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Abstract
Heart failure is a clinical syndrome that develops due to 

abnormality in the cardiac structure or mechanical function leading 
to failure of the heart to deliver oxygen at a rate proportionate with 
the requirements of the metabolizing tissues. Despite advancement 
in primary prevention and therapy, it had continued to record poor 
prognosis and more complications leading to high rate of mortality. 
Recent advances in proteomic technologies permit the evaluation 
of systemic changes in protein expression in response to intrinsic or 
extrinsic perturbations to the biologic system. Proteomics is a potential 
tool for the discovery and application of novel biomarkers in diagnosis 
of the inception and progression of cardiovascular diseases (CVDs) 
which might then affect prevention and therapy. Shotgun proteomic 
approach was utilized to identify and compare the proteins in the 
tissue samples of a 3 month old glucokinase knockout mouse in 
early stage heart failure with a normal control mouse tissue sample. 
Bioinformatics analysis was performed using the MASCOT MS/MS ions 
search to identify, characterize and quantify. A total of 156 cardiac 
proteins were found in the normal control mouse tissue sample while 
163 cardiac proteins were found in the diseased mouse tissue sample. 
104 common cardiac proteins were identified in both mouse tissue 
samples. 35 cardiac proteins out of the common cardiac proteins 
were differentially expressed in the diseased mouse tissue sample and 
49 unique cardiac proteins were also found in the diseased mouse 
tissue sample. 6 cardiac proteins (ATP Synthase mitochondrial OS, 
Cytochrome C somatic OS, Myoglobin OS, Myosin-6 OS, Isocitrate 
dehydrogenase (NADP) mitochondrial OS and Histone H4 OS with high 
exponentially modified protein abundance index (emPAI) from the 
differentially expressed and unique cardiac proteins were selected 
as potential discovered biomarkers. The selected proteins play an 
important role in cellular stress response, mitochondrial dysfunction 
and myocardial cell death.

Introduction
Heart Failure (HF) is a clinical syndrome frequently associated 

with impairment of the metabolizing tissues as a result of a defective 
heart. It remains the most well-known, expensive, disabling and 
deadly medical conditions encountered in primary and secondary 
care; and despite advances in the understanding and treatment, it still 
has a poor prognosis. Over the last 10 years, the yearly number of 
hospitalizations for heart failure has expanded from roughly 550,000 
to about 900,000 as a primary diagnosis and from 1.7 to 2.6 million as 
a secondary diagnosis [1]. In the United States, approximately $500 
million yearly is used on medications for the treatment of HF. In 
developed countries, the epidemiology of symptomatic heart failure 
is well understood; between 1% and 2% of the adult population have 
heart failure, although it affects mainly elderly individual; 6-10% of 
individual over the age of 65 years have the disorder [2]. The lifetime 
danger of developing heart failure is roughly one in five for a matured 
individual of 40 years [3,4].

According to the 2014 Non-communicable Disease country 

profile by WHO, In Nigeria, Cardiovascular diseases (CVDs) 
accounts for 7% of total deaths which is more higher than Cancer 
3% and Diabetes 2% respectively which makes it the leading cause 
of mortality in Nigeria. A study conducted in South Western Nigeria 
revealed that; of the 1004 cardiovascular disease patients recorded 
between 1997 and 2001, those with heart failure had the highest 
occurrence 384(35%) while congenital heart disease has the Slowest 
occurrence 9.0(0.8%) [5]. In that study hypertension accounted 
for 353(32%), stroke 192(17.4%), cardiomyopathies 84(7.6%) and 
others 62(5.6%) [5].The study further revealed that men 671(60.8%) 
were found to have higher incidence of cardiovascular disorders 
than women 633(39.2%) [5]. The existence of ethnic differences 
was confirmed in hypertension control and in cardiovascular and 
renal outcomes, which they attributed to factors such as biological, 
cultural, social, healthcare provider and healthcare system factors like 
insurance and access to care and medication [6]. 

