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Abstract

Purpose: Heart damage may develop over time in patients with chronic renal disease (CKD), who are undergoing
hemodialysis (HD) treatment. Serum levels of heat shock protein B7 (HSPB7) and tetranectin proteins change
following damage to the heart muscle. This study aimed to determine HSPB7 and tetranectin levels in patients
with CKD undergoing HD treatment.

Materials and methods: The patients aged 30-60 years old, healthy controls (n=30) and HD patients (n=30)
participated in the study. Blood samples were taken from healthy subjects who applied to the hospital for check-
up and from patients with kidney disease receiving HD treatment. Biochemical parameters were examined
from the blood taken. HSPB7 and tetranectin levels from isolated serum samples were determined using
measurement kits based on the solid phase sandwich (ELISA) principle.

Results: There was no significant difference between the groups in gender, age, glucose and iron (Fe) values
of the subjects (p>0.05). Lymphocyte, platelet counts, hemoglobin and albumin values were found to be lower
in patient group compared to the control group (p<0.05). Urea, creatine kinase (CK) and C-reactive protein
(CRP) values were found to be higher in patient group than in the control group (p<0.05). A significant increase
in HSPBY7 levels and a significant decrease in tetranectin levels were detected in patient group compared to
control group (p<0.001).

Conclusions: In this study, the changes detected in HSPB7 and tetranectin levels in with CKD undergoing HD
treatment. May be early indicators of the possible development of cardiovascular diseases in patients with renal
disease.
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Oz

Amag: Kronik bobrek hastaligi olan ve hemodiyaliz (HD) tedavisi alan hastalarda zamanla kalp hasari
gelisebilmektedir. Isi sok proteini B7 (HSPB7) ve tetranektin proteinlerinin serum duzeyleri kalp kasinda
gelisen hasari takiben degismektedir. Bu ¢alismada, HD tedavisi alan KBH hastalarinda HSPB7 ve tetranektin
dizeylerinin arastirilmasi amacglanmistir.

Gereg ve yontem: Calismaya 30-60 yas, saglikli ve HD hastasi denekler katiimis olup iki grup olusturulmustur
(n=60): Kontrol grubu (n=30) ve Hasta grubu (n=30). Hastaneye check-up igin basvuran saglikli deneklerden
ve bobrek hastaligi olup HD tedavisi alan hastalardan kan érnekleri alinmistir. Alinan kanlardan biyokimyasal
parametreler incelenmistir. izole edilen serum érneklerinden HSPB7 ve tetranektin diizeyleri solid faz sandwich
(ELISA) prensibine dayanan &lgiim kitleri kullanilarak belirlenmistir.

Bulgular: Deneklerin cinsiyet, yas, glukoz ve Demir (Fe) degerlerinde gruplar arasinda anlamh fark
saptanmamistir (p>0,05). Lenfosit, trombosit sayilari, hemoglobin ve albimin degerleri diyaliz hastalarinda
kontrol grubuna kiyasla dustk bulunmustur (p<0,05). Diyaliz hastalarinda Ure, kreatin kinaz ve CRP degerleri
saglikh kontrol grubuna gére yiksek saptanmistir (p<0,05). Hastalarda saglikli deneklere kiyasla, HSPB7
dlzeylerinde anlamli artis ve tetranektin duzeylerinde ise anlamli disus tespit edilmistir (p<0,001).
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Sonug: Bu calismada, diyaliz tedavisi alan KBH hastalarinda HSPB7 ve tetranektin diizeylerinde tespit edilen
degisimler, bdbrek yetmezligi olan hastalarda olasi gelisebilecek kardiyovaskuler hastaliklarin gelisiminin erken

gostergesi olabilir.

Anahtar kelimeler: Hemodiyaliz, kronik bobrek hastaligi (KBH), HSPB?7, tetranektin.

Kilig Erkek O, Gulndogdu G, Akin D, Alpua M, Sayin D, Bor Kiiglikatay M. Hemodiyaliz tedavisi alan hastalarda
serum Isi Sok Proteini B7 (HSPB7) ve tetranektin duizeylerinin belirlenmesi. Pam Tip Derg 2024;17:337-345.

Introduction

Chronic kidney disease (CKD) is a pathology
that arises from the irreversible loss of kidney
functions affecting many organ systems [1]. In
CKD, chronic and progressive deterioration is
observed in the kidney’s fluid-solute balance
and metabolic-endocrine functions due to the
decrease in glomerular filiration rate (GFR).
When the GFR value decreases to 5-15 ml/
min/1.73m"2, it is referred to end-stage kidney
failure (ESKF), and patients require renal
replacement therapies such as dialysis or
renal transplantation [2]. The life expectancy of
patients has begun to increase, and their quality
of life has started to improve with Dialysis
technology. Hemodialysis (HD) is preferred
in the treatment of ESKF, which is resistant to
medical treatment, and when the GFR value
falls below 10 ml/min [3]. HD is a therapeutic
procedure where blood taken from the patient
is filtered through a semi-permeable membrane
using a device, homogenized with dialysate
coming from the opposite direction, and then
returned to the patient, regulating acid-base,
electrolyte, and toxic substances [4].

