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Summary

Many functions of the cardiovascular apparatus are affected by
gender. The aim of our study was find out whether markers of
cell death present in the donor myocardium differ in male and
female hearts. The study involved 81 patients undergoing heart
transplantation from September 2010 to January 2013. Patients
were divided into two groups: male allograft (n=49), and female
allograft (n=32). Two types of myocardial cell death were
analyzed. High-sensitive cardiac troponin T as a necrosis marker
and protein bcl-2, caspase 3 and TUNEL as apoptosis markers
were measured. We observed a significantly higher level of
high-sensitive cardiac troponin T after correcting for predicted
ventricular mass in female donors before transplantation as well
as in the female allograft group after transplantation throughout
the monitored period (P=0.011). There were no differences in
apoptosis markers (bcl-2, caspase 3, TUNEL) between male and
female hearts before transplantation. Both genders showed
a significant increase of TUNEL-positive myocytes one week after
between
Moreover, there were no differences in caspase 3 and bcl-2

transplantation  without differences the groups.
expression between the two groups. Our results demonstrated
the presence of necrotic and apoptotic cell death in human heart
allografts. High-sensitive cardiac troponin T adjusted for
predicted ventricular mass as a marker of myocardial necrosis
was higher in female donors, and this gender difference was

even more pronounced after transplantation.
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Introduction

Heart transplantation has evolved into the
treatment of choice for patients with end-stage heart
failure. Nevertheless, donor hearts are subjected to
different types of insults during the transplant procedure
cardiac  ischemia/

that exacerbate post-transplant

reperfusion injury and decrease allografts survival
including brain death, hypothermic storage, warm ischemia
and finally reperfusion (Atkinson et al. 2013). From
available data it is evident that male and female
cardiovascular systems differ significantly in many
characteristics under both physiological and pathological
conditions. The majority of experimental studies confirm
the clinical observations that the female heart is more

resistant to ischemia/reperfusion injury (Ostadal et al.
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2009). On the other hand, several clinical studies have
identified female donor sex as an independent predictor of
recipient mortality after heart transplantation (Bryan et al.
1996, McCarthy et al. 1998, Solomon et al. 2004, Tsai et
al. 2002). Female sex has been also shown to be a risk
factor for greater severity of rejection (Mills ez al. 1997) as
well as recurrent rejection episodes (Kubo et al. 1995).
Thus far it is not clear whether these differences are caused
by genetic, hormonal or immunologic factors.
Sex differences in susceptibility to ischemia/reperfusion
injury have also been proposed (Zeier et al. 2002).
However, the data comparing the tolerance of male and
female allografts to ischemia during heart transplantation
are not yet available. Therefore the aim of our prospective
study was to find out whether cell death, necrosis and
apoptosis-markers, present in the donor myocardium

perioperatively differ in male and female hearts.

Patients and Methods

The prospective study involved 81 consecutive
patients who underwent orthotopic heart transplantation at
our institution from September 2010 to January 2013.
Patients were divided into two groups according to donor
gender: male allograft (n=49) and female allograft (n=32).
The study was approved by the human research ethics
committee of our institution and written informed consent
was obtained from all patients enrolled in the study. All
patients were treated according to the current guidelines for
the management of heart failure and transplantation. The
standard criteria accepted in our institution were used for
donor selection. Myocardial protection was initiated with
St. Thomas
cardioplegia solution with bicarbonate (1,500 ml, pH 7.4,

cardioplegic  arrest, using crystalloid

4-10°C). Cardiac grafts were also stored in cold
St. Thomas cardioplegia solution and transported on ice.
Cold blood cardioplegia was administered at the beginning
and then subsequently every 20 min during implantation.
The arterial blood sample used for high-sensitive
cardiac troponin T (hs-cTnT) detection was taken from
the donor before the pericardium was opened and from
the recipient before sternotomy, two hours after
transplantation, on the first postoperative day (POD, 24 h
after cross-clamp removal), third POD, and one week
after surgery. Each sample was centrifuged and the serum
stored at -70 °C until the study was completed. Detection
of hs-cTnT was performed using electrochemi-
luminescence immunoassay (T hs STAT, Cobas e4l11,
Roche

Diagnostics GmbH, Mannheim, Germany)

according to the manufacturer’s recommendations in
an accredited laboratory. The limit of detection was 5 ng/l
and limit of quantification 13 ng/l. There were no
samples below the detection limit.

