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Abstract
Objective
These eighty proteins have been identified to be connected with cardiovascular pathology
in the past, and the purpose of this study paper is employing proteomic profiling of these proteins
in order to discover new risk factors for heart failure or heart failure in general.
Materials and Methods
Analyses of the proximity extension (Proteomic profiling) has been performed in two
different communities with varying cohorts in the elderly at the baseline in the absence of cardiac
failure. The prospective of the research were Prospective Investigation of the Vasculature (P1V)
and Longitudinal Study of Adult Men (LSAM) having respective values (80 events, median age =
70.2 years, n = 901) and (90 events, median age = 77.8 years, n = 685). Incident of heart failure
was associated with 29 proteins as observed in PIV with adjusted sex and age. Corrections were
made after multiple tests. In LSAM there were 18 proteins associated with heart failure. High level
of 9 proteins were related to the incident of heart failure among both the cohorts. There were
additional modifications made to the established risk variables. There was a deficit in the left
ventricular systolic function that was found to be associated with the presence of growth
differentiation factor 15 (GDF-15), urokinase-type plasminogen activator surface receptor (U-
PAR), matrix metalloproteinase-12 (MMP-12), tumour necrosis factor-related apoptosis-inducing
ligand receptor 2 (TRAIL-R2), spondin-1 (SPONL1), and follistatin (FS). This was discovered
through echocardiographic monitoring. Each and every one of the P values was lower than 0.02.
Results
The final characteristics of PIV included median age of 70 years among a total of 901
participants. In LSAM the characteristic showed median age of 78 years among 685 participants.
During follow-up among PIV the age range was 0.1-10.9 years with a median of 10 years, 80
hospitalizations due to heart failure with a heart failure rate of 0.96 among 100 persons. There
were 90 hospitalisations for heart failure among LSAM, the age range was 0.2-10.9 years with a
median of 8 years, and the heart failure rate was 1.83 per 100 people. False discovery rate among
PIV was 5% with the association of 29 proteins after adjusted sex and age. Among LSAM the
association of 18 proteins was nominal for the incident of heart failure.
Conclusion
Several novel associations for the involvement of proteins in fibrinolysis, apoptosis,
inflammation, matrix remodeling and heart failure were identified through Proteomic profiling in
the research study among elderly. The outcomes of this research also correspond to other
investigations that studied underlying clinical utilities and mechanisms.
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HEYJIAYA OINPEAEJEHUA IIPOTEOMHOI'O ITIPO®UJINPOBAHUA
CEPJALIA

Pe3srome

B npouuioM ObIIO YCTAaHOBIIEHO, YTO 3TH BOCEMbJIECAT OEJIKOB CBSI3aHBI C CEPJACUHO-
COCYZIMCTOM NaTOJIOTHeH, U 11eJIbIO TaHHOM UCCIIeA0BaTEIbCKOM PaOOTHI SBJIS €TCS MCIOIb30BaHUE
MIPOTEOMHOT0 NMPO(PUINPOBAHUS ITUX OENKOB C LEIbI0 OOHApy>KEHUs HOBBIX (PaKTOPOB pHCKa
CEpACUHON HEJOCTATOYHOCTH MJIM CEPICYHON HEAOCTATOYHOCTH B 1I€JIOM.