Patients with CKD are at high risk for
cardiovascular disease (CVD) even in the early
stages of the disease. The risk of CVD in patients
with ESKF is reported to be 10-20 times higher
than the general population [5]. Clinically, in
these patients, the risk of developing CVD, and
early death increases with decreased kidney
functions and the presence of albuminuria.
Studies have shown a relationship between
the decrease in GFR and CVD (congestive
heart failure, myocardial infarction (Ml), stroke,
peripheral vascular disease, etc.). Moreover, a
positive correlation between the progression of
CKD and cardiovascular risk has been identified
[6]. Therefore, more than 50% of HD patients
develop CVD, increasing the risk of death [7, 8].
Thus, the development of CVD in patients with
ESKF undergoing HD treatment becomes one
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of the main causes of morbidity and mortality

[9].

Heat shock protein beta-7 (HSPB7) is a
cardiovascular heat shock protein preserved
a-crystalline in its C-terminal region [10]. The
HSPB?7 protein interacts with filamin C, playing
a significant role in the formation of actinin in
the cell skeleton and anchoring actin filaments
to the cell membrane. In the absence of this
protein, filamin C separates from its location
in the cell, leading to structural damage in
the cell membrane [11]. HSPB7 primarily
functions as ATP-independent molecular
chaperones that assist in the formation of the
cell skeleton, suppress the accumulation of
stress-resistant and denatured proteins [12]. It
binds denatured proteins and facilitates their
proteolytic degradation by transporting them
to other heat shock proteins with ATPase
activity, proteasomes, or autophagosomes
[13]. The highest protein level of HSPB7 has
been detected in heart tissue, and its mutations
have been associated with heart diseases [14].
Therefore, serum HSPB7 levels increase when
released from cardiomyocytes as a result of
myocardial damage [15, 16].

Tetranectin, with the gene name CLEC3B,
is a calcium-binding homotrimeric protein from
the C-type lectin protein family [17]. It interacts
with a range of cellular factors, including
plasminogen, apolipoprotein A1, and heparin. It
has a protective function in muscle, bone, and
circulatory systems. Additionally, it is observed
in serum and extracellular matrix (ECM) during
tissue regeneration [18]. Tetranectin plays
significant roles in binding ECM components
(fibrin, plasminogen), stimulating the proteolytic
activation of proteases and growth factors,
and regulating ECM proteolysis during tissue
reshaping [19]. A negative correlation has been
shown between serum tetranectin levels and
the development of CVD [20].
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Although in the literature, there are various
studies that demonstrated the association
of HSPB7 and tetranectin with CVDs, there
is no study in the literature evaluating the
relationship between HSPB7 and tetranectin
levels in patients with CKD that are at high risk
of developing CVD. In this context, this study
aims to determine the levels of HSPB7 and
tetranectin in patients with CKD undergoing HD
treatment.

Material and methods
Formation of experimental groups
Sample

A total of 60 subjects aged between 30-
60 years participated in the study and were
divided into two groups: control group (n=30)
and patient group (n=30). The study included
healthy volunteers with normal check-up
results who visited the nephrology department
of Pamukkale University Hospital for health
screening purposes and patients diagnosed with
CKD receiving hemodialysis treatment. Patients
were selected from those routinely undergoing
HD treatment at Pamukkale University Hospital,
while patients receiving peritoneal dialysis or
kidney transplant recipients were excluded
from the study. In addition to these, patients
have not been diagnosed with Ml in the last 6
months, severe valve disease, chronic heart
failure, coronary artery disease, atrial fibrillation,
coronary bypass, and malignancy excluded from
study. The control group for the study included
subjects without any additional diseases and
with CKD (GFR>60 ml/min/1.73 m"2).

Collection and storage of blood samples
from participants

In the study, serum samples of patients
and healthy volunteers who visited the hospital
simultaneously were collected at the time of
hospital admission following a 12-hour fasting
period. In both groups, parameters such as
hemoglobin (Hb), glucose, urea, creatine
kinase (CK). C-reactive protein (CRP), albumin,
iron (Fe), leukocyte count, neutrophil count,
lymphocyte count, neutrophil lymphocyte ratio
(NLR), and platelet lymphocyte ratio (PLR)
were requested from blood test results. A blood
sample taken in a 2 ml biochemistry tube was
used for the determination of serum tetranectin
and HSPB7 levels. Within 15 minutes, it was

centrifuged at 3500 rpm for 10 minutes at room
temperature, and the obtained serums were
stored at -80°C until the day of analysis.

Determination of serum tetranectin and
HSPBY7 levels by ELISA method

After allowing the serum samples to reach
room temperature, serum tetranectin (E6262Hu,
BT lab) and HSPB7 (E5380Hu, BT lab) levels
were determined by comparing with reference
samples using commercial kits and the ELISA
method.

Statistical evaluation

The effect size obtained from reference study
was found to be quite strong (d=0.957) [21].
Assuming that we could obtain a lower level of
power, a power analysis was conducted, and it
was calculated that when at least 60 individuals
(at least 30 for each group) were included in the
study for an effect size of d=0.8, a power of 80%
could be achieved at a 95% confidence level. All
calculations for power analysis were performed
using the GPower package program (version
3.1.9.2. HeinrichHeine-Universitat, Dusseldorf,
Germany).