Heart Failure is associated with several co-morbidity such 
as angina, high blood pressure, diabetes, smoking-related lung 
malady, renal dysfunction and age [7]. Metabolic abnormalities that 
characterize type 2 diabetes (T2D) have long been shown to induce 
molecular mechanisms that contribute to accelerated atherosclerosis 
progression [8]. Moreover, individuals with T2D have an increased 
risk of developing cardiovascular diseases and higher cardiovascular 
mortality rates compared with individuals without T2D [9]. In the 
pancreas, glucokinase (GK) determines the rate of glucose-stimulated 
insulin secretion (GSIS), whereas in the liver the rates of glucose 
utilization and glycogen synthesis are regulated by the GK activity. 
Thus, GK plays a critical role in the regulation of blood glucose by 
acting as the glucose sensor in both pancreas and liver [10,11]. In 
humans, heterozygous point mutations in the glucokinase (GK) gene 
result in reduced enzymatic activity and decreased insulin secretion, 
causing maturity onset diabetes of the young (MODY) with early-
onset and persistent hyperglycemia [12]. Reduced GK activity has 
been suggested to contribute to impaired insulin secretion, as well as 
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to the abnormalities in hepatic glucose balance in humans with T2D 
[13-16].

In the Acute Decompensated Heart Failure National Registry 
(ADHERE), 30% of hospitalized patients with acute HF had a history 
of chronic renal failure (serum creatinine level >2 mg/dl) [17]. It also 
showed that admission levels of serum creatinine and blood urea 
nitrogen were among the strongest independent risk predictors for 
in-hospital mortality. With regard to chronic HF, 16 reviewed studies 
focused on the association between renal impairment and mortality 
in 80,098 HF patients. They also reported that 63% of HF patients 
had at least mild renal dysfunction, and in 20% it was moderate or 
severe [18]. Traditionally, scientists working on CVDs have relied on 
epidemiology associations to identify diagnostic and prognostic risk 
factors such as hypercholesterolemia and hypertension in populations 
[19]. 

Heart failure however, arises as a consequence of an abnormality 
in the cardiac structure, function, rhythm or conduction. The 
presence of signs and symptoms among patients is an indication 
of abnormality or disorder; neither of observed symptoms such as 
excessive tiredness, breathlessness, orthopnea, paroxysmal nocturnal 
dyspnea, abdominal discomfort and nausea is specific to heart failure. 
In assessments, abnormal features associated with heart failure are 
palpation, fainting or abnormal heart rhythm.

Recent advances in proteomic technologies permit the evaluation 
of systemic changes in protein expression in response to intrinsic 
or extrinsic perturbations to the biologic system most especially 
those that occur in cardiovascular disease [20]. Proteomics is a 
potential tool for the discovery and application of novel biomarkers 
in diagnosis of the inception and progression of CVDs which might 
then affect prevention and therapy [21]. Proteomics differs from 
traditional “protein chemistry” in that the latter studies mainly 
the chemical properties of specific families of proteins whereas 
proteomics studies the large-scale interaction of the protein repertoire 
within an organism, animal or human. Proteomic biomarkers also 
differ from traditional biochemical markers that we currently use 
clinically in that multiple interacting protein species are evaluated 
simultaneously to response of a cell or an organism to disease or 
adversities in the environment [22]. Biomarkers are diagnostic tool 
that may be detectable, measurable and elevated as an indicator of 
normal biological processes, abnormal levels of disorders, pathogenic 
processes or pharmacological responses to a therapeutic invention 
[23].  The total market value of biomarker in 2014 is $5.95 billion 
and it is expected to reach $30 billion in 2020 growing at CAGR 
(Compound Annual Growth Rate) of 16% from 2014 to 2020. A 
recent article on cardiac biomarkers emphasizes the need for a cardiac 
biomarker that detects the presence of myocardial damage even 
before the reversible myocardial damage is induced, and thereby help 
identify the vulnerable patients before major events occur, permitting 
prior treatment [24]. Therefore early detection of CVD would allow 
implementation of early intervention strategies to delay or prevent 
disease progression, which will not only save costs for medical care 
but will also lead to improved prognosis and quality of life. This study 
identified and compared the proteins found in the model mouse in 
early stage heart failure with the normal control mouse heart tissue.

