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Coronary artery disease (CAD) is a prevalent chronic inflammatory cardiac disorder. An early diagnosis is likely to help in the
prevention and proper management of this disease. As the study of proteomics provides the potential markers for detection of a
disease, in the present investigation, attempt has been made to identify disease-associated differential proteins involved in CAD
pathogenesis. For this study, a total of 200 selected CAD patients were considered, who were recruited for percutaneous
coronary intervention (PCI) treatment. The proteomic analysis was performed using two-dimensional gel electrophoresis (2-
DE) and MALDI-TOF MS/MS. Samples were also subjected to Western blot analysis, enzyme-linked immunosorbent assay
(ELISA), peripheral blood mononuclear cells isolation immunofluorescence (IF) analysis, analytical screening by fluorescence-
activated cell sorting (FACS), and in silico analysis. The representative data were shown as mean +SD of at least three
experiments. A total of 19 proteins were identified. Among them, the most abundant five proteins (serotransferrin, talin-1,
alpha-2HS glycoprotein, transthyretin (TTR), fibrinogen-a chain) were found to have altered level in CAD. Serotransferrin,
talin-1, alpha-2HS glycoprotein, and transthyretin (TTR) were found to have lower level, whereas fibrinogen-a chain was found
to have higher level in CAD plasma compared to healthy, confirmed by Western blot analysis. TTR, an important acute phase
transport protein, was validated low level in 200 CAD patients who confirmed to undergo PCI treatment. Further, in silico and
in vitro studies of TTR indicated a downexpression of CAD in plasma as compared to the plasma of healthy individuals. Lower
level of plasma TTR was determined to be an important risk marker in the atherosclerotic-approved CAD patients. We suggest
that the TTR lower level predicts disease severity and hence may serve as an important marker tool for CAD screening.
However, further large-scale studies are required to determine the clinical significance of TTR.

1. Introduction

Coronary artery disease (CAD) is causing high rate of mor-
tality and morbidity in the modern world. It is characterized
by arterial blockage through deposition of cholesterol and/or
other material on inner wall of arteries which lead to develop
a plaque called atherosclerosis [1]. It can remain stable for
some years or can induce the formation of an occlusive cor-
onary thrombus at the site of atherosclerotic plaque and rup-

ture and lead to the development of cardiovascular events,
such as unstable angina or myocardial infarction, i.e., acute
coronary syndromes (ACS) [2]. It was observed that about
17.7 million (31%) global deaths occurred due to cardiovas-
cular diseases (CVD). Among these cases, deaths because of
CAD and strokes were 7.4 million and 6.7 million, respec-
tively, as estimated by the WHO (WHO 2017) [3]. Since
CAD is a complex disorder where both genetic, and lifestyle
especially, the dietary habits can influence the heart health,
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understanding disease pathophysiology, and finding new
diagnostic biomarker for easy and early detection of CAD
that is imperative.

Molecular biomarkers have become increasingly impor-
tant clinical tools for CAD screening and diagnosis. Pres-
ently, the C-reactive protein (CRP) has been widely used as
an established nonspecific prognostic inflammatory bio-
marker for the prediction and diagnosis of CAD [4, 5]. Other
prevailing biomarkers for CAD diagnosis include
interleukin-6 (IL-6) [6] and tumor necrosis factor-alpha
(TNF-a) [7]. Moreover, the multimarker approach such as
troponin-I and B-type natriuretic peptide (BNP) in combina-
tion also showed improved risk stratification. Although few
genetic markers such as single nucleotide polymorphisms
(SNPs) have also been identified but are not clinically used
to diagnose CAD, most of them could not be replicated in
different populations. Also, these identified candidate pro-
teins are very difficult to detect in the plasma, which is the
most readily available clinical sample [8]. Therefore, we have
used plasma for the identification of predictive biomarkers
for CAD assessment. It has been shown that the changes in
plasma protein levels could promote plaque (cholesterol-
laden) deposition in arteries causing their hardening and
promoting pathogenesis [9, 10]. Earlier also, studying these
plasma proteins could provide diverse and integrated infor-
mation about the disease mechanisms that contribute to
CAD pathophysiology [11]. In fact, some plasma biomarkers
have been identified by high-throughput mass spectrometry
(MS) analysis [12] and have been reported as diagnostic or
therapeutic biomarkers for various diseases such as cancer,
neurological diseases, and autoimmune diseases [13].
Although advances in proteomic analysis led to the identifi-
cation of few markers for CAD diagnosis [4], till date, hardly
anyone is known to be highly specific to diagnose CAD at an
early stage [14]. Hence, there is an urgent need for a specific
marker protein in the prospect of CAD diagnosis.