For statistical comparison of demographic
and laboratory parameters from patient and
control groups. Shapiro wilk test were used
for determination of normal distribution. If
parametric test conditions were satisfied.
Independent samples t test was used for
comparisons among groups. If parametric test
conditions were not satisfied, Mann Whitney
U-Test was used and associations between
categorical variables were evaluated using
the chi-square test (x? test). All analyses were
performed using SPSS 24 software for statistical
analysis. Results were presented as mean =
standard deviations and p<0.05 was considered
as statistically significant. Ethical approval was
obtained from the Pamukkale University Medical
Ethics Committee.

Results

Evaluation of demographic and laboratory
parameters of the participants

When the gender and age values of the
participants were compared, no statistically
significant differences were found between the
control group and the dialysis patient group
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(p>0.05). There was no statistically significant
difference between the patient and control
groups in Fe values (p>0.05). However, Hb
(p=0.001) and albumin (p=0.003) values were

lower, while glucose (p=0.003), urea (p=0.001),
CK (p=0.001), and CRP (p=0.029) values were
found to be higher in patient group compared to
the control group (Table 1).

Table 1. Demographic and laboratory parameters of the subjects and control

Control (n=30) Patient (n=30) Test Statistics
Test value p value

Men (%) 44.8% 55.2% x?=0.739 0.39
Age 44.76+1.83 44.54+0.87 t=0.106 0.916
Hemoglobin (Hb) (g/dL) 13.88+.47 11.14+£0.42 t=4.340 0.001**
Glucose (mmol/L) 92.12+2.58 155.29+20.76 t=-3.080 0.001**
Urea (mg/dL) 25.72+1.52 125.8346.16 t=-16.076 0.001**
Creatine Kinase (CK) (U/L) 0.80+0.033 8.27+0.49 t=-15.483 0.001**
C-reactive protein (CRP) (mg/L) 2.98+0.58 13.60+4.78 t=-2.249 0.029*
Albumin (g/L) 44.86+0.64 37.52+2.17 t=3.298 0.003*
Iron (Fe) (pg/dL) 77.0616.13 69.54+5.29 t=0.926 0.359

Results are given as mean + standard deviation, n=30, t: Independent-samples t test, x?: Chi-Square test statistics
*: p<0.05 indicates a significant difference from the control group, **: p<0.01 indicates a significant difference from the control group
Hgb: Hemoglobin, CK: Creatine Kinase, CRP: C-reactive protein, Fe: Iron

Biochemical findings leukocyte counts (p>0.05). Lymphocyte and
platelet counts were statistically significantly
lower in dialysis patients group compared
to the control group (p=0.009 and p=0.001,

respectively).

Table 2 shows the biochemical parameters
of the control and patient group. No statistically
significant differences were detected between
the groups in NLR, PLR, neutrophil, and

Table 2. Biochemical parameters of control and dialysis patients

Control (n=30) Patient (n=30) Test Statistics
Test value  pvalue
Neutrophil count (K/uL) 4.28+0.21 3.92+0.30 t=0.972 0.336
Lymphocyte count (K/pL) 2.31+0.09 1.89+0.12 t=2.713 0.009**
NLR: Neutrophil/Lymphocyte Ratio 1.89+0.090 2.29+0.21 t=-1.736 0.089
PLR: Platelet/Lymphocyte Ratio 126.30+8.054 116.06+12.37 t=0.699 0.488
Leukocyte count (K/uL) 7.22+0.273 6.98+0.37 t=0.498 0.621
Platelet count (K/pL) 281.24+14.99 195.12+11.38 t=4.547 0.001**

Results are given as mean + standard deviation; n=30, t: Independent-samples ¢ test , **: p<0.01 difference from the control group
NLR: Neutrophil/Lymphocyte Ratio, PLR: Platelet/Lymphocyte Ratio

Determination of serum tetranectin and
HSPB7 concentrations

(84.17+42.45) (z=-2.764, p=0.006) (Figure 1).
The serum HSPBY7 level was determined using
an ELISA kit in ng/mL. The serum HSPB7 level
was found to be statistically significantly higher
in the patient group (10.50+5.20) compared
to the control group (5.90+1.39) (z=4.558,
p=0.001) (Figure 2).

The serum tetranectin level was determined
using an ELISA kit in ng/mL. The serum
tetranectin level was found to be statistically
significantly lower in the patient group
(63.50+£24.21) compared to the control group
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Figure 1. Serum tetranectin levels in control group and dialysis patients (ng/mL)
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Figure 2. Serum HSPB?Y levels in control group and dialysis patients (ng/mL)

Mean * standard deviation; n=30, Mann Whitney U-Test was used
*: Significant difference from the control group at p<0.001 level

Discussion

In this study, our aim was to demonstrate
the changes in the serum level of HSPB7 and
tetranectin, cardiac-spefic proteins, in CKD
patients undergoing HD