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Effects of perilipin-5 on lipid metabolism and
high-sensitivity cardiac troponin |
Ibrahim Ethem!®, Ceyhan Hacioglu®2*

SUMMARY

OBJECTIVE: Heart attack is one of the most common causes of sudden death in adults. Therefore, early detection of heart attack and investigation
of potential new biomarkers are of great importance. We investigated whether perilipin-5 is a potential biomarker by examining changes in perilipin-5
serum levels along with high-sensitivity cardiac troponin | during a heart attack.

METHODS: The subjects were divided into two groups: (1) control group and (2) patients with heart attack, with 150 people in each group. High-
sensitivity cardiac troponin |, perilipin-5, total oxidant status, malondialdehyde, reduced glutathione, and superoxide dismutase levels in serum samples
were measured. In addition, perilipin-5 mRNA expressions and protein levels were analyzed.

RESULTS: There was no overall statistical difference between the demographic characteristics of the groups. However, high-density lipoprotein,
creatine kinase, Creatine kinase myocardial band, aspartate amino transferase, lactate dehydrogenase, and calcium levels were higher in the heart
attack group compared to the control group. We found that the high-sensitivity cardiac troponin | and perilipin-5 levels increased in the patients
with heart attack (p<0.0001) compared to control. Although there was an insignificant increase in malondialdehyde levels in the heart attack group
(p>0.05), there was a 35.9% increase in total oxidant status levels and a 33.5 and 24.1% decrease in glutathione and superoxide dismutase levels,
respectively (p<0.01), compared to control. Perilipin-5 mRNA and protein levels in heart attack patients increased by 48.2 and 23.6%, respectively,
compared to the control group (p<0.01).

CONCLUSION: Our results showed that perilipin-5 together with high-sensitivity cardiac troponin | could be a promising biomarker in heart attack.
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INTRODUCTION

Cardiac troponins (cT'ns) and creatine kinase (CK) MB are
the most sensitive and specific biochemical markers used in
the diagnosis of myocardial damage, cardiac risk stratification,
and prognosis'. cTns are protein structures responsible for per-
forming the physiological functions of the heart muscle?. In
the presence of myocardial damage, serum cT'n levels are above
the reference range’. In addition, elevated troponin levels are
universally an important component of the diagnosis and treat-
ment of heart conditions, such as myocardial infarction (MI),
coronary syndrome, and cardiac ischemia.

High cT'nslevels can be caused by various non-coronary causes,
such as alkaline-phosphatase interaction, fibrin interaction, hemo-
lysis, kidney failure, and instrumentation failure*. Along with ana-
lytical improvements, high-sensitivity ¢Tn (hs-cTn) allows early
detection of cardiomyocyte damage accurately at lower levels and
ina shorter time®. Although hs-cTn values are important in terms
of diagnosis and prognosis, they may lead to elevated hs-cT'n and

false-positive results in many cardiac and non-cardiac failures®.

In most tissues, fatty acids (FAs) are converted to triacyl-
glycerol (TAG) and stored as lipid droplets (LDs), comprising a
single layer of phospholipid’. Perilipin (PLIN) family proteins,
which have a tissue-specific expression, consist of five members
(i.e., PLIN1, PLIN, PLIN3, PLIN4, and PLIN5) with ~100
amino acid sequence homology at the N-terminals®. Of these,
PLINS5 plays a significant role in regulating FA metabolism in
oxidative tissues, such as the heart, liver, and skeletal muscle’.
In in vivo study, PLINS expression, which enables the storage
of LDs in the heart under normal physiological conditions,
was shown to cause an increase in pathological conditions and
abnormal lipid accumulation in the heart'.

Biomarkers, such as CK-MB, troponins, and lactate dehy-
drogenase (LDH), which cause an increase in serum with car-
diomyocyte damage accompanying a heart attack, sometimes
cause false-positive results. This case prevents the detection of
the current situation or causes misdiagnosis. Since PLIN5 is a
heart-specific molecule, it is possible to expect an increase in

serum levels with cellular damage during heart attack once other

'Dulzce University, Faculty of Medicine, Department of Medical Biochemistry - Diizce, Turkey.
?Duizce University, Faculty of Pharmacy, Department of Medical Biochemistry - Dizce, Turkey.