Previous studies have shown that protein phosphoryla-
tion manages regulation of cell proliferation, differentiation,
apoptosis, protein subcellular localization, and complex for-
mation through different signalling pathways and diverse
functions, depending upon the occupation of various phos-
phorylation sites [15]. About one-third of mammalian pro-
teins are phosphorylated and many pathological conditions
are characterized by these altered phosphorylation levels dur-
ing disease states. Previously, a variety of cardiovascular
pathologies have demonstrated that changes in the phos-
phorylation states of key cardiac regulatory proteins may
underlie cardiac dysfunction in disease states [16]. In general,
phosphorylation of specific residues on target substrates trig-
gers small conformational changes in the protein structure
which can alter the biological function. It has been well
established that protein phosphorylation is intimately
involved in the regulation of myocardial contractility,
metabolism, and other processes like membrane transport
and permeability and ionic fluxes, regulated by this versatile
posttranslational mechanism [17, 18]. Therefore, addressing
the abundance of protein phosphorylation could be a useful
resource to understand the molecular mechanism to target
CAD pathogenesis.
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In this context, we aimed to identify phosphoproteins
along with differential abundance of proteins in CAD. There-
fore, the identification of phosphoproteins from CAD plasma
was employed using the phosphoprotein enrichment tech-
nique. It was also thought that the identification of differen-
tial proteins using a phosphoproteomics approach at the
preliminary stage of CAD may help to understand their dis-
ease association particularly in the cohort of patient samples
[19]. Thus, we have identified the differential level of phos-
phoproteins that might have pathogenesis relevance and
serve as predictive protein markers for CAD.

Among all identified protein, transthyretin (TTR) has
been validated to elucidate its differential level consistency
in CAD because TTR is well known as an acute-phase reac-
tant protein, whose wild-type transthyretin amyloidosis var-
iant expression has been observed to be reduced during the
inflammatory response of familial amyloidotic polyneuropa-
thy (FAP) and biopsy-proven amyloidosis [20]. It appears to
have a diverse pathophysiological impact on the cardiovascu-
lar health. TTR, often known as prealbumin, a plasma protein
with a tetramer molecule of 56 kDa, normally synthesized in
the liver and choroid plexus of the brain and is secreted into
the bloodstream and cerebrospinal fluid [21]. However, fur-
ther comprehensive evaluation of TTR required in larger
cohort of CAD may hold its clinical importance and will
potentially pave a path to reveal the regulatory mechanism
of CAD.

2. Materials and Methods

2.1. Sample Collection. For this study, 200 CAD patients from
the All India Institute of Medical Sciences (AIIMS), New
Delhi, India, were enrolled who were having multivessel ste-
nosis, as affirmed by the coronary CT angiography. The
patients with age of 18 years and/or above were included
for study, whereas the patients having a history of heart fail-
ure, myocardial infarction (MI), renal failure, atrial fibrilla-
tion, coronary artery bypass grafted (CABG), and pregnant
women were excluded from this study.

From each patient, the blood sample was taken prior to
the percutaneous coronary intervention (PCI). The patholog-
ical status of each patient was confirmed at the department of
cardiology of the same institute. The clinical information
along with definite medical history of each patient, their life-
style characteristics including age, symptoms, and the prior
history of cardiovascular related disorder such as acute coro-
nary syndrome (ACS), stroke and hypertension (H/T), and
diabetes mellitus (DM) were also recorded (Table 1). Simi-
larly, healthy control (n = 50) individuals having no history
of prior cardiac ailments with the same age group were con-
sidered. Written and signed consents were obtained from all
volunteers before enrolment. The study was carried out in
accordance with the principles of the Helsinki Declarations
and approved by the medical ethics committee of Depart-
ment of Cardiology, AIIMS, New Delhi, India (reg. No.
IEC/NP-252/2013), and CSIR-Institute of Genomics and
Integrative Biology, Mall Road, Delhi University Campus,
Delhi, India.
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TaBLE 1: Demography clinical assessment of CAD patients and healthy individuals. CAD: coronary artery disease; D/M: diabetes mellitus;
H/T: hypertension; CABG: coronary artery bypass grafting; ACS: acute coronary syndrome; PCI: percutaneous coronary intervention.

S. no Characteristics CAD patients (n = 200) Healthy individuals (n = 50)
1 Mean age + SD 56.5+10.40 50.1 £6.05

2 Sex (male, female) 170M+30F 36M+14F

3 D/M (%) 65 (32.5%) 0 (0)

4 H/T (%) 103 (51.5%) 0 (0)

5 Past history of CABG (%) 0 (0) 0(0)

6 Past history of PCI (%) 8 (4%) 0(0)

7 Past history of stroke (%) 3 (1.5%) 0 (0)

8 Past history of ACS (%) 104 (52%) 0 (0)

9 Medicine Antiplatelet, nitrates, -blocker, statins, etc. Nil

2.2. Sample Processing. The blood samples from CAD
patients and healthy individuals were drawn using venepunc-
ture in an ethylene diamine tetra acetic acid- (EDTA-) coated
vacutainer tubes (BD, Franklin Lakes, NJ, USA) and trans-
ported immediately in a cold chamber to the research pre-
mises. Blood samples were centrifuged at 1300xg for
15min at 4°C, and plasma was separated and processed
immediately for running 2-DE and other experiments. The
remaining plasma samples were aliquoted in various volumes
in eppendorf and stored at -80°C for further analysis [11].

2.3. Phosphoprotein Enrichment. The phosphoproteins from
CAD and healthy control plasma were enriched using a
phosphoprotein enrichment kit (Thermo Scientific, Pierce,
USA) in triplicate using manufacturer’s protocol as described
earlier [22]. The columns were loaded with resin and equili-
brated with exchange buffer. Plasma samples (CAD n =5 and
healthy n = 5) were pooled separately and used for phospho-
protein enrichment in order to minimize intraindividual het-
erogeneity. A total of 0.5-1.0 mg protein was taken from each
pooled sample. The plasma samples were then exchanged
with 0.5M triethylammonium bicarbonate (TEAB, pH 8.5)
buffer using 3kDa cut-off filter (Millipore, USA). The frac-
tions of phosphoproteins were eluted using elution buffer
and quantitated by the Bradford assay.