Materials and Methods
Reagents such as stacking buffer (1M Tris-HCl pH 6.8), resolving 

buffer (1M Tris-HCl pH8.8), Sodium Dodecyl Sulphate (1%, SDS), 
Laemmli buffer (2X), Ammonium Persulphate (APS, 1.5%), Running 
buffer (10X), 50 ml Ammonium bicarbonate (50 mM), Iodoacetamide, 
trypsin solution, 10% resolving gel and stacking gel were prepared. 

Gel moulding

The gel Cassette was set up and tested to ensure no leakage in-
between the glass plate. A comb was inserted in-between the two 
glass plates, the prepared resolving gel mixture pipetted immediately 
to avoid solidification. The mixture was immediately overlaid with 
water to flatten the surface by adding slowly to avoid mixing. The 
gel was allowed to polymerize for 45 minutes before the water was 
absorbed using a filter paper at the half of time. The stacking gel 
mixture was prepared and pipetted to fill up the already loaded gel 
cassette avoiding air bubbles. The gel was left to solidify within 45 
mins. After the gel was moulded in the gel cassette, it was unclipped 
and kept in a refrigerator for SDS-PAGE analysis using the Tris/
glycine buffer system according to Laemmli [25]. 

Tissue processing

A Leica Cryostat was used to slice the frozen normal and 
knockout glucokinase mice heart tissue and collected in labelled clean 
Eppendorf tubes. The tubes were kept in an ice pack till processed.

Preparation of tissue lysate

Laemmli sample buffer (2X) concentrate was used for protein 
sample preparation to denature the proteins. The samples were mixed 
with the buffer, heated in a water bath and centrifuged at 14000 g for 5 
mins. The supernatant was transferred to labelled clean tubes. 

Electrophoresis assembly and sample loading

The gel cassette was assembled into a BIO RAD Mini-PROTEAN 
Tetra Vertical Electrophoresis Celltank. The inner chamber was 
filled up with prepared 10X Running buffer and the comb removed 
to expose the wells. The SeeBlue Plus2 Pre-stained standard and the 
samples were loaded into the wells. The electrophoresis was allowed 
to run for 1 hour at 120 V. At the end of the electrophoresis, the gel 
was removed and inverted into an InstantBlue Coomassie staining 
solution for 1 hour 30 minutes to fix the proteins and improve the 
sensitivity and detection.

In-Gel protein digestion for mass spectrometric analysis

Rinsed stained gel was placed on a clean glass slab. The lanes 
containing the bands were excised into four sections using a clean 
scalpel. Each section of the excised bands were cut into cubes and 
transferred into labelled tubes. The gel pieces were de-stained with 
prepared 50 mM Ammonium Bicarbonate for 15 minutes. The 
supernatant was decanted and replaced with Acetonitrile to dehydrate 
the gel cubes for 15 minutes at room temperature before decanting. 
400 µL of Dithiothreitol (DTT) was poured to cover the gel pieces 
followed by 1hour incubation using a hot plate at 60 ̊ C for Disulphide 
reduction. After incubation, the supernatant was decanted and 400 
µl of the prepared 100 mM Iodoacetamide was added coupled with 
30 minutes incubation in the dark at room temperature for Cysteine 
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alkylation to prevent re-oxidation. The supernatant was decanted and 
Acetonitrile was added and left for 5 minutes before decanting. 

Trypsin digestion

Trypsin as an endoproteinase was added to the tubes containing 
the alkylated proteins in the gel pieces and incubated overnight at 37 
˚C. It cleaves at the carboxylic side of lysine and arginine residues 
(that is to hydrolytically break the peptide). The distribution of Lys 
and Arg residues in proteins is such that trypsin digestion fragments 
the proteins in order to yield peptides of molecular weights that can 
be analysed by LC-MS/MS mass spectrometry. 