*Corresponding author: ceyhanhacioglu@duzce.edu.tr

Conflicts of interest: the authors declare there is no conflicts of interest. Funding: none.

Received on April 07,2022. Accepted on May 06, 2022.

1011
Rev Assoc Med Bras 2022;68(8):1011-1016


https://orcid.org/0000-0003-3745-7015
https://orcid.org/0000-0002-0993-6118
mailto:ceyhanhacioglu@duzce.edu.tr
https://doi.org/10.1590/1806-9282.20211377

Perilipin 5 and high-sensitivity cardiac troponin |

conditions (as stated in the exclusion criteria) that may cause
interference are eliminated. Thus, in this study, we hypothesized
that PLINS levels during heart attack increased and released
into the circulation with myocardial damage.

METHODS

This study included 300 subjects (age median [min—max]:
45 [36-58] years) who visited Duzce University Medical
Faculty Hospital in the period January to November 2019.
The subjects are divided into two groups, with 150 partic-
ipants in each group: (1) control group (healthy subjects)
and (2) patients with heart attack. Subjects in Group 1 were
selected from those who came to the hospital for routine
control, had no acute or chronic disease, and were not pre-
viously diagnosed with the disease or were not using drug.
In Group 2, we included patients who are over 30 years old
and who have had a heart attack suspicion with chest pain
(acute MI) applied to the emergency department 6 h after
symptom onset. Patients with heart attacks coming to the
emergency department with clinical symptoms were identi-
fied by surface electrocardiogram (ECG) and/or biochemi-
cally cardiac biomarkers. In the diagnostic criteria, there was
chest pain lasting for about an hour, the Q-wave was 25%
wider than the R wave, and the ST elevation was greater
than 1 mm on ECG. According to ECG and biochemistry
results, 150 patients with non-ST-elevation MI were included
in the study. All subjects were informed verbally and in writ-
ing about the experimental design and possible risks and vol-
untarily included in the study. The Clinical Research Ethics
Committee of the Duzce University approved the study pro-
tocol (no: 2019/273), and the study was carried out following
the current Helsinki Declaration and Good Clinical Practice
principles. Informed consent was obtained from the patients
included in the study.

The blood samples were centrifuged at 5000xg for 10 min
at room temperature and then routine biochemistry analyses
[i.e., glucose, total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglycerides, CK, CK-MB,
aspartate amino transferase (AST), alanine amino transferase
(ALT), gamma-glutamyl transferase (GGT), LDH, creatinine,
blood urea nitrogen (BUN), urea, calcium, alkaline phosphatase
(ALP), and total bilirubin) were performed using the Cobas
600 autoanalysis. hs-cTnl levels were measured using Elecsys
2010 system (Roche Diagnostics, Germany).

The PLINS levels in serum samples were measured with
Uscn Life Sciences PLIN5 ELISA kit according to the man-
ufacturer’s instructions (ELISA Kit for PLIN5 — Human

SEE039Hu). Absorbance reading was done on Chromate 4300
brand ELISA reader device.

Malondialdehyde (MDA), total oxidant status (TOS), reduced
glutathione (GSH), and copper/zinc superoxide dismutase (Cu/
Zn SOD) levels in serum samples were determined using a
commercially available (LS-F27741, Rel Assay Diagnostics,
MBS265674 and BMS222, respectively). Measurements were
made colorimetrically with a microplate reader according to
the manufacturer’s instructions.

Perilipin-5 (PLIN5) expression and protein levels were
analyzed by quantitative real-time reverse transcription-poly-
merase chain reaction (RT-PCR) and Western blot analyses,
respectively, in whole blood samples according to our previous
work'!. The PLIN5 and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) primers were as follows:

PLINS forward 5-TGT GCA CAG TGC AGC CGA
GGA-3" and PLINS5 reverse 5'-GCT GCA CGA GCA AGG
GAA GAC-3'; GAPDH forward 5'-AGC CAC ATC GCT
CAG ACA C-3' and GAPDH reverse 5-GCC CAATAC GAC
CAA ATC C-3'. The fold changes in PLIN5 and GAPDH
mRNA levels were determined according to the 224" formula
after amplification. The GAPDH mRNA levels were used as
an internal standard.