MarepunaJibl H METO/BI

Ananmu3 pacmmpeHus O1M30cTH (MIPOTEOMHOE NPOGHIMPOBAHME) MPOBOIMICS B JIBYX
Pa3sHBIX COOOILECTBAX C pPa3HbIMU KOropTaMM IMOXHIBIX JIIOJEH Ha HCXOJHOM YpPOBHE IpH
OTCYTCTBUM  CepleyHoi  HenocraToyHocTH.  IlepcnexktuBamMu — uccienoBaHus — ObUIM
«IIpocnektuBHOE wuccienoBanue cocynucro cern» (PIV) m «lIpomonbHoe wucciemoBaHue
B3pocabix Myxuun» (LSAM), umerommue cootBeTcTBytomue 3HadeHus (80 coObITHH, cpeaHuit
Bo3pact = 70,2 rona, n = 901) u (90 cobwrThii, cpequuit Bo3pact = 77,8 ner). , n = 685). Cnyuan
CepACUHON HEA0CTaTOYHOCTH ObLIM CBsi3aHbl ¢ 29 Oenkamu, HabmonaembiMu ipu PIV ¢ yuetom
moJsia U Bo3pacrta. McrpaBieHust ObIIIM BHECEHBI ITOCTIE MHOTOUYHMCIIEHHBIX ucnbiTanuid. B LSAM
6bu10 18 OenKoB, CBSI3aHHBIX C CEPAEYHON HEJOCTaTOUHOCThIO. BhicOKuil ypoBeHb 9 6enkoB ObLI
CBSI3aH C BO3HUMKHOBEHHEM CEpJEYHOM HEAOCTaTOYHOCTH B 00€UX KOropTax. bbuiu BHecCeHbI
JIOTIOJIHUTENIbHbIE W3MEHEHHs B YCTAHOBJICHHBIE TEpPEMEHHbIE pHCKa. BhIsBIEHO HapyleHHe
CHUCTOJIMYECKOM (YHKIMM JIEBOTO KEIyAOYKa, UTO CBS3aHO C HaimuuueM (akropa
muddepentupoBku pocra 15 (GDF-15), moBepXHOCTHOTO pelenTopa akTuBaTopa nia3MUHOreHa
ypokunazuoro tumna (U-PAR), maTtpukchHoit MetamtonpotenHasbi-12 (MMP- 12), murana-
perenTtop 2, MHAYIUPYIOIINA arnonTo3, CBA3aHHbIA ¢ pakTopom Hekposa onmyxomn (TRAIL-R2),
cnouauH-1  (SPON1) wu  dommucratua  (FS). D10 Obuio  0OHApYXEHO TMOCPEICTBOM
aXoKapauorpaduaeckoro Monutopunra. Kaxmnoe u3 3Hauenuit P 6su1o Hxke 0,02.

IHosry4eHHbIe pe3y1bTaThl

OxonuarenbHble XapakTepuctuku PIV Bxmouanu cpegnuit Bozpact 70 jer cpenu 901
yuactHuKa. B LSAM cpennuii BozpacTt 685 yuyacTHUKOB cocTaBuil 78 neT. 3a BpeMs HaOIo1eHNs
3a PIV Bo3pactHoit auana3on coctaBuia 0,1-10,9 rona npu menuane 10 net, 80 rocnuranu3zanuit
I10 ITIOBOAY CEpPACYHOM HENOCTaTOYHOCTU C Y4aCTOTOM cepaedHoi HepocrtatouHoctd 0,96 Ha 100
yenoeK. Cpenn LSAM 6110 90 rocnuranus3anuil mo moBoay CEpAEYHON HEIOCTaTOYHOCTH,
BO3pacTHOM auana3on cocraBisn 0,2-10,9 roma nmpu memuane § JeT, a 4acTOTa CEpIEYHOM
HeznocTaTouHOCTH cocTaBmia 1,83 Ha 100 yenoBek. YacToTa J10)KHBIX 0OHapy:keHul cpeau PIV
cocraBuia 5% npu accounanuu 29 6eIKoB nociie KOPPEeKTUPOBKH moJia u Bo3pacta. Cpenu LSAM
accoruanus 18 0eiaxoB Oblila HOMUHAJIBHOM /111 BOSHUKHOBEHUS CEPJ€UHON HE0CTaTOUHOCTH.

3aki0ueHue

Heckonmbko HOBBIX CBsI3€H C ydacTHeM O€IKOB B (pMOpHMHOIM3E, allONTO3€, BOCIAICHUH,
PEMOJIETTMPOBAHNN MAaTPUKCAa U CEpIEYHON HEJOCTATOYHOCTH ObUIM BBIABICHBI C ITOMOIIBIO
MIPOTEOMHOT0 MPO(UIMPOBAHUS B HMCCIECIOBAHUHM CPEO MOXKWIBIX JToJel. Pe3ynbraTsl 3TOro
UCCIIEZIOBAHUS TAaKXe€ COOTBETCTBYIOT JIPYTMM HCCIEIOBAaHUAM, HW3Y4YaBIIMM OCHOBHBIE
KIMHUYECKHE TPEUMYIIECTBA U MEXaHU3MBI.
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KutoueBble cj10Ba: 5MUIeMHONIOTHS, CEpACYHAS HENOCTATOYHOCTh, TUCHYHKIUS JIEBOTO
Key104Ka, TPOrHO3UPOBAHUE PUCKA, IPOTEOMHUKA U OHOMapKEPHI.