Bioinformatics analysis

Bioformatic Analysis of the obtained MASCOT generic format 
data (mgf.data) was achieved by retrieveing the MASCOT software 
search engine from Matrix Science; a program for identifying, 
characterising and quantifying proteins using Mass Spectrometry 
data. A fresh work sheet for MASCOT MS/MS ions was retrieved, 
changes were made on the parameters such as; name,email address, 
Database to SwissProt, Enzyme left as Trypsin, Taxonomy to “Mus”, 
Fixed modifications to Carbamidomethyl (C), Variable modifications 
to Oxidation (Methionine, M), data format to MASCOT generic and 
the already obtained data file was uploaded before clicking on the Start 
Search to commence the data retrieval. Through the protein family 
summary, the report builder was clicked for the fragment rf to load. 
The protein hits containing the family, database, accession, score, 

mass, number of peptide matches, no of significant peptide matches 
(Match, sig), number of distinct sequences, number of significant 
distinct sequences, Exponentially modified protein abundance index 
(emPAI) and description were revealed. This was repeated 8 times for 
all the mgf.data obtained from the trypsin digested 8 sample tubes 
analysed with LC-MS/MS Mass spectrometry.

Results 
SDS-PAGE separation

The extracted proteins from the heart tissue samples of a normal 
mouse and a 3 months old glucokinase knockout mouse were 
separated using SDS-PAGE analysis. The bands were revealed on 
the lanes of gel which was an indication of the presence of separated 
proteins. 

Bioinformatics analysis

The analysis showed a total of 156 cardiac proteins from the 
normal mouse tissue sample, 163 cardiac proteins were found in the 
glucokinase knockout mouse tissue sample, 104 common cardiac 
proteins were identified in both mice tissue samples while 35 cardaic 
proteins out of the common cardiac proteins were differentially 
expressed in the glucokinase knockout mouse tissue sample, 49 
unique cardiac proteins were found in the glucokinase knockout 
mouse tissue sample and 13 Unique cardiac proteins found in the 
Normal Heart Control mouse (Figures 1 and 2). 6 cardiac proteins 

Figure 1: A list of the 36 protein hits revealing the family, Database, Accession, Score, Mass, Number of peptide matches (Matches), Number of Significant peptide 
matches (Matches(sig), Number of distinct sequences (Sequences), Number of significant distinct sequences (Seq (sig), Exponentially modified protein abundance 
index (emPAI) and Description. Each of the enlisted Accession possesses detail of the taxonomy, calculated isoelectric point and the point at which the trypsin 
enzyme cut.
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with high emPAI (exponentially modified protein abundance index) 
from the differentially expressed and unique cardiac proteins were 
finally selected as the final potential discovered biomarker for heart 
failure (Table 1). This confirms the role of biomarkers as a biological 
tool to monitor abnormal levels, predict the onset of a disease so as to 
delay or prevent disease progression and pharmacological responses 
to a therapeutic intervention and improved diagnosis.

Discussion
This study was designed to discover potential biomarkers for 

heart failure by identifying and comparing the proteins found in 
a glucokinase knockout mouse and normal mouse heart tissue 
samples in-order to understand its clinical relevance. The emPAI 
however, help to add value to quantitation in proteomic studies since 
it’s proportional to the protein content in a protein mixture when 
applied to a protein expression analysis or when comparing a gene 
with a protein expression in a human or animal model (Figure 3). 
The Glucokinase also referred to as Hexokinase IV is encoded by a 
gene in rodents which controls beta cell insulin secretion and the 
absence of the glucokinase enzyme has been proven to cause diabetes 
or hyperglycemia due to the inability to control insulin which is a risk 
factor to developing heart failure overtime [26-29].

(Table 1) represents the selected proteins with High emPAI 
present in the tissue sample of 3 months old glucokinase-knockout 
mouse in early stage Heart failure. The protein ATP synthase subunit 