Two independent samples t-test was used for univariate
analyses as well as for normally distributed variables. Pearson’s
chi-square test was used for the analysis of categorical data. A
p-value <0.05 was considered statistically significant. Results
were analyzed using the GraphPad Prism software 7 (GraphPad
Software, San Diego, CA, USA).

RESULTS

The demographic characteristics and biochemistry results
of the subjects are shown in Table 1. We found that HDL,
CK-MB, AST, and calcium levels in the patients with heart
attack were higher than in the control group (p<0.01). There
was an increase in HDL, CK, CK-MB, AST, LDH, and calcium
levels in Group 2 (35.8, 27.9, 644.5, 73.7, 41.8, and 87.5%,
respectively) compared to the control group.

The patients with heart attack showed a significant increase
in hs-cTnl levels compared to the control group (Figure 1). In
the patients with heart attack, an increase in hs-cTnl levels is
accompanied by an increase in serum PLINS levels (Figures
1A, B). The enhancement in hs-cTnl and PLINS levels in the
patients with heart attack was 1361 and 58.2%, respectively,
compared to the control group (p<0.0001). In addition, hs-cTnl
and PLINS levels showed a positive correlation in both Group
1 and Group 2 (r=0.714; p<0.01).
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Table 1. Basic characteristics and biochemical parameters of the subjects.

Control group Patients with heart attack value
(n=150) (n=150) -

Age? 45 (37-58) 41 (36-55) <0.01
Male’ 50 (58) 50 (50) >0.05
Female® 50 (42) 50 (50) >0.05
Body mass index 25+2.51 24+1.08 >0.05
Glucose (mg/dl) 80.45+5.72 78.52+6.09 >0.05
Total cholesterol (mg/dl) 153.44+26.84 155.61+21.38 >0.05
HDL (mg/dl) 39.81+4.95 53.36+2.58 <0.01
LDL (mg/dl) 50.33+12.91 51.06+13.82 >0.05
Triglycerides (mg/dl) 104.68+21.75 106.24+20.56 >0.05
Creatine kinase (CK) 79.92+11.61 101.42+15.84 <0.01
CK-MB (IU/L) 8.62+4.95 58.11+£8.25 <0.01
AST (U/mL) 15.48+10.53 26.69+8.06 <0.01
ALT (U/mL) 19.24+8.15 20.36+5.65 >0.05
GGT (U/L) 38.51+£10.18 40.42+11.17 >0.05
LDH (U/L) 177.39+£21.64 248.55+17.49 <0.01
Creatinine (mg/dl) 0.7+£0.14 0.8+0.25 >0.05
BUN (mg/dl) 13.62+5.08 12.75£3.71 >0.05
Urea (mg/dl) 27.13+4.15 28.59+6.12 >0.05
Calcium (mg/dl) 8.04+1.67 15.02+3.84 <0.01
ALP (U/L) 71.35+16.58 69.55+6.43 >0.05
Total bilirubin (mg/dl) 0.61+0.14 0.58+011 >0.05
#Numbers are presented as median. 'Numbers are presented as (%).
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Figure 1. hs-cTnl and PLIN5 levels during heart attack. (A) hs-cTnl levels, (B) PLIN5 levels, (C) PLIN5S mRNA levels, (D) PLIN5 protein levels. Group
1: Control group. Group 2: Patients with heart attack. hs-cTnl: high-sensitivity cardiac troponin |; PLIN5: perilipin-5; GAPDH: glyceraldehyde
3-phosphate dehydrogenase.
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Perilipin-5 (PLIN5) mRNA levels in Group 1 and Group 2
were measured by RT-PCR. PLIN5 mRNA levels in the Group
2 were significantly higher than that in Group 1 (Figure 1C).
PLINS5 mRNA levels in the patients with heart attack increased
by 48.2% compared to the control group (p<0.01). PLIN5
protein levels in healthy subjects (Group 1) and heart attack
patients (Group 2) were visualized by Western blot analysis. We
found a significant increase in PLIN5 protein levels in Group
2 compared to the Group 1 (Figure 1D).

