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Introduction

Aim. This study aimed to access the effect of remote ischemic preconditioning (RIPC) on
hemodynamic parameters and expression of IncRNA MHRT in patients with coronary artery
disease during isolated coronary artery bypass graft surgery. Methods. The hemodynamic
parameters of 29 patients with sham and RIPC procedure were analyzed. RIPC was modu-
lated by three cycles of blocking blood flow in the arm for 5 minutes followed by restoring it
for another 5 minutes. Expression of MHRT was measured in myocardial tissue and plasma
by real-time polymerase chain reaction. Results. Hemodynamic parameters of patients in the
RIPC-group had higher (p<0.05) values of cardiac index, systolic blood pressure, diastolic
blood pressure, stroke volume index compared to the sham group. Systemic vascular resistance
index decreased in RIPC-group. The expression level of MHRT in the myocardium was 2.5
times lower than in the sham group (p<0.05). MHRT expression in plasma fall[s] signifi-
cantly, by more [than]15 times, (p<<0.0001) in the RIPC-group. Conclusions. A decrease in
MHRT expression can be a consequence of the protective effect of RIPC and can be used as
a cardiac biomarker.

Keywords: long noncoding RNA, ischemic preconditioning, MHRT, coronary artery disease,
coronary artery bypass grafting

Remote ischemic preconditioning (RIPC) is a tissues or organs. Protective effects of RIPC
short episode of ischemia-reperfusion of a are explained by releasing biochemical mes-
certain organ that may be protective for distant sengers that have protective properties. In 1993
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McClanahan et al. for the first time demon-
strated the protective effect of RIPC on myo-
cardium [1]. They found that short periods of
ischemia followed by reperfusion in kidney
protected myocardium from prolonged isch-
emia and reduced the infarct size. Skeletal limb
preconditioning also demonstrates the benefi-
cial effect for myocardium and endothelial
tissues in patients [2]. There are a few studies
showing that limb RIPC reduces not only car-
diac, but neuronal injury after prolonged ische-
mia or cardiac arrest [3—6].

It has been reported that RIPC could be a
potential protective measure for perioperative
complication [7,8]. RIPC may have [a] benefi-
cial effect on [the] coronary artery bypass
grafting (CABGQG) surgery in patients with cor-
onary artery disease. It can be shown by the
changes in cardiodynamic parameters during
surgery as well as by the determination of a
number of molecules. Over the past two de-
cades considerable attention has been paid to
the study of the noncoding transcriptome in
particular long noncoding RNAs (IncRNAs).

LncRNAs are considered to be non-coding
ribonucleic acids larger than 200 nucleotides.
The biogenesis of IncRNAs is similar to that
of [the] messenger RNAs (mRNAs).
Transcription of IncRNAs like mRNA is pro-
vided by promoter elements, transcription
factors, and certain modifications of histone
proteins [9]. Like mRNAs, IncRNAs are
spliced, 5'-capped and 3'-polyadenylated to
form mature forms of molecules [10]. To date
about 70 thousand[s] long non-coding RNAs
have been identified. These molecules per-
form a variety of functions in different tis-
sues and organs, including the cardiovascular
system. The indirect evidences have been

obtained that IncRNAs regulate cardiomyo-
cyte metabolism, hypertrophy, differentiation
and proliferation [11]. The expression pro-
files of IncRNAs in plasma have also shown
the possibility of using them as potential
biomarkers [12].

The IncRNA MHRT (Myosin Heavy Chain
Associated RNA Transcripts) originates from
MYH?7 loci. It is a cardiospecific IncRNA that
may play a significant role in myocardial pro-
tection. It was demonstrated that mouse MHRT
inhibits cardiac hypertrophy and failure [13].
It has also been reported that rat MHRT pro-
tects cardiomyocytes from oxidative stress
[14]. Interestingly, human MHRT is upregu-
lated in patients with acute myocardial infarc-
tion (AMI). It could be used as a biomarker
for early diagnosis of myocardial injury [14].
In this study we evaluate [the] plasma and
myocardial MHRT levels in patients with cor-
onary artery disease undergoing RIPC before
CABG surgery. We suggest that the change in
the expression of IncRNA MHRT in this case
may be an additional indicator for the RIPC
effect on cardiovascular system.