It is well known that the size and weight of
female and male hearts significantly differ (Ostadal et al.
2009). Since weighing the hearts during transplantation
was difficult, the mass of both ventricles was calculated.
For the left ventricle we used the following equation:
predicted left ventricular mass (g) = a - Height™* (m) -
Weight*®! (kg), where a = 6.82 for women and 8.25 for
men. For the right ventricle we used: predicted right
ventricular mass (g) =a - Agefo'32 (years) - Height"'** (m) -
Weight®*" (kg), where a = 10.59 for women and 11.25 for
men (Reed et al. 2014).

Apoptosis was assessed from biopsy specimens
taken from the right ventricle prior to collection of the
donor graft, twenty minutes after cross-clamp release and
one week after transplantation. The samples were taken by
endomyocardial biopsy (EMB) from the right ventricle.
The biopsy specimens were fixed in 10 % formalin
solution, embedded in paraffin, cut at 4 pm and stained
with hematoxylin-eosin (H&E). Immunohistochemical
detection of caspase 3 (clone JHM 62, Novocastra, Leica
Microsystems, UK) was performed on 4 pm thick sections
of paraffin-embedded tissues using the VENTANA
BenchMark ULTRA system (Tucson, AZ, USA) with the
ultraView Universal DAB Detection Kit. Immunohisto-
chemical detection of bcl-2 (clone 3.1, Novocastra, Leica
Microsystems, UK) was performed on 4 pm thick paraffin
sections using a two-step indirect method. Apoptosis
detection was performed on 4 pm thick paraffin sections
using a TUNEL peroxidase apoptosis detection kit (Roche
GmbH, Germany)
manufacturer’s instructions. In all immunohistochemical
methods (caspase 3, bcl-2) and TUNEL, the slides were
observed by light microscope (Olympus BX41). The

Diagnostics according to the

numbers of positive cells were counted in 10 high power
fields (HPF) and then the average number of positive cells
per 1 HPF was used for statistical analysis.

Statistical analysis

The results were expressed as mean + standard
error of mean (SEM); non-Gaussian distributed variables
were expressed as median and range. Differences in
expression of bcl-2, caspase 3 and TUNEL between the
female and male donors were compared using
a two-sample Wilcoxon non-parametric test; the time

comparison among the groups was performed using the
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Wilcoxon signed rank test with the Bonferroni correction.
After normalization by logarithmic transformation,
differences in hs-cTnT levels between the groups were
compared using repeated-measures analysis of variances
(ANOVA) with one grouping factor. The Fischer exact
test and t-test were used to test for group differences in
the qualitative data. All tests were two-sided and were

assumed as statistically significant when P<0.05.

Table 1. Recipient, donor and operative baseline characteristics.

Results

There were no differences among the groups in
regard to baseline demographics except for cause of death
among donors and the occurrence of heart valve disease
in recipients (Table 1). The mean ischemic time was
146+7.8 min for the group with male allografts and
14149 min for the group with female allografts.

Male donor Female donor
P value
(n=49) (n=32)

Recipient parameters
Age 51.8+1.8 498 +2.7 0.50
Body mass index 25.1+0.5 24.5+0.7 0.44
Diabetes mellitus 5(10) 7(21) 0.15
Hypertension 7(14) 4 (13) 0.45
Serum creatinine (umol/l) 103.1+3.7 95.65+6.00 0.27
Ischemic cardiomyopathy 18 (37) 9 (28) 0.42
Dilated cardiomyopathy 29 (59) 15 (47) 0.28
Valve heart disease and other 2(4) 8 (25) 0.005
Smoker: current or former 4 (8) 309 0.59
Pre-operative inotropes 11 (22) 7(22) 0.97
Pre-operative mechanical circulatory support 19 (39) 11 (34) 0.69
Donor parameters
Age 39.6 1.7 423+2.7 0.38
Body mass index 26.5+0.6 25.0+0.7 0.11
Diabetes mellitus 0 0 0.21
Hypertension 7(14) 6 (19) 0.59
Left ventricular ejection fraction (%) 63.4+£0.7 645+13 0.45
Smoker: current or former 4 (8) 2 (6) 0.71
Cause of death

Subarachnoid bleeding 9 (18) 9 (28) 0.4129

Intracerebral bleeding 5(10) 13 (40) 0.0022

Craniocerebral trauma 25 (51) 8 (25) 0.0198

Others 10 (20) 2 (6) 0.08
Donor inotropes 42 (86) 25 (78) 0.29
Ischemic time 146.0+ 7.8 141.1+£9.0 0.70

Continuous data are shown as mean % standard deviation and categoric data as number (%).

the hs-cTnT
adjusted for 10 g of predicted ventricular mass was

Before transplantation, level
significantly higher in female donors (P=0.025, Fig. 1).
There were no differences in apoptosis markers (bcl-2,
caspase 3, TUNEL) between male and female hearts.