The TOS and MDA levels in both Group 1 and Group 2
were shown in Figure 2. TOS levels in the patients with heart
attack demonstrated a statistically significant increase of 35.9%
compared to the control group (p<0.01; Figure 2A). The MDA
levels in the patients with heart attack showed a statistically
insignificant increase of 3.7% compared to the control group
(p>0.05; Figure 2B). In addition, patients with heart attack in

Group 2 exhibited statistically a decrease in GSH and SOD
levels by 33.5 and 24.1%, respectively, compared to the con-
trol group (p<0.01; Figures 2C, D).

DISCUSSION

One of the key findings of this research was that the expression
levels of PLINS during heart attacks increased with hs-cTnl.
Since the increase in hs-cT'nl levels was also accompanied by
increased serum PLINS levels, it is reasonable to say that PLIN5
may be important for detecting cardiac damage status. It is also
suggested that despite increased oxidative stress during a heart
attack, the lack of an insignificant increase in MDA levels was
due to the increase in PLIN5 levels.

Perilipin-5 (PLINS5) has an important role in maintaining

heart functions by providing the energy balance of the heart™.
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TOS: total oxidant status; MDA: malondialdehyde; GSH: reduced glutathione; SOD: superoxide dismutase. '(p<0.01 compared to the control group.
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Figure 2. Oxidation and antioxidant levels during heart attack. (A) TOS levels, (B) MDA levels, (C) GSH levels, (D) SOD levels. Group 1: Control

group. Group 2: Patients with heart attack.
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Wang et al. demonstrated that the increase in PLIN5 expres-
sion levels in cardiac diseases regulated cardiac energy metab-
olism by stabilizing cardiac lipid droplets®. In addition, heart
function and metabolism in PLIN5-deificied mice decreased
significantly after M1, accompanied by significantly decreased
survival". In this study, we showed that PLINS expression
levels increased in patients with heart attacks, and circulating
PLINS levels enhanced with cardiac damage.

High-sensitivity cardiac troponin I (hs-cTnl), which is free
in myocyte cytosol and bound to myofilaments, is released into
the circulation after myocyte damage caused by various heart
diseases’. The presence of heterophile antibodies and auto-anti-
bodies in serum may affect the analysis process, leading to false
hs-cTnl quantification'®. In this study, we found that patients
with heart attack showed an increase in hs-cTnl and PLIN5
levels. This suggested that PLINS levels in the serum increased
with cardiac damage, because the subjects involved in this study
did not have muscle or liver disease. Besides, combined results
of blood analysis indicated a high positive correlation between
PLINS and hs-cTnl. According to our results, when hs-cTnl
and PLINS results were evaluated together, we clearly found
that PLINS5 expression levels were increased in all patients with
heart attack. Based on the test results, increased hs-cTnl and
PLINS levels might provide more accurate prediction in the
evaluation of cardiac problems.

Oxidative stress induced by reactive oxygen and reactive
nitrogen species (ROS and RNS) has been shown to play a
key role in the pathogenesis of various cardiac diseases such
as acute MI, coronary syndrome, atherosclerosis, and cardiac
ischemial7. A previous study reported that oxidative mech-
anisms were induced in cases of various cardiac problems18.
Similar to our study, Karabacak et al. revealed that there was a
strong correlation between cardiac dysfunction and oxidative
stress levels19. In the study, we showed that TOS levels in the
patients with heart attack were higher than the control. Polidori
et al. reported that lipid peroxidation showed a positive cor-
relation with oxidative stress in patients with heart disease20.
Wang et al. suggested that the increase in PLINS expression
may protect against cardiac dysfunction by upregulating the

REFERENCES

1.  ThygesenK, Mair J, Katus H, Plebani M, Venge P, Collinson P, et al.
Recommendations for the use of cardiac troponin measurement
inacute cardiac care. Eur Heart J.2010;1(18):2197-204. https://
doi.org/10.1093/eurheartj/ehg251

2. WuAH,FengYJ,Moore R, Apple FS, McPherson PH, Buechler KF,
et al. Characterization of cardiac troponin subunit release into
serum after acute myocardial infarction and comparison of assays
for troponin T and I. American Association for Clinical Chemistry

Nrf2 antioxidative pathway13. Likewise, in this study, we
found that there was an increase in TOS levels and a decrease
in GSH and SOD levels in patients with heart attack, but there
was no significant difference in MDA levels. These results may
be related to the effect of increased PLIN5 expression levels in
the patients with heart actack.