2.4. Two-Dimensional Gel Electrophoresis (2-DE). The
enriched phosphoproteins pooled samples of CAD and
healthy control were used to run 2-DE in triplicates as
described previously with slight modifications [22]. The
main advantages of 2-DE are its ability to analyze the com-
plete protein at high resolution with good separation, apart
from robustness and reproducibility. A total of 70ug
phosphoprotein-enriched samples of CAD and healthy
plasma were dissolved separately in rehydration buffer [7 M
urea, 2M thiourea, 2% 3-[(3-Cholamidopropyl) dimethy-
lammonio]-1-persulfonate (CHAPS), 0.2% (v/v) ampholytes,
and bromophenol blue] were applied to 7 cm immobilized
pH gradient strips (IPG) ranging 4-7 pH (Bio-Rad, Munich,
Germany) and rehydrated overnight. The first dimension
by isoelectric focusing (IEF) was carried out at 200V for 1 h
and 500V for 1h followed by final focusing at 8000V for
5h. Before the second dimension, IPG strips were equili-

brated in buffer (50mM Tris-HCI, pH8.8, 6 M Urea, 4%
(w/v) SDS, 20% (w/v) glycerol and 10 mg/ml DTT) and ree-
quilibrated in the same buffer containing 40 mg/ml iodoace-
tamide (IAA) replacing DTT, each for 20min. The
equilibrated strips were run in 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) using the
mini protean-II electrophoresis vertical system (Bio-Rad,
Munich, Germany) for 2h at 100 V constant voltage. The gels
were phosphostained using Pro-Q Diamond and silver stain-
ing of gel for total proteins (Merck Chemicals, Germany).
The gel spots thus obtained were scanned using the chemi-
Doc™ MP imaging system (Bio- Red, USA) [23].

2.5. Phosphoprotein Staining. For phosphoproteome analysis,
the gels were stained using Pro-Q Diamond phosphoprotein
stain (Molecular Probes, Invitrogen, UK) according to the
manufacturer’s instruction with little modification. Briefly,
2-DE gels were first fixed twice in 100 ml of 50% methanol,
10% acetic acid for 30 min each, and washed with Milli Q.
The gels were incubated with Pro-Q Diamond for phospho-
protein staining for 2h at room temperature (RT) and
destained with 20% acetonitrile (ACN) and 50 mM sodium
acetate for 30 min followed by washing thrice with Milli Q.
After washing, gels were scanned using FLA-5100 (Fuji
photo film, Co. Ltd: Europa GmbH, Dusseldorf, Germany)
with excitation and emission maxima 532 nm and 580 nm,
respectively. Later, silver staining of the same gels was carried
out and scanned using the chemiDocTM MP imaging system
(Bio- Red, USA) as described earlier [22].

2.6. 2-DE Image Analysis. The gels were analyzed using
PDQuest image lab software (Bio-Rad). The normalized pro-
tein amount for each spot was calculated as the ratio of the
spot volume to the toral spot volume. A threshold level for
differential protein level was defined as at least 1.5-fold
increase or decrease in spot intensity between the groups.

2.7. In Gel Trypsin Digestion. Protein spots were excised and
trypsin-digested as described previously with some modifica-
tions [24]. The gel spots were destained with 30 mM potas-
sium ferricyanide (Sigma Aldrich, USA) and 100 mM
sodium thiosulphate (Sigma Aldrich, USA) and dehydrated
with acetonitrile (ACN)/water until they become white and



sticky. The gel pieces were equilibrated using 100 mM
ammonium bicarbonate and ACN (Sigma Aldrich, USA),
for 5min and vacuum dried. The gel pieces were digested
with sequencing grade trypsin 10l (0.1 ug/ul trypsin, Pro-
mega, USA) overnight at 37°C. Following digestion, tryptic
peptides were extracted twice with 50% ACN/0.1% trifluor-
oacetic acid (TFA, Sigma Aldrich, USA) with moderate son-
ication, dried in a speed-vac to expel TFA/ACN, and stored
at -20°C till further use.

2.8. MALDI-TOF MS/MS Analysis. The molecular masses of
polypeptides were determined using matrix-assisted laser
desorption ionization mass spectrometer (MALDI-TOF
MS/MS) (Applied Biosystems, Life Technologies, USA).
The extracted peptides were desalted and purified using Zip-
Tip C18 (Millipore). Peptide (1 ul) concentrate was mixed
with 1yl sinapinic acid onto the MALDI target plate and
allowed to air dry. MS/MS spectra were procured over the
mass scope of 10,000-20,000 Da in reflector positive mode
with 5600 laser shots force (25 shots/subspectrum for 500
aggregate shots/spectrum). The inside alignment was per-
formed utilizing a standard calibration mix 5 (Applied Bio-
systems). For the MS/MS precursor selection, the least S/N
(signal/noise) filter was set at 25 with a prohibition list for
a-cyano-4-hydroxycinnamic acid (CHCA) lattice peaks. Pro-
tein identification was considered statistically significant
probability-based score (p < 0.05) using the mascot database
search [25].