β, mitochondrial OS with Accession AT5F1_MOUSE obtained from 
the Swissprot database has a Nominal mass (M) of 56265, high emPAI 
of 5.29, calculated Isoelectric point of 5.19 from Musmusculus. 
Adenosine-Triphosphate synthase is an essential component of 
mitochondrial energy conversion in the mammalian organism 
because it forms most of the cellular ATP in aerobic cells. Defects of 
this enzyme brings about mitochondrial diseases which are harmful 
and manifest primarily in children, very often shortly after birth [30]. 
The mitochondria are found in eukaryotes where it produces energy 
known as ATP in the cells; it is a vulnerable intracellular target to 
reactive oxidative-stress (ROS) induced injury [31,32]. Reactive 
oxygen has been considered to be important regulators of pathogenesis 
of pancreatitic oxidative stress which occur at the early stage of 
induction [33,34].This injury are potential energy deficits that are 
important in the pancreas due to the energy demand for protein 
synthesis [35]. Changes in ATP synthase biogenesis may result to two 
types of isolated defects namely: qualitative (when the enzyme is 
structurally modified and does not function well) and quantitative 
when it is present in insufficient amounts. Cytochrome C, Somatic 
OS with Accession CX7A1_MOUSE is a unique protein found in the 
mouse model with high emPAI score of 4.87. In Apoptosis, it serves 
as a critical cell death factor capable of initiating the caspase cascade 
through the binding to apoptosis protease-activating factor, Apaf-1 
and formation of apoptosomes [36]. Mueller and Driscoll, 
demonstrated that cytochrome c catalyzes the amidation of fatty acids 
and formation of important physiological regulators; long-chain fatty 
acyl glycines though the pathways are yet to be identified [37,38]. 
However, these biological activities of cytochrome c are identified in 
its native state which successes has been recorded that the unfolding 
of cytochrome c globule shows its function as a peroxidase [39]. This 
instability can be caused by chemical modification such as oxidation 
and nitration [40-42] or by the association of hydrophobic anions 
including phospholipids [43-49]. Myoglobin OS a differentially 
expressed protein with the Accession: MYG_MOUSE and emPAI 
score of 4.62 revealed the Nominal mass of 17116, Score of 712, 
calculated Isoelectric point (pI) of 7.07, protein sequence coverage of 
59%, number of peptide matches is 33, number of significant peptide 
matches are 20, number of distinct sequences are 7 and number of 
significant distinct sequences are 7. Myoglobin is the earliest seen 
biochemical marker used for the assessment of patients with acute 
coronary syndrome. High scores of myoglobin protein is found in the 
blood stream after a skeletal muscle injury [50] and this is due to same 
amino acid composition of myoglobin found in cardiac and skeletal 
muscles which compromises the clinical specificity. A study 
demonstrated that a knockout mouse deficient of myoglobin showed 
30% reduced volume of blood pumped by the heart during contraction 
which was due to the widening of the blood vessels (vasodilation) 
[51]. CHECKMATE study has proved that the presence of myoglobin 
brings about the presence of other markers in predicting the outcomes 
[52]. This indeed has played a role in adding diagnostic value in risk 
stratification of patients with acute coronary syndrome [53]. 
However, myoglobin is a sensitive marker for muscle injury that acts 
as a potential marker for heart attack in patients with chest pain [54]. 
In humans, oxygen reduction catalysis, dioxygen transport and 
storage are carried out by Hemoglobin, Myoglobin and cytochrome c 
oxidase [55-57]. Myosin-6 OS Accession MYH6_MOUSE a 
differentially expressed protein revealed an emPAI value of 3.64, 

Figure 2: A Venn diagram of identified proteins identified from LC-MS/MS 
Mass spectrometry.