Since our study is a preliminary study, we first tested the
accuracy of our hypothesis. Notably, the fact that no statis-
tically significant difference was observed in lipid peroxida-
tion despite the oxidative damage caused by the pro-oxidant/
oxidant imbalance during heart attack is also an important
data for our study. In addition, when we eliminated inter-
ferences (as in the exclusion criteria), we found that PLINS
increased with troponins in the acute phase during heart
attack. Therefore, one of the most important limitations of
our study is that although the relationship between PLINS
and hs-cTnl levels in patients with heart attack in the acute
phase was investigated, PLIN5 and hs-cTnl levels in patients
hospitalized after heart attack were not evaluated. Another is
to assess whether results from a larger patient population to
which exclusion criteria were gradually included are consis-
tent with current results. Ultimately, the clinical applicability

of our study is not yet available.

CONCLUSION

Although there are significant data showing that PLINS increases
in serum during heart attack, it should be measured in more
patients and over a wider time period to investigate whether it
will be a potential biomarker in heart diseases.

AUTHORS’ CONTRIBUTIONS

IES: Conceptualization, Data curation, Investigation,
Methodology, Project administration, Resources, Validation.
CH: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing — orig-
inal draft, Writing — review & editing.

Subcommittee on cTnl Standardization. Clin Chem. 1998;44(6 Pt
1):1198-208. PMID: 9625043

3. Mueller C, Twerenbold R, Reichlin T. Early diagnosis of
myocardial infarction with sensitive cardiac troponin assays.
Clin Chem. 2019;65(3):490-1. https://doi.org/10.1373/
clinchem.2018.298638

4.  Thygesen K, Mair J, Giannitsis E, Mueller C, Lindahl B, Blankenberg
S, et al. Howto use high-sensitivity cardiac troponins in acute cardiac

care. Eur Heart J.2012;33(18):2252-7. https://doi.org/10.1093/
eurheartj/ehs154

1015
Rev Assoc Med Bras 2022;68(8):1011-1016


https://doi.org/10.1093/eurheartj/ehq251
https://doi.org/10.1093/eurheartj/ehq251
https://doi.org/10.1373/clinchem.2018.298638
https://doi.org/10.1373/clinchem.2018.298638
https://doi.org/10.1093/eurheartj/ehs154
https://doi.org/10.1093/eurheartj/ehs154

Perilipin 5 and high-sensitivity cardiac troponin |

10.

11.

12.

Masri W, Le Guillou E, Hamdi E, Ghazal K, Lebigot E, Cosson C,
et al. Troponin elevation in other conditions than acute coronary
syndromes. Ann Biol Clin (Paris). 2017;75(4):411-9. https://doi.
org/10.1684/abc.2017.1262

Reichlin T, Twerenbold R, Reiter M, Steuer S, Bassetti S, Balmelli
C, et al. Introduction of high-sensitivity troponin assays:
impact on myocardial infarction incidence and prognosis. Am
J Med. 2012;125(12):1205-13. https://doi.org/10.1016/].
amjmed.2012.07.015

Twerenbold R, Boeddinghaus J, Nestelberger T, Wildi K, Rubini
Gimenez M, Badertscher P, et al. Clinical use of high-sensitivity
cardiac troponinin patients with suspected myocardial infarction. J
Am Coll Cardiol. 2017;70(8):996-1012. https://doi.org/10.1016/j.
jacc.2017.07.718

Reue K. A thematic review series: lipid droplet storage and
metabolism: fromyeast to man. J Lipid Res. 2011;52(11):1865-8.
https://doi.org/10.1194/jlr. E020602

Kimmel AR, Sztalryd C. Perilipin 5, a lipid droplet protein adapted to
mitochondrialenergy utilization. Curr Opin Lipidol. 2014;25(2):110-7.
https://doi.org/10.1097/MOL.0000000000000057

Kuramoto K, Okamura T, Yamaguchi T, Nakamura TY, Wakabayashi
S, Morinaga H, et al. Perilipin 5, a lipid droplet-binding protein,
protects heart from oxidative burden by sequestering fatty acid
from excessive oxidation. J Biol Chem. 2012:287(28):23852-63.
https://doi.org/10.1074/jbc. M111.328708

Hacioglu C. Capsaicin inhibits cell proliferation by enhancing
oxidative stress and apoptosis through SIRT1/NOX4 signaling
pathways in HepG2 and HL-7702 cells. J Biochem Mol Toxicol.
2021;36(3):e22974. https://doi.org/10.1002/jbt.22974

Pollak NM, Schweiger M, Jaeger D, Kolb D, KumariM, Schreiber R,
et al. Cardiac-specific overexpression of perilipin 5 provokes severe

13.