2.9. Western Blot Analysis. The plasma protein (20 pg) from
CAD and healthy controls was separated on 12% SDS-
PAGE as described previously [25] and electrotransferred
to the nitrocellulose (NC) membrane (Millipore, USA) using
Trans-Blot Semi-dry transfer unit (Bio-Rad, USA). The
membranes were blocked using 5% of bovine serum albumin
(BSA) (Sigma-Aldrich, USA) for 1h at RT. Thereafter, NC
membranes were incubated overnight at 4°C with their
respective primary antibodies: serotransferrin, talin-1, a-
2HS glycoprotein, TTR ,and fibrinogen-a chain with
1:4000 dilution and with horseradish peroxidase- (HRP-)
conjugated anti-mouse secondary antibody (Jackson, USA),
at RT for 1h with 1:8000 dilutions on the gentle shaking
condition. Each membrane was then developed with
enhanced chemiluminescence (ECL) (Thermo Scientific,
Pierce, USA), a highly sensitive substrate detector using the
Chemi-Docyy, MP Imaging system (Bio-Rad, USA). After
each incubation, membranes were washed thrice with wash
buffer (0.05% tween-20 in a phosphate buffer saline).

2.10. Enzyme-Linked Immunosorbent Assay Analysis. The
enzyme-linked immunosorbent assay (ELISA) was carried
out using anti-TTR antibody (ProSci, USA). Plasma samples
were diluted (1 u1/200 pl) using coating buffer comprising
sodium carbonate (Na2CO3, 0.01 M) and sodium bicarbon-
ate (NaHCO3, 0.035 M), pH 9.6. The diluted samples were
dispensed into 96 well microtiter plates (Thermo Scientific,
Nunc, USA) and incubated overnight at 4°C. The plates were
washed thrice using washing buffer containing 0.1% tween-
20 in a phosphate buffer saline (PBS), blocked by 1% of
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bovine serum albumin (BSA, Sigma-Aldrich, USA), and
incubated for 1h at RT. After blocking, wells were washed
and incubated with diluted (1:2000) primary anti-TTR anti-
body (ProSci, USA) for 2 h at RT. Followed by washing, wells
were washed and incubated with diluted (1:1000) HRP-
conjugated secondary anti-mouse antibody (Jackson, USA)
at RT for 1 h. The reactions were developed using orthophe-
nylene diamine (1mg/ml) and stopped by adding 3N
H2SO4. The absorbances were observed at 495 nm via ELISA
reader (Spectra Max Plus 384, molecular devices) as demon-
strated previously [25].

2.11. Peripheral Blood Mononuclear Cell Isolation. The
peripheral blood mononuclear cells (PBMCs) from blood of
CAD and healthy control were isolated using the density gra-
dient reagent. The fresh blood was overlaid on to a density
gradient medium histopaque (Sigma-Aldrich, USA) at RT
and centrifuged at 1500x g for 30min at 25°C by setting
acceleration and deceleration rate at 9 and 3, respectively.
PBMCs were aspirated carefully and diluted in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing 10% fetal
bovine serum (FBS) in 1:1 ratio. After centrifugation at
1500 x g for 10 min at 25°C, the supernatant was decanted,
and pellet was washed with PBS pH7.4, centrifuged again
at 1500 xg for 10min and resuspended into 50ul of 1X
PBS for further use [26].

2.12. Analytical Screening by Fluorescence-Activated Cell
Sorting (FACS). To detect the expression of TTR, the PBMCs
from CAD and healthy control were first washed with 1X
PBS and incubated with 200 pl of cytoperm (BD, Bioscience,
US) fixative for 25 min at 4°C. After centrifugation at 3000 x g
for 5min at RT, nonspecific binding was blocked with 1.5%
BSA (Sigma-Aldrich, USA) for 30 min at 4°C in the dark.
The cells were stained with diluted (1:1000) anti-TTR anti-
body (Santa Cruz Biotech., inc.) and incubated for 2h at
4°C. Followed by washing, cells were allowed to react with
secondary antibody goat anti-Mouse IgG (H+L), Alexa
Fluor® 647 conjugated (Make-Invitrogen), and TTR-
positive stained PBMCs were observed in the FACS machine
(FACS Calibur BD Bioscience). After each step, the cells were
centrifuged and washed thrice using 200 ul 1X PBS [27].

2.13. Immunofluorescence (IF) Analysis. To examine the
localization of TTR, CAD and healthy control PBMCs were
smeared on poly-L-lysine-coated glass slides and air dried.
The cells were fixed using 2% paraformaldehyde (PFA) for
15min at RT. Further, 0.2% triton-x-100 (Sigma, Life Sci-
ence) was applied to permeabilized cells for 15 min, and non-
specific binding was blocked with 2% BSA (Sigma-Aldrich,
USA) for 30 min at RT. Followed by washing, cells were incu-
bated overnight at 4°C with diluted (1:100) primary anti-
human TTR monoclonal antibody (Santa Cruz Biotech.,
inc.) and then with diluted (1:200) secondary antibody
anti-mouse IgG (H+L) Alexa Fluor® 546 conjugated
(Make-Invitrogen) for 1hr at RT. The nuclei of cells were
stained using the 4',6-diamidino-2-phenylindole (DAPI)
reagent onto the slides and air dried in the dark at RT. The
stained immune cells were examined under confocal
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fluorescence microscopy (Leica CRT 6500 fluorescence
microscopy, USA). Samples without anti-TTR were used as
a control for background staining [27].