After transplantation we observed significantly

higher levels of hs-cTnT adjusted for 10 g of predicted
ventricular mass in the female allograft group throughout
the monitored period (P=0.011), with the maximum on
the first postoperative day (Fig. 2).

We observed a significantly increased number of
TUNEL-positive myocytes in response to perioperative
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ischemia in both genders one week after transplantation
compared to the pre-transplant levels (males: 19.2+1.6 vs.
4.440.6; females 20.7+1.9 vs. 8.7+1.9, P<0.001); in this
respect there were no differences between male and

female allografts (Fig.3). In the post-transplantation
period we did not find any differences in caspase 3 or
bcl-2 expression between the two groups (Figs 4 and 5).

30 Fig. 1. High-sensitive cardiac troponin T serum
J level adjusted for 10 g of predicted ventricular
mass in male (n=49) and female (n=32) donors.
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40 Fig. 4. Detection of bcl-2 positive cells in
10 high power fields (HPF) in myocardium of
35— patients with male (n=49) and female
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Discussion and decrease allograft survival, including destructive

Our results show that when adjusted for
predicted ventricular mass, hs-cTnT, a novel marker of
minor myocardial necrosis associated with ischemia/
reperfusion injury, was significantly higher in female
donors before transplantation. After surgery, this gender
difference was even more pronounced throughout the
monitored period. In our study we found that both
genders showed a significantly increased number of
TUNEL positive myocytes in response to perioperative
ischemia/reperfusion  injury  one  week  after
transplantation. There were no differences in apoptosis in
male and female hearts found by TUNEL assay or bcl-2
and caspase 3 expression.

During the transplant procedure, donor hearts are
subjected to different types of insults that can exacerbate

post-transplant myocardial ischemia/reperfusion injury

processes during brain death. Neurogenic stunned
myocardium (NSM) is defined as myocardial injury and
dysfunction found after various types of acute brain
injury as a result of an imbalance in the autonomic
nervous system (Mierzewska-Schmidt and Gawecka
2015). NSM has commonly been described in patients
with subarachnoid hemorrhage (SAH). Cardiac troponin T
is a preferred biomarker for the diagnosis of cardiac
damage and its increase correlates with the extent of left
ventricular dysfunction and the severity of the neurologic
condition (Zhang et al. 2015). There was no difference in
SAH incidence in our donor groups. However, NSM has
with
craniocerebral trauma, encephalitis, acute hydrocephalus

been observed in patients ischemic stroke,
and other acute central nervous system injuries
(Mierzewska-Schmidt and Gawecka 2015). We have

analyzed hs-cTnT serum concentrations and causes of
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brain death in donors and found no association between
the cause of brain death and hs-cTnT concentration in our
study group. We believe that brain death is generally the
most extensive brain injury, irrespective of its cause.

There are many reasons to believe that donor sex
may play an important role in outcomes after heart
transplantation. Several early studies identified female
donor sex as an independent predictor of recipient
mortality after heart transplantation (Bryan et al. 1996,
McCarthy et al. 1998, Solomon et al. 2004, Tsai et al.
2002, Khush ef al. 2012). One of the reasons for this fact
may be the lower mass of the female heart. Female hearts
have about 15-30 % lower mass than male hearts, which
is primarily due to differing physical constitutions;
however, relative heart mass is also significantly lower in
females than in males (Ostadal et al. 2009). Moreover,
relative left ventricular mass is also lower in females than
in males, even after corrections for age and blood
pressure (Hinderliter ef al. 1992). Even when respecting
mass and constitutional similarities in selecting a suitable
donor, this fact may play a significant role in the
adaptation and subsequent long-term function of a female
donor heart in the body of a male recipient (Al-Khaldi et
al. 2006).

The transplant literature also discusses genetic
and hormonal factors that may at least partially explain
Adult males
64 million myocytes every year with compensatory

these differences. lose approximately
hypertrophy of the remaining cardiocytes, whereas the
number of myocytes in females practically remain
unchanged throughout their lives (Olivetti et al. 1995).
If this determined by hormones, it may be assumed that
following transplantation of a female heart into a male
body, similar changes may also occur in the transplanted
organ with the same or even greater intensity as the heart
is not only stripped of the protective influence of female
sex hormones, but also exposed to the effects of male sex
hormones (Al-Khaldi et al. 2006).