INTRODUCTION

Heart failure has gained serious attention globally as a major health issue which requires
serious attention for the identification of associated risk factors among individuals along with the
investigation of preventive and therapeutic strategies [1]. Insufficient attention has been paid to
the most important guidelines for cardiovascular prevention, which are designed to assist in the
prediction of heart failure and the processes that underlie it [2, 3]. Despite all efforts, the
development of heart failure remains a mystery. The underlying pathophysiology requires
innovative investigations via risk assessment of heart failure by identifying linked biomarkers.
Few associated biomarkers highlighted in the last few decades include GDF-15 and U-PAR [4, 5].
These only indicate general risk beyond cardiovascular risk variables and NT-proBNP [6]. This
study sought to confirm the link between heart failure and 80 cardiovascular disease-associated
proteins. The research also assesses the association of proteins with the improved prediction of
heart failure that is beyond established factors among elderly as study in two studies PIV and
LSAM. The research also sought to link left ventricular systolic and diastolic echocardiographic
indices to proteins.

MATERIALS AND METHODS

Proximity extension assay (Proteomic profiling) has been performed in two different
communities with varying cohorts in the elderly at the baseline without heart failure. The potential
outcomes of the research were the Prospective Investigation of the Vasculature (P1V) and the
Longitudinal Study of Adult Men (LSAM), with respective values of (80 events, median age =
70.2 years, n = 901) and (90 events, median age = 77.8 years, n = 685 individuals). A total of 29
proteins were shown to be linked with the occurrence of heart failure in the PIV study, with age
and gender being controlled for. After conducting a number of tests, adjustments were made. In
LSAM there were Eighteen proteins that are linked to severe cardiac failure. High level of 9
proteins were related to the incident of heart failure among both the cohorts. Known risk variables
were also altered. Growth differentiation factor The parameters 15 (GDF-15), U-PAR, MMP-12,
TRAIL-R2, SPON1, and FS were shown to be linked with a decrease in the left ventricular systolic
function on echocardiograms. The P-value for all was <0.02.

Clinical assessment was conducted for the participants of the PIV participants among
which 50.2% were at the age of 70 years. We did not include all the participants who were missing
for prevalent heart failure, missing plasma samples, missing protein data, low quality protein data
and missing model covariates. Final research sample was limited to 685 for LSAM and 901 for
PIV. Overnight fasting was observed before the clinical investigation conducted in the morning.

The samples of venous blood were kept at a temperature of -700C. Standard methods were
utilized for anthropometry, blood pressure, lipid, glucose, biochemistry, echocardiography and
electrocardiogram. Tabulated data was also prepared for medical history, medications and
smoking habits. Both the cohorts were also assessed for the the presence of atrial fibrillation and
left ventricular hypertrophy through electrocardiograph. Plasma samples were collected from PIV
and serum from LSAM which were assessed with Proseek Multiplex CVD proximity extension
assay [9]. The assay used specific antibodies to simultaneously measure 92 proteins by creating
polymerase chain reaction which followed quantitative polymerase chain reaction [10]. Mean was
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set to zero to level protein by normalizing the plate. Subsequent analysis of the relative values was
also made for protein level deviation within storage time and each plate. Missing measurements
in each cohort were not made the part of this study. Lower limit detected values were imputed to
half of the lower detected limit. Supplementary material included the details about the excluded
and imputed proteins. Study design was not influenced by the manufacturer of the protein assay
even in the manuscript preparation and statistical analysis.