2.14. In Silico Analysis of TTR. Site localization studies of
TTR were carried out using the SubLoc server (http://www
.bioinfo.tsinghua.edu.cn/SubLoc/) [28]. This server is a local-
ization annotation database having >6000 sequences of pro-
teins. In this server, predictions are made with the help of
the support vector machine (SVM) and protein subcellular
localization prediction tool (PSORT II) program. The
PSORT II server (http://psort.hgc.jp/form2.html) was also
employed in order to determine the TTR location. The
updated version of this server is known as WoLF PSORT.
This server changes the query protein sequence in numerical
localization features. Converted sequence of the protein was
predicted using the k-nearest neighbor classifier [29], and
the MultiLoc server (http://abi.inf.uni-tuebingen.de/Services/
MultiLoc/) was utilized to predict the location of TTR [30].
In the MultiLoc server, predictions are made on the basis
of signal peptide, sequence specific motif, and composition
of amino acid from the already established motif database.
SVM used these sequence features to predict the site of
localization. Expected accuracy of the server in the crossva-
lidation test was found to be ~75%. Also, the “STRING”
pathway online tool was used to find out the interacting
partners of TTR.

2.15. Statistical Analysis. For statistical data analysis, represen-
tative data are shown as mean + SD, and the unpaired ¢-test
was used considering p <0.05 as statistically significant of
at least three experiments. Using receiver operating charac-
teristics (ROC) area under curve (AUC) was calculated to
distinguish healthy control and CAD individual for true pos-
itive and false positive results.

3. Results

3.1. 2-DE Analysis and Protein Identification by MALDI-TOF
MS/MS. In the preliminary phase, the clinical demography of
CAD patients (n = 200) has been presented in Table 1. From
the results of the 2-DE gel study (Figure 1), a total of 26 pro-
tein spots were detected followed by image analysis using
PDQuest image lab software (Bio-Rad) and analyzed densi-
tometrically. The protein spots were marked and normalized
to the total spot intensity in the gel. A threshold of at least
1.5-fold increase or decrease in spot intensity between the
group was considered significant at the p < 0.05 level. The
significant spots were excised for identification. Among 26
protein spots, 19 spots were successfully identified by
MALDI-TOF MS/MS and the mascot search database
(Table 2). It was observed that several spots of the same
accession number were identified for one protein, probably
isoforms resulting from an amino acid substitution and/or
posttranslation modification. Our results thus identified 10
distinct proteins including keratin type-I cytoskeletal 10
(spot, 1), hemopexin (spot, 2 and 3), haptoglobin (spot, 4
and 5), fibrinogen gamma chain (spot, 6), serotransferrin
(spot, 7), alphalantitrypsin (spot, 8-11), fibrinogen alpha

chain (spot, 12 and 13), keratin type- I cytoskeletal 10 (spot,
14,15), apo-lipoprotein A-I (spot, 16), transthyretin (spot,
17), talin-1 (spot, 18), and alpha-2HS glycoprotein (spot,
19) from CAD plasma (Table 2).

Compared to earlier proteomic studies, the identified
proteins are known to be associated with cardiovascular dis-
eases and are described in discussion. Among all the identified
proteins, densitometric analysis of the TTR protein spot
detected was 1.7-fold lower level (p < 0.0004) (Figure 1(b))
in CAD compared to healthy plasma after normalization
described above. Interestingly, a good peptide matches were
obtained across with the percentage sequence coverage by
mass spectrometry analysis (Suppl. Fig S1).

3.2. Western Blot Analysis of Significant Altered Protein. The
most abundant five out of ten distinct proteins were consid-
ered based upon their spot intensity analysis. For initial con-
firmation and validation, CAD individual patients (n=5)
and healthy control (n = 5) plasma samples were screened of
the same age and sex to nullify age-dependent and/or age-
dependent comorbidities. The differential protein level was
validated in few (n = 5) individual samples by Western blot-
ting, and densitometric analysis was carried out by using
Image Lab 5.1 software (Bio-Rad). Results revealed lower level
of four proteins with fold change including serotransferrin
1.1-fold, p < 0.256 (Figure 2(a)), talin-1 1.45-fold, p < 0.0617
(Figure 2(b)), a-2HS glycoprotein 1.31-fold, p<0.0131
(Figure 2(c)), transthyretin 1.5-fold, p < 0.023 (Figure 2(d)),
and higher level of fibrinogen alpha chain with a fold change
of 1.2-fold, p < 0.173 (Figure 2(e)). p value thus indicates that
except TTR and a-2HS glycoprotein proteins, other 3 proteins
were statistically nonsignificant.

Among these two statistically significant low-level differ-
ential proteins, TTR was further confirmed and validated to
determine its significant low-level consistency among ran-
domly picked n =50 CAD patients’ plasma in comparison
to n = 50 healthy control plasma. The densitometric analysis
followed by Western blot revealed a significant lower level of
TTR in more CAD samples that showed a statistical differ-
ence of 1.4-fold, p <0.022 (Figure 2(f)), after normalizing
with actin as a loading control. The second significantly dif-
ferential candidate protein, alpha-2HS glycoprotein, has been
reported to be lower level in the plasma of CAD and has been
found to be associated with a higher mortality risk in CAD
patients [31].