Figure 3: An illustration of the selected potential biomarkers and their rate 
of increase in emPAI scores. This chart illustrates that the protein with the 
Accession AT5F1 (ATP Synthase Subunit Beta) has the highest emPAI score 
of 5.29 while the protein with the Accession H4 (Histone H4) has the lowest 
emPAI score of 1.08.
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Nominal mass of 224225, Score of 4281, Calculated Isoelectric point 
(pI) of 5.57, number of peptide matches of 136, number of significant 
peptide matches of 122, number of distinct sequences of 65 and 
number of significant distinct sequences of 60. MYH6 symbolizes the 
protein Myosin heavy chain 6, cardiac muscle, alpha. It is located in 
the cardiac muscle cells (heart) where it creates a force for contraction 
within the cardiac muscle permitting the heart to pump blood to 
every part of the body. Mutation in the MYH6 gene brings about 
modification in the myosin protein and this has been proven to cause 
various heart disorders like congenital heart defects(CHD) especially 
atrial-septal defect (ASD) which is a hole in the wall (septum) that 
separates the two upper chamber of the heart (atria) [58,59]. 
Modifications in this protein can cause dilated myopathy (DCM) and 
hypertrophic cardiomyopathy (HCM) [60,61]. DCM causes 
enlargement and weakening of the heart while HCM thickens the 
cardiac muscle (hypertrophy). All these conditions prevent the heart 
from pumping blood effectively and increase the risk of heart failure/
sudden death. Isocitrate dehydrogenase (NADP) mitochondrial OS 
(IDHP_MOUSE) showed an emPAI value of 1.27, Nominal mass of 
51330, Score of 373, Calculated Isoelectric point (pI) of 8.88, protein 
sequence coverage of 26%, number of peptide matches of 12, number 
of significant peptide matches of 12, number of distinct sequences of 
11 and number of significant distinct sequences of 11. It is an enzyme 
found in the mitochondria where it produces energy for all cell 
activities [62]. In humans, it exists in three isoforms: IDH3 catalyzes 
the third step of citric acid cycle while converting NAD to NADH in 
the mitochondria. The isoform IDH1 and IDH2 catalyzes the same 
reaction outside the context of the citric acid cycle and uses NADP as 
a cofactor instead of NAD. Generally, Isocitrate dehydrogenase 
converts isocitrate to 2-ketoglutarate. The conversion reaction 
produces a molecule called NADPH which is necessary for many 
cellular processes and helps protect cells from potentially harmful 
molecules called reactive oxygen species [63]. Mutations in the IDH 
gene have been found to cause (D-2-HGA) type II and increase in the 
D-2-hydroxyglutarate obstruct the normal function of conversion of 
isocitrate to 2-ketoglutarate [64]. The altered enzyme takes an 
abnormal function of building up abnormal cells. At high levels, it 
causes cell damage which leads to cell death. People with this form of 
disorder also have a weakened and enlarged heart (cardiomyopathy). 
However, accumulation of D-2HGA in transgenic mice with activated 
two alleles has been proven to provoke dilated cardiomyopathy. The 
diseased hearts exhibited mitochondrial damage and glycogen 
accumulation with a concordant up-regulation of genes involved in 
glycogen biosynthesis [65]. Unique protein Histone H4 OS (Accession 
H4_MOUSE) revealed an emPAI value of 1.08, Nominal mass of 
11360, Score of 80, Calculated Isoelectric point (pI) of 11.36, number 
of peptide matches of 3, number of significant peptide matches of 3, 
number of distinct sequences of 2 and number of significant distinct 

sequences of 2. Histone 4 belongs to the 5histone proteins found in 
the nuclei of animals and plant cells that arrange the DNA into 
structural units known as nucleosomes [66]. They undergo 
modifications, acetylation, phosphorylation and methylation which 
might alter the expression of genes. Progress in cardiovascular 
research has uncovered that inflammation, proliferation and 
remodelling are gene-environmental interactions which play a role in 
epigenetic mechanisms such as histone acetylation and DNA 
methylation [67]. The association between histone acetylation and 
atherosclerosis was investigated using low-density lipoprotein (LDL) 
receptor deficient mice fed with an atherogenic diet for 4weeks [68]. 
It was observed that a specific histone deacetylase inhibitor 
(Trichostatin A) aggravated atherosclerosis. This finding however 
suggested that histone 4 acetylation played a role in atherogenesis and 
might have affected the progress of atherosclerosis [69].

Conclusion
Reactive Oxygen Species (ROS) in cardiovascular disease increases 

the level of lipid peroxides which results to structural changes in the 
heart. Cellular disruption due to oxidative stress and mitochondrial 
abnormality increases the progression of heart failure in humans. 
Therefore, the presence of these cardiac proteins has proven to be 
an indicator to aid diagnosis, prognosis and risk stratification of HF 
for evaluation of therapy. They are linked to cellular stress response 
(oxidative stress) and cardiac metabolism in the mitochondria. 
Early detection of Heart failure is essential and would permit 
implementation of early intervention strategies to delay or prevent 
disease progression. However there is need for collaborative work 
within the research community, healthcare system and policy makers 
to select and validate biomarkers that will improve heart failure care 
and general patient management in Non-communicable diseases.
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