RESULTS

The baseline data was blinded for the physicians for the hospitalized cases of heart failure
and discharged patients [11]. According to the European society the classified events of heart
failure are questionable, definite and miscoded. The final characteristics of PIV included median
age of 70 years among a total of 901 participants. In LSAM the characteristic showed median age
of 78 yearsamong 685 participants. During follow-up among P1V the age range was 0.1-10.9 years
with a median of 10 years, 80 hospitalizations due to heart failure with a heart failure rate of 0.96
among 100 persons. Among LSAM there were 90 hospitalizations due to heart failure the age
range was 0.2-10.9 years with a median of 8 years and the heart failure rate was 1.83 among 100
persons. False discovery rate among P1V was 5% with the association of 29 proteins after adjusted
sex and age. Among LSAM the association of 18 proteins was nominal for the incident of heart
failure. Major extent of most of the proteins has no association with the onset of heart failure risk
factors and heart failure was also not influenced with proteins. NT-proBNP remained significant
heart failure predictor when added to the adjusted nine proteins TIM-1. U-PAR, OPG and MMP-
12. Follow-up outcomes showed that a total of 114 patients suffered non-ischaemic heart failure.
There was an independent association of higher levels of ST2, MMP-12, TIM-1 and FS with the
higher risk of non-ischaemic heart failure.

Table — I: Clinical Baseline Characteristics

Parameter Unit PI1V (901) LSAM (685)
Age, years Years 70.2 77.8
Gender Male 444 685
BMI Kg/M? 27 26.2
LDL-C Mmol/L 34 35
HDL-C Mmol/L 1.5 1.3
Fasting glucose Mmol/L 5.9 5.8
Triglycerides Mmol/L 1.1 1.2
Systolic blood pressure Mmhg 150 151
Diastolic blood pressure Mmhg 79 81
Glomerular filtration rate MI/Min/1.73M? 93 74
NT-proBNPa Mmol/L 109 N/A
Isovolumic relaxation time Ms 121 N/A
Ejection fraction % 67 N/A
Table — I1: Baseline Parameters for Heart Failure

Parameter P1V (901) LSAM (685)

Current smoker 94 54
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Left ventricular hypertrophy 107 204
Lipid-lowering medication 137 111
Blood pressure-lowering medication 269 311
Myocardial infarction before start of study 52 69
Atrial fibrillation before start of study 145 45
Type 2 diabetes before start of study 105 90
Treated with insulin 15 5
Treated with oral antidiabetics 56 51

Treated with oral antidiabetics ————" 5%
Treated with insulin ke’ 15
Type 2 diabetes before start of study ————2" 1s
Atrial fibrillation before start of study el e— 145
Myocardial infarction before start of study E——%;
Blood pressure-1owering medi cati on s —
Lipid-lowering medication Ml 137
Left ventricular hypertrophy T 204
Current smoker St o

0 50 100 150 200 250 300
LSAM (685) =PIV (901)

DISCUSSION

Researchers also examined the cross-sectional link between nine proteins, diastolic
baseline function, and left ventricular systolic echocardiographic parameters in PIV alone. When
sex and age are adjusted, worsened systolic function is associated with greater levels of SPONL,
TRAIL-R2, MMP-12, U-PAR, and GDF-15, while worsened diastolic function is associated with
TIM-1. During random training part of the 915 persons through Lasso regression optimum addition
of the risk factors was noted in 24 and 11 protein set with ARIC score included and excluded for
NT-proBNP levels. Model excluded for NT-proBNP in the sample size of 457 individuals for
validation there was a significant risk factors prediction improvement with the addition of protein
data (C 0.751-0.852, 95% confidence interval 0.030-0.173, P-value <0.001). There was no
significant improvement in the model which included NT-proBNP with the addition of protein
markers (C 0.821-0.841, 95% P-value 0.06, Delta-C 0.020, confidence interval -0.027-0.068.
Proteomic screening of two older cohorts found 18 proteins linked to heart failure. The
independent association with the risk factors was observed among nine proteins which include
ST2, OPG, U-Par, FS, MMP-12 and SPONL1. The independent association of proteins with the
onset of non-ischaemic heart failure was observed in ST2, MMP-12 and TIM-1. Worsened systolic
function was associated with SPON1, TRAIL-R2, MMP-12, U-PAR and GDF-15. Worsened
diastolic function was associated with TIM-1. This research model excluded NT-proBNP
proteomics data that enhanced risk prediction on recognised parameters.

CONCLUSION

Several novel associations for the involvement of proteins in fibrinolysis, apoptosis,
inflammation, matrix remodeling and heart failure were identified through Proteomic profiling in
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the

research study among elderly. The outcomes of this research also correspond to other

investigations that studied underlying clinical utilities and mechanisms. More research on
proteome profiling in clinical practice will boost heart failure reporting.
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