3.3. Validation of Differentially Expressed TTR. To further
confirm the result of TTR in CAD plasma, ELISA and FACS
analysis was carried out. Validation of TTR by ELISA in
CAD (n =200, 170 male and 30 female) plasma showed lower
level with a significant difference of 1.61-fold, (p < 0.0001)
(Figure 3(a)) compared to healthy control. The receiver oper-
ating characteristic curve (ROC) graph was obtained to con-
firm the true positive against the false positive, and the area
under curve (AUC) value was observed to be 0.93
(Figure 3(b)). FACS analysis was carried out by comparing
healthy and CAD stained PBMCs. The percentage value for
TTR positive cells was calculated by the number of cells out
of the parent population (total cells) that showed positive
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FIGUurg 1: Two-dimensional gel electrophoresis of plasma proteins. (a) Representative 2-DE gel image of plasma proteins and 3D view
distinctly indicates the spot intensity of TTR CAD plasma, compared to the healthy control. (b) TTR densitometry analysis indicated low
level in CAD with significant difference 1.7-fold p <0.0004 in comparison to control. The protein spot normalized to the total spot
intensity in the gel. The threshold level for the differential protein level was considered as at least 1.5-fold increase or decrease in spot
intensity that was significant at the p < 0.05 level using Student’s ¢-test. TTR: transthyretin; CAD: coronary artery disease.

staining after gating the unstained cell population in the FACS
dot plot on FL4 window, and the gated cell population was
measured on FL1 using the histogram peaks. The level of
TTR confirms 2-fold lower levels in CAD PBMCs with a per-
centage protein expression of 5.92% as against 13.13% of
healthy controls (Figure 4).

3.4. TTR Interaction and Localization Analysis. The analysis
of interacting partner provided a detailed insight into the
functional significance of TTR in association with other pro-
teins using STRING [32]. The predicted protein-protein inter-
action (PPI) of TTR partner proteins includes apolipoprotein
A-I that have importance in reverse transport of cholesterol
from tissues to the liver and acting as a cofactor for the lecithin
cholesterol acyltransferase (LCAT), apolipoprotein-IV con-
tributes in chylomicrons and very low-density lipoprotein
(VLDL) secretion and catabolism, retinol binding protein-4
(RBP4) delivers retinol from the liver and stores to the periph-
eral tissues, heparan sulfate proteoglycan-2 (HSPG2) interacts
with lipid metabolism by binding with lipoprotein lipase
(LpL), and apolipoprotein-B (Apo-B) has been reported as a
major constituent of atherogenic lipoproteins and plays a sig-
nificant role in association with high-density lipoprotein
(HDL) and low-density lipoprotein (LDL). This PPI analysis
suggests that TTR has an associative role with other disease-
associated proteins which are profoundly well known (Suppl.
Fig S2), and understanding this may highlight that TTR con-
tributes to shared functions in disease state.

The site of TTR localization was therefore identified using
the SubLoc server and revealed that cytoplasm is the localiza-
tion site of TTR with reliability index-1 and expected accuracy

56%. The MultiLoc server also indicated that peroxisome and
cytoplasm as the probable sites of localization (Suppl. Table 1).
The results were verified by the -II server that showed TTR is
having cytoplasmic, nuclear, and cytoskeleton localizations
with accuracy of 60.9%, 13%, and 8.7%, respectively (Suppl.
Table 2). In silico analysis was further confirmed by the
localization site using immunofluorescence analysis resulting
into the conclusion that apart from plasma, TTR shows
varied localization after analyzing total positive cell
intensities with respect to the healthy cells.

The overall positive stained cell intensity showed low
expression of TTR within CAD patient PBMC compared to
healthy control’s total PBMC intensity (Suppl. Fig 4). The
changes in the intracellular TTR expression might cause its
functional inference in CAD. Though localization study
requires further investigation to comprehend the TTR role,
it can be established further to understand the cellular mech-
anism responsible for the downexpression of TTR.

4. Discussion

Early diagnosis of CAD is essential to prevent damage occur-
ring in the arteries during the plaque formation [33]. Report
shows that abnormal regulation of posttranscription, post-
translation, and phosphorylation of proteins is responsible
for deterioration of a disease condition, and understanding
those abnormal protein phosphorylation could be used as a
pathological hallmark of diseases [34]. Thus, in our pre-
liminary studies, we have identified 10 distinct altered
phosphoproteins from CAD plasma, among which Apo-
Al, hemopexin, haptoglobin, and Alpha-antitrypsin have
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TaBLE 2: List of identified proteins from MALDI-TOF MS/MS analyses, which are differentially expressed in plasma of CAD patients with
respect to healthy control. For statistical evaluation, p < 0.05 was used as a significance threshold during the Mascot search database and
uniProt database (http://www.uniprot.org/) that were searched for the protein function. Annotation: MALDI-TOF MS/MS: matrix-
assisted laser desorption/ionization mass spectrometry; M.W.: molecular weight; Da: Dalton.

Spot Proteins Accession M.W. Peptide Score Biolosical functions

no. identified no. (Da) matched &

Keratin type I P13645 59020 4 38 Structural constituent of e.pldermlsf cornlﬁca.non, keratinization, and
cytoskeletal 10 keratinocyte differentiation.

) Hemopexin P02790 52385 3 75 Cellular iron ion homeostasis, ‘Hem.oglf)bm metabolic process, and metal

ion binding.