Materials and Methods

Patients

Patients of the Amosov National Institute of
Cardiovascular Surgery NAMS of Ukraine
with coronary heart disease participated in this
study. The present study was approved by the
Biomedical Ethics Commission of the Amosov
National Institute of Cardiovascular Surgery.
All patients were subjected to isolated off-
pump CABG surgery.

Hemodynamic parameters were assessed
using the method of impedance cardiography
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(ICG). The ICG technique makes it possible
to determine the following hemodynamic pa-
rameters: stroke volume index (SVI), cardiac
output (CO), cardiac output index (COI), sys-
temic vascular resistance (SVRI).

CO is the volume of blood that the heart
pumps in one minute. It consists of the stroke
volume (SV) multiplied by the heart rate (HR).
Cardiac output divided by body surface area
is the cardiac index (CI).

The data on hemodynamic parameters from
29 patients were used to examine the effect of
ischemic preconditioning. An experimental
group includes 13 patients who were sub-
jected to RIPC before surgery. A control group
includes 16 patients who were surged without
prior RIPC.

Myocardial biopsies and plasma of 14 pa-
tients were used to assess the expression of
MHRT. 6 patients got sham-procedure (ap-
plying a cuff to the right forearm without
RIPC) and 8 got RIPC before surgery. The
average age of patients in sham-group was
60.8+3.9 while in experimental group it
was 60.1£5.8. According to the NYHA
Classification all patients were classified as
Class II or Class III.

Evaluation of perioperative risks with the
EUROSCORE 2 scale was 1.92 +0.31 % and
1.83 £0.56 % for patients in sham- and RIPC
groups respectively. There was no significant
difference among patients of both groups in
clinical and laboratory parameters before sur-
gery. The average ejection fraction of left ven-
tricle was 56.9+5.4 % in control group and
58.1+4.9 % in experimental group. The aver-
age number of distal anastomosis was 3.1+0.8
and 3.0 £0.6 in control and experimental
groups respectively.
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Ischemic preconditioning

The RIPC procedure was performed on pa-
tients before surgery by applying a cuff to the
right arm. The cuff was inflated to a pressure
of 200 mm Hg and left for 5 minutes. This was
followed by a reperfusion step for 5 minutes.
Periods of ischemia and reperfusion for 5 min-
utes were repeated three times [15]. In the
sham group the cuff was applied to the right
forearm but RIPC was not performed.

Coronary artery bypass graft surgery

Coronary artery bypass graft surgery on work-
ing heart was performed in several steps. The
first step was preparing patients to the opera-
tion: setting monitoring, catheterization of
peripheral vein and artery for measuring inva-
sive blood pressure. The second step was in-
duction and intubation. Patients got intrave-
nously propofol in dose 2—4 mg/kg and fen-
tanyl in dose 10—15 ug/kg/hr. To relax trachea
for intubation, rocuronium bromide (Esmeron)
was used in dose 0.6—1 mg/kg. Artificial ven-
tilation was performed in normal ventilation
state with oxygen concentration 30 %-60 %.
Ventilation parameters were monitored by
blood gas test. The third step was formation
of distal anastomosis. The forth step was com-
pletion of surgery.

Collection of samples

Vein blood was collected from all 14 patients
before RIPC (control samples). From 6 pa-
tients vein blood was collected 20 minutes
after sham procedure (sham group) and from
8 patients — 20 minutes after RIPC procedure.
Additionally myocardium tissue was collected
during the surgery. Blood was centrifuged 15
minutes on 1000 rpm to separate blood frac-
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tions. MHRT expression was measured in
myocardium as well as in plasma.

RNA extraction

To extract RNA from samples we used guani-
dine isothiocyanate-phenol-chloroform extrac-
tion protocol with Trizol reagent (Invitrogen).
Extracted RNA was diluted 50 times in dH20
and its concentration was measured by spec-
trophotometer (Nano-Drop ND1000). Isolation
of total RNA from blood plasma was per-
formed with addition of miR-39 in concentra-
tion of 1fM /1 pl (miR Neasy Serum/Plasma
Spike-In Control, Syn-cel-miR-39 miRNA,
Lot No. 227926630, product of United States).

Reverse transcription

Reverse transcription was performed in two
steps. Initially 6 ul of total RNA were mixed
with 1 pl of Random Hexamer Primer and 5
ul of dH20. Probes were incubated for 5 min-
utes at 70 °C in thermal cycler Gene Amp®
PCR System 2700, Applied Biosystems (USA).
Subsequently, 2 ul of ANTP (x10), 4 pul of
Buffer RT, 0.5 ul of RiboLock RNAse inhibi-
tor and 0.9 ul of Revert Aid RT were added to
probes. Probes were incubated for 60 minutes
at 42 °C, then 10 minutes at 70 °C. Reverse
transcription of plasma RNA was performed
using specific loop primers for cel-miR-39
miRNA.

Quantitative real-time PCR

We used thermal cycler 7500 Fast Real Time
PCR made by Applied Biosystems (USA) and
96-well plate for qPCR. The used mix in-
cluded 5 pl of SybrGreen max, 2 pl of cDNA,
0.08 pl of specific primers for human MHRT,
0.2 pl of Rox (1:9) and 2.72 ul of H,O. The

final reaction volume was 10 pl. DNA dena-
turation was performed at 95 °C for 15 sec.
Probes annealing and elongation occurred at
60 °C for 1 minute. Number of cycles was set
at 50.

Statistical analysis

Wilcoxon signed-rank test was used to analyze
hemodynamic parameters. One-way ANOVA
test was used to analyze the changes in expres-
sion of MHRT. Statistical significance was
indicated when p<0.05.

Results and Discussion

Hemodynamic parameters

Hemodynamic parameters were recorded dur-
ing all stages of the operation. At the stage of
induction the hemodynamic parameters did not
differ significantly in both groups. Significant
changes in the hemodynamic parameters were
observed at the stage of formation of distal
anastomoses (Table 1).

As indicated in Table 1, CI (cardiac index)
of patients in the RIPC group was higher by
19 % compared with patients in the sham
group. SBP (systolic blood pressure) and DBP
(diastolic blood pressure) were significantly
higher in RIPC patients. The SVI index (stroke
volume index) in patients of the RIPC group
was higher by 14 % and the rate of SVRI
(systemic vascular resistance index) was sig-
nificantly lower in RIPC group. No significant
difference in HR (heart rate) and CVP (central
venous pressure) was observed in patients of
two groups. Based on hemodynamic parame-
ters we can conclude that [the] patients in
RIPC group were more hemodynamically
stable.
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Table 1. Hemodynamic parameters at the stage
of distal anastomoses formation

Parameter NEIEC, M £ 8D NSil [1?,4 M2 SD

HR (bpm) 82.31+3.17 84.25+5.45

SBP (mmHg) 98.54+435% |91.65+57

DBP (mmHg) S8.15+54% |52.15+33

CVP (mmWg) 62.1+54 503+9.8

CI (L/min/m?) 3.1200.85%  |2.42+1.12

SVI (ml/ m2) 4334+226%  |35.50+5.45
SVRI (dyn's/cm5/m?) |2367.3£213.5* |2638.5+494.2
* p<0.05

MHRT expression in myocardium

There are several studies indicating that In-
cRNA MHRT protects heart from hypertrophy
and oxidative stress [13, 14]. Other studies
report that MHRT could be a novel biomarker
related to heart hypertrophy and heart failure
[16, 17]. These studies have shown that in-
creasing expression of MHRT indicates the
development of a pathological process. On the
other hand, Hang CT ef al. have shown that
the development of heart hypertrophy in mice
is associated with the activation of Brgl-Hdac-
Parp chromatin repressor complex that inhibits
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Fig. 1a. Level of myocardium MHRT expression in sham
and RIPC group.
* p<0.05
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the expression of MHRT resulting in a heart
pathology [18].

The molecular mechanisms of the protective
effect of MHRT are unknown. Moreover, no
studies have yet been performed to evaluate
the MHRT expression in human myocardium.
Our study shows that the level of MHRT ex-
pression in myocardium of RIPC patients is
about 2.5 times lower than in sham group
(Fig. 1). This is another indirect confirmation
of the protective effect of RIPC. We hypo-
thesize that MHRT downregulation in RIPC
patients could be explained by the oxidative
stress reduction. It is well known that RIPC
protects from oxidative stress [19]. Yildirim F
et al. have shown the reduction of free oxygen
radicals in blood samples of the patients un-
dergoing RIPC before coronary artery bypass
graft surgery [20].

MHRT expression in plasma

Interestingly, propofol used for anesthesia also
has antioxidant properties and reduces the
oxidative stress [21, 22]. The evaluation of
IncRNAs expression in blood plasma of our
patients makes it possible to assess the control

a ——
CONTROL (2=l STEAM () PIPC (om]

Fig. 2. Level of plasma MHRT expression before and af-
ter RIPC.
## p<0.0001
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level of MHRT expression (before anesthesia
and RIPC) as well as after RIPC.

Blood samples were taken from 14 patients
prior to RIPC for evaluation of MHRT expres-
sion. Among these 14 patients 6 underwent
sham procedure and 8 — RIPC. As shown in
Figure 2 the level of MHRT expression in
sham group is almost half as much as control
level. However, this is not significant differ-
ences (p>0.05). We hypothesize that a possible
drop in the level of MHRT expression in the
sham group may be caused by the antioxidant
effect of propofol [21, 22]. At the same time
in the RIPC patients the level of MHRT ex-
pression is more than 15 times lower than in
the sham group (p<0.0001).

These changes of MHRT expression in
myocardium and plasma suggest that MHRT
can be secreted into plasma in exosomes.
LncRNAs can enter the blood stream encap-
sulated in exosomes and extracellular vesi-
cles [23]. We assume that a decrease in
MHRT expression in myocardium may be
associated with the regulation of RNA ex-
pression. However, a decrease in MHRT
level by more than 15 times in plasma after
RIPC probably indicates an inhibition of
exosome secretion.

Conclusions

We conclude that RIPC improves hemody-
namic parameters in patients undergoing
CABG surgery. RIPC decreases MHRT level
in myocardium about 2.5 times and more than
15 times in blood plasma. Such a drastic de-
crease of MHRT level in the blood plasma
during RIPC once again indirectly confirms
the potential use of MHRT as a cardiac bio-
marker.
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Excnpecis MHRT npu BignajseHomy imemiuHomy
NPeKOHAUIIOHYBAHHI y Nalli€HTIB 3 ilemMiyHOIO
XBOpo0o10 cepus

M. Xenypiaui, H. O. lIodpde, T. I. [IpeBuiinka,
B. O. Hexpacosa, B. €. [Tocenko

Meta. Metoro nociipkeHHs Oyiia OIliHKa BIUIMBY BiJia-
JieHro imemivHoro npekonautionysanHus (BIIIK) Ha re-
MOJIMHAMIYHI MTOKa3HUKH 1 ekcnpecito THKPHK MHRT y
MAIIEHTIB 3 IMIEMIYHO0 XBOPOOOIO CepIls i Yac ornepa-
mii 130JIb0BAaHOTO AOPTOKOPOHAPHOTO ITyHTYBAaHHSI.
Metonu. AHamizyBaucsa JaHi TeMOTUHAMIYHHUX TOKa3-
HUKIB BiJ] 29 narienTiB 3 kouTpossHoi (K) 1 BITIK -rpymm.
BITIK npoBonunocs y TpH LUKIM NEPEKPUBAHHS KPOBO-
TOKY B IJI€Yi Ha 5 XBWJIMH 3 TIOAAJIBIINM HOTO BiTHOBJIEH-
HsaM Ha 5 xBuinH. Excripecito MHRT BusHauaBcst y mio-
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Kapzi i JIeHKOLMTAaX 3a JOMOMOTO0 MOJIIMEpa3HO] JIAHIIO-
TOBOi peakiii B peasibHOMY Yaci. Pe3yabTaTu. Y maries-
tiB BIIIK-rpynu nigsuntysanucs (p <0,05) 3HaueHHS
CEepLIEBOIO 1HIEKCY, CHCTONIYHOTO apTepialbHOrO THCKY,
JIIaCTOJIIYHOTO apTepiadbHOTO THCKY, YAAPHOTO iHAEKC Y
nopiBHsiHHI 3 K-rpynoto. HaBnaku, iHOeKe 3arajibHOTO
nepeepHYHOr0 CYAMHHOTO OIOpPY 3HIKYBABCS B IPyIi
BIIIK. PiBens excripecii MHRT B miokapzi OyB B 2,5 pa3u
Hwkue, Hix B K-rpymi (p <0,05). Y mumasmi pisens MHRT
3Ha4YHO, Ounbmre HiX y 15 pasis, (p <0,0001) magas y
BIIK-rpymi. BucHoBku. 3Hmxenss excripecii MHRT
Moxe OyTH HaciikoM 3axucHoro edexry BITIK i fiomo-
BipHO MOKE BUKOPHCTOBYBAaTHCS B SIKOCTI CEPIIEBOTO 0io-
Mapkepy.

Kaw4uoBi caosa: nosri Hekonyrodi PHK, imemiune
npexonauionysanssa, MHRT, imemiuna xBopo0Oa cepris,
A0PTOKOPOHAPHE LIIYHTYBaHHSI.

Jkcnpeccusi MHRT npu nucTaHIMOHHOM
HIIEMHYECKOM NMPEeKOHIUIIHOHNPOBAHUH
Yy NAaIMEHTOB ¢ HIIEeMHYeCKOi 00JIe3HbI0 cepaua

M. Xeuypuanau, H. A. Uoddode, T. U. IpeBunkas,
B. O. Hekpacosa, B. E. Jlocenko

Heas. Lensio nccnenoBanus Oblia OLIEHKA BIMSHUS
JIUCTAHIIMOHHOTO MIIEMHYIECKOTO IPEKOHIUINOHUPOBa-
nus (JJUITK) Ha reMonrHaMu4YecKue mapaMeTpbl U DKC-
npeccuro AHKPHK MHRT y nanueHToB ¢ nmeMudeckoit

OO0JIC3HBIO cepaIia BO BpeMs OTIepaIliy H30JUPOBAHHOTO
AO0PTOKOPOHAPHOTO HNIYHTHPOBaHML. MeToabl. AHATH3H-
pOBaJINChH JAaHHBbIE I'E€MOJUHAMHYECKUX IapaMeTpoOB
29 marnmenToB 3 koHTponbHOU (K) m JUITK-rpymm.
JWIIK npoxonusiio B TpH IUKJIA TTEPEKPBIBAHUS KPOBO-
TOKa B IJIede Ha 5 MMHYT C MOCJEIYIOINUM €ro BOCCTa-
HOBJIIeHHEM Ha 5 MuHYT. Okcipeccuto MHRT usmepsnu
B MHOKap/I€ 1 IJ1a3Me ¢ TOMOIIIBIO MOJIMMEPA3HOM LIETTHOM
peaxIy B peasIbHOM BpeMeHHU. Pe3yiibTarsl. Y narues-
toB B JIUTIK-rpynme nopeimamick (p <0,05) 3HaueHUs
CEpPIEYHOTO MHEKCA, CUCTOIMYECKOTO apTepHAIEHOTO
JIaBJICHUS, TUACTOJIMUECKOrO apTepHaIbHOTO JaBJICHUS,
yIapHOTO WHIAEKca 1o cpaBHeHHIO ¢ K-rpynmoii.
Hanpotus, HHIEKC CHCTEMHOTO COCYIUCTOTO COTIPOTHB-
nenus cakascs B rpynmne JIUTIK. Yposens skcnipeccun
MHRT B Muokape 6501 B 2,5 pa3a Hipke, yeM B K-rpyrmme
(p<0,05). B m1a3me ypoers MHRT 3naunrensHo, Oomnee
yem B 15 pa3, (p <0,0001) nmagan B JUIIK-rpynme.
BeiBoasl. CHmkenue skcripeccun MHRT moxeTr OBITH
cnenctBueM 3amuTtHOro 3ddekra UMK u Moxer wc-
TIOJTE30BATHCS B KaueCcTBE OHMOMapKepa cepleyHO-COCYAN-
CTBIX 3a00JICBaHUA.

KnwueBble cJjoBa: pmuHHas Hekopupytomas PHK,
uieMuyeckoe npekoHaunuonnposanve, MHRT, wuie-
Mudeckas 00Je3Hb cep/ia, aOPTOKOPOHAPHOE ITYHTH-
poBaHue.
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