14.

15.

16.

17.

18.

19.

20.

1016
Rev Assoc Med Bras 2022;68(8):1011-1016

cardiac steatosis via the formation of a lipolytic barrier. J Lipid Res.
2013;54(4):1092-102. https://doi.org/10.1194/jlrM034710

Wang H, Sreenivasan U, Gong DW, O’Connell KA, Dabkowski ER,
Hecker PA, et al. Cardiomyocyte-specific perilipin 5 overexpression
leads to myocardial steatosis and modest cardiac dysfunction. J Lipid
Res. 2013;54(4):953-65. https://doi.org/10.1194/jIr.M032466

Drevinge C, Dalen KT, MannilaMN, Tang MS, Stdhiman M, Klevstig
M, et al. Perilipin 5 is protective in the ischemic heart. Int J Cardiol.
2016;219:446-54. https://doi.org/10.1016/].ijcard.2016.06.037

Apple FS. Tissue specificity of cardiac troponin I, cardiac troponin
T and creatine kinase-MB. Clin Chim Acta. 1999;284(2):151-9.
https://doi.org/10.1016/s0009-8981(99)00077-7

ShiQ, LingM, Zhang X, Zhang M, Kadijevic L, Liu S, et al. Degradation
of cardiac troponin | in serum complicates comparisons of cardiac
troponin | assays. Clin Chem. 1999;45(7):1018-25. PMID: 10388478

Ungvari Z, Gupte SA, Recchia FA, Batkai S, Pacher P. Role of
oxidative-nitrosative stress and downstream pathways in various
forms of cardiomyopathy and heart failure. Curr Vasc Pharmacol.
2005;3(3):221-9. https://doi.org/10.2174/1570161054368607

McMurray J, Chopra M, Abdullah I, Smith WE, Dargie HJ.
Evidence of oxidative stress in chronic heart failure in humans.
Eur Heart J. 1993;14(11):1493-8. https://doi.org/10.1093/
eurheartj/14.11.1493

Karabacak M, Dogan A, Tayyar S, Bas HA. Oxidative stress status
increase in patients with nonischemic heart failure. Med Princ
Pract. 2014;23(6):532-7. https://doi.org/10.1159/000365512

Polidori MC, Pratico D, Savino K, Rokach J, Stahl W, Mecocci P.
Increased F 2 isoprostane plasmalevels in patients with congestive
heart failure are correlated with antioxidant status and disease
severity. J Card Fail. 2004;10(4):334-8. https://doi.org/10.1016/j.
cardfail.2003.11.004


https://doi.org/10.1684/abc.2017.1262
https://doi.org/10.1684/abc.2017.1262
https://doi.org/10.1016/j.amjmed.2012.07.015
https://doi.org/10.1016/j.amjmed.2012.07.015
https://doi.org/10.1016/j.jacc.2017.07.718
https://doi.org/10.1016/j.jacc.2017.07.718
https://doi.org/10.1194/jlr.E020602
https://doi.org/10.1097/MOL.0000000000000057
https://doi.org/10.1074/jbc.M111.328708
https://doi.org/10.1002/jbt.22974
https://doi.org/10.1194/jlr.M034710
https://doi.org/10.1194/jlr.M032466
https://doi.org/10.1016/j.ijcard.2016.06.037
https://doi.org/10.1016/s0009-8981(99)00077-7
https://doi.org/10.2174/1570161054368607
https://doi.org/10.1093/eurheartj/14.11.1493
https://doi.org/10.1093/eurheartj/14.11.1493
https://doi.org/10.1159/000365512
https://doi.org/10.1016/j.cardfail.2003.11.004
https://doi.org/10.1016/j.cardfail.2003.11.004