3 Hemopexin P02790 52385 3 136 Cellular iron ion homeostasis, alor}g Wth the heme metabolic process and

metal ion binding.
Antioxidant activity and hemoglobin-binding protein involved in the acute-

4 Haptoglobin P00738 45861 3 75  phase response and defense response. Additionally, the vital role in negative

regulation of the oxidoreductase activity has been noted.
Antioxidant activity and hemoglobin-binding protein involved in the acute-

5 Haptoglobin P00738 45861 4 91 phase response and defense response. Additionally, the vital role in negative

regulation of the oxidoreductase activity has been noted.

6 Flbrlnoge.n P02671 94971 3 9 Blood coagulation, cell-matrix adhesion, c‘ellulfar protein complex assembly,

alpha chain response to calcium ion.
Cellular iron ion homeostasis and import ferrous iron into the cell.

7 Serotransferrin ~ P02787 79294 2 57 Additionally, transferrin regulates protein stability and transport

transferrin.
Alpha-1-anti It is a well-known inhibitor of serine proteases and has a moderate affinity

8 Ii sin P01009 46878 3 47  for plasmin and thrombin. Additionally, it inhibits trypsin, chymotrypsin,

2l and plasminogen activator.
Alpha-1-anti It is a well-known inhibitor of serine proteases and has a moderate affinity

9 Ii vsin P01009 46878 4 107  for plasmin and thrombin. Additionally, it inhibits trypsin, chymotrypsin,

P and plasminogen activator.
Alpha-1-anti It is a well-known inhibitor of serine proteases and has a moderate affinity

10 I?[ sin P01009 46878 3 90  for plasmin and thrombin. Additionally, it inhibits trypsin, chymotrypsin,

P and plasminogen activator.
Alpha-1-anti It is a well-known inhibitor of serine proteases and has a moderate affinity

11 F; sin P01009 46878 3 61  for plasmin and thrombin. Additionally, it inhibits trypsin, chymotrypsin,

fvp and plasminogen activator.
Fibrinogen- Fibrin has a major function in hemostasis as one of the primary
12 alpha cﬁain P02671 94971 2 70  components of blood clots and wound repair. Additionally, it also guides
P cell migration during reepithelialization.

13 F1br1nogen.- P02679 52106 ) 59 Blood coagulation, cell-matrix adhesion, gellulfir protein complex assembly,

gamma chain response to calcium ion.

14 Keratin type I P13645 59020 8 255 It is a structural constituent of ep1dermls and co?mﬁcat%or‘l that plays role in
cytoskeletal 10 keratinization and keratinocyte differentiation.

15 Keratin type I P13645 59020 4 88 It is a structural constituent of epldermls and coFmﬁcat%or.l that plays role in
cytoskeletal 10 keratinization and keratinocyte differentiation.
Apolipoprotein The major contribution of apo family proteins has been reported in

16 P P;\_Ii P02647 30759 16 98  cholesterol biosynthetic and metabolic process and also involves in high-

density lipoprotein particle modelling.
It is involved in the cellular and retinoid metabolic process with dual

17 Transthyretin ~ P02766 15991 5 80  binding ability. It has also organized extracellular matrix, identical protein

binding, and thyroid hormone binding activities.
Talin-1 plays varied function such as actin filament binding, cadherin

18 Talin-1 Q9Y490 240120 26 45 binding, integrin binding, phosphatidylinositol binding, and

phosphatidylserine binding.
Alpha-2HS-glycoprotein has the potential to involved in the kinase

19 Alpha—ZHs- P02765 64214 12 36 1nh1b1tor activity, cellular protein metabolic process, regulatlon. of

glycoprotein inflammatory response, platelet degranulation, and neutrophil

degranulation.
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FiGure 2: Validation of differential protein level analysis in CAD plasma. Western blot analysis representing altered level of distinctly
identified proteins from CAD plasma. Serotransferrin protein (a), Talin-1 protein (b), Alpha-2HS glycoprotein (c), and TTR (d) showed
low level with a statistical difference of 1.1-fold, p < 0.256; 1.45-fold, p < 0.0617; 1.31-fold, p < 0.0131; and 1.5-fold, p < 0.023, respectively,
in CAD (n=5) compared healthy control (n =5 in each). However, the fibrinogen- « chain protein (e) showed high level in CAD (n =5)
plasma with a statistical difference of 1.2-fold, p < 0.173 compared to healthy control. Similarly, low level of TTR (f) was observed in CAD
(n=50) plasma compared to healthy control (n = 50). Densitometric analysis of band intensities indicates a statistical difference of 1.4-
fold, p < 0.0001, after normalization with actin loading control in CAD plasma compared to healthy control. Data represent mean + SD,
and statistical significance is determined by Student’s ¢-test, p < 0.05.
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F1GURE 3: Validation of TTR in CAD Plasma: (a) The enzyme-linked immunosorbent assay of TTR from plasma of CAD patients (n = 200)
and control (n = 50) indicated significant low level with a 1.61-fold p < 0.0001. (b) The ROC plot indicates the individual protein abundance
of each group with area under curve AUC: 0.930. The statistical significance was determined by Student’s ¢-test, p < 0.05.
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FIGURg 4: FACS histogram of the TTR protein expression in the whole blood cell population: observed percentage of the TTR protein
expression in CAD (5.92%) compared to healthy control (13.13%) indicates the 2-fold downexpression in CAD patients by calculating the
number of cells out of the parent population (total cells) that showed positive staining after gating the unstained cell population.

been reported to be associated with acute coronary syn-
drome [35]. The other 5 proteins including serotransferrin,
talin-1, a-2HS glycoprotein, fibrinogen alpha chain, and
transthyretin not being studied well with respect to CAD
considered for further validation in CAD plasma. As the
molecular events in CAD are diverse and remain to be
clearly understood, identification of these altered proteins
in angiography-approved CAD patient’s plasma may add
value in understanding their role in disease.

Serotransferrin, an iron binding transporter protein,
involved in tumor development, promotes endothelial cell
migration and invasion [36]. Its lower level in rheumatic val-
vular disease (RVD) patients’ plasma advances pathogenicity
[37], similar to our studies indicating that serotransferrin
may have association with CAD.

Talin-1, an important structural protein, mediates integ-
rin activation [38] and maintains immune homeostasis [39].
Lower level of Talin-1 in CVD is associated with proliferation

of vascular smooth muscle cells [40, 41] and may lead to the
CAD progression as per present results.

Alpha-2HS, phosphorylated glycoprotein/fetuin-A, is
known to participate in the antifibrotic activity, and its lower
levels found to be associated with impaired coronary flow in
ST-segment elevation myocardial infarction patients [42]
apart from playing multiple roles in diabetes mellitus, CVDs,
and rheumatoid arthritis [25, 31, 43]. Likewise, its lower level
in our studies may limit the cardiac function, hence disease
progression.

Fibrinogen, an acute-phase proinflammatory mediator,
elevated in CVD, involves in blood clotting [44] and is also
elevated in CAD similar to our studies, associated with ath-
erosclerosis [45].

TTR, carrier protein, binds to retinol (vitamin A) and
thyroxin (T,) to facilitate the biological function [21]. Role
of TTR remains elusive in CAD pathophysiology. To our
knowledge, till now, there is no/negligible proteomic study
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regarding identification of the phosphorylated protein in
combination of analyzing the differential proteome of CAD
and validation of TTR in 200 samples collected prior to PCI
treatment. However, lower level of serum prealbumin caus-
ing adverse cardiac event in existed ACS patients was
observed earlier [46]. Also, different levels of TTR in other
disease like familial amyloid [47], senile systemic amyloidosis
and schizophrenia [48], and its altered level in human carotid
atherosclerotic tissues were also reported [49]. But the under-
lying mechanism of altered level in disease remains to be
revealed. Our study revealed low level of TTR in CAD plasma
by 2-DE, Western, ELISA, FACS, and by in silico analysis.
ROC analysis determines the variability in the TTR level
among CAD individuals, and the flow cytometry analysis
confirmed 2-fold lower level of TTR in PBMCs isolated from
CAD plasma (Figure 4). Thus, the altered pattern of TTR at
cellular levels may specify it as a disease indicator, suggesting
that its alter behavior might have an associative role with cir-
culating monocytes and lymphocyte cells.

It is known that proteins can interact directly or indi-
rectly via sharing a metabolic pathway or by regulating each
other transcriptionally for functional signification [32].
Therefore, to elucidate the predictive functional importance
of TTR, protein-protein interaction (PPI) was performed
using STRING analysis indicating that TTR is sharing inter-
action with the apolipoprotein family that are profoundly
associated with CAD (Suppl. Fig S2) and plays a key role in
cholesterol transport mechanism [50, 51]. Additionally, we
have also observed that, apart from plasma, the altered level
of TTR in cytoplasm together with different numbers of
TTR-positive stained cells (Suppl. Fig S4) may indicate an
important event in CAD pathogenesis.

Although localization study requires further investiga-
tion to comprehend the TTR role, the immunofluorescence
(IF) result (supple. Fig 4) confirmed the predictive presence
of TTR in different cells, may provide a clue towards the
involvement of TTR in particular cell subtypes of PBMCs,
and might have an association with CAD. Localization abun-
dance of TTR in CAD may also be possible due to its
receptor-mediated uptake and intracellular interaction with
apolipoprotein A-I (Apo-Al) via high-density lipoprotein
(HDL) or low-density lipoprotein (LDL) [52]. TTR possesses
secretary property, and its sequence analysis indicated the
presence of signal peptide that is confined to a cleavage site
and may introduce amyloid formation (Suppl. Fig S3). It is
also reported to bind and destabilized the Apo A-I structure,
promoting cholesterol efflux from cells causing aggregation
and/or amyloid depositions and inducing cytotoxicity [50].
It might have occurred due to consequent dissociation and
variation in the TTR structure, causing extracellular protein-
aceous deposition preferentially in cardiac tissues and coro-
nary arteries [53, 54]. Evidently, altogether, it may cause
alteration in the TTR level, and analyzing this may partake
functional implication in CAD disease.

Despite several studies, the molecular pathway between
TTR and its differential mechanism in angiography-
approved CAD is still obscure. As we have observed low
plasma TTR in CAD patients who has undergone PCI treat-
ment, it may have its own clinical significance, although the

Mediators of Inflammation

validation with larger sample size is necessary to define the
precise role of TTR in CAD pathophysiology to enlighten a
novel insight into the disease mechanisms.

5. Conclusion

In the current study, consistent and significant low level of
TTR in angiography-approved 200 CAD plasma may predict
disease severity. It is therefore suggested that low level of TTR
requires further investigation in larger sample size to deter-
mine the clinical significance that may consider to serve as
a tool for CAD screening and therapeutic target.
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