Lastly but importantly, the literature points to
the cardiac muscle responding differently to the lack of
oxygen during cold ischemia depending on the donor’s
gender. This relates not only ischemia/reperfusion injury
to the donor heart during transplantation, which likely
contributes to the development of primary graft failure
(Iyer et al. 2011), but also ischemia-induced changes that
result in damage to the function of the transplanted organ
over time, as is similar in kidney transplants (Zeier et al.
2002). On the other hand, most experimental observations

have confirmed increased resistance of the female

myocardium to ischemia/reperfusion injury (Ostadal ef al.
2009, Lagranha et al. 2010, Kolar and Ostadal 2013). It
should be noted that experimental studies were performed
on anesthetized animals or on hearts from animals
immediately after decapitation; i.e. animals that were not
exposed to destructive processes associated with brain
death. Similarly, clinical studies include patients with
acute myocardial infarction, after percutaneous
interventions or cardiac surgery, i.e. in subjects without
brain death. Heart transplantation is the only situation in
which we encounter a damaged heart that has undergone
the pathophysiological changes occurring during brain
death. Whereas the increased plasma concentration of
cardiac troponin T (calculated per unit of weight of the
heart tissue) is present in female donors already before
heart harvesting, we can assume different donor graft
damage during brain death.

In response to prolonged ischemia during heart
transplantation, cardiomyocytes may develop cell edema,
apoptosis and necrosis. Cardiac troponin is an established
marker of cardiac necrosis with unchallenged myocardial
tissue specificity and is routinely used for therapeutic
decision-making in acute coronary syndromes. New
high-sensitivity troponin assays have recently been
developed with 65-100 %
concentrations below the 99th percentile of the apparently
healthy population (Giannitsis and Katus 2009). There

are only limited studies investigating the use of hs-cTnT

of measurable troponin

assay during heart transplant procedures. Erbel et al.
(2013) tested the predictive power of hs-cTnT blood
levels soon after heart transplantation in 141 allograft
recipients. They demonstrated that patients who died
within the first year after transplantation had significantly
higher median hs-cTnT serum levels six weeks after
transplantation. In multivariate analysis, hs-cTnT serum
levels six weeks after transplantation emerged as
an independent predictor for first-year mortality.
Determining hs-cTnT or high-sensitive cardiac troponin I
(hs-cTnl) may also be useful for excluding acute rejection
after transplantation as was described in the studies of
Méndez et al. (2014), Patel et al. (2014) and Ahn et al.
(2015). Nevertheless, gender differences in tolerance to
ischemia/reperfusion injury in transplanted hearts have
not been evaluated so far. Our results show that female
hearts

ischemia/reperfusion injury during heart transplantation

seem  to be more vulnerable to

compared to male hearts, and this fact may contribute to

poorer post-transplantation results when a female

allograft is used.
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Besides cardiomyocyte necrosis during the
transplant procedure, excessive programmed cell death is
also thought to play an important role in this
ischemia/reperfusion-associated injury. There are only
limited studies investigating apoptosis in the human
myocardium before or after heart transplantation.
Molecular evidence for apoptosis has been previously
investigated in transplanted hearts and in hearts not
Birks et al. (2000)

demonstrated that caspases were elevated in dysfunctional

accepted for transplantation.
donor hearts compared to hearts with good ventricular
function. Significantly higher expression levels of genes
involved in apoptosis (BAX, caspase 3 and FAS) in
donor hearts compared with control patients were shown
also in a study by Stoica ef al. (2003). In a prospective
study by Chalabreysse et al. (2004), apoptosis was
determined from right ventricle biopsies from brain-dead
donors. The authors confirmed that brain death induces
apoptosis in the right ventricle, but a high apoptotic index
does not correlate with subsequent myocardial function in
the grafted heart and does not predict myocardial
dysfunction during the first

postoperative  year.

An association between increased expression of
pro-apoptotic markers and primary graft dysfunction in
cardiac allograft recipients was documented in a study by
Marasco et al. (2014).

The most commonly used technique to detect
apoptosis in tissue sections is terminal deoxynucleotidyl
dUTP labeling (TUNEL),
an enzymatic labels with modified

nucleotides the free 3'-hydroxy ends of fragmented DNA,

transferase nick and

reaction that

characteristic of the apoptotic process. Nevertheless,
DNA fragmentation is a relatively late event in the
apoptosis process. This does not exclude the possibility
that some cardiac myocytes after ischemia/reperfusion
injury have already initiated the apoptotic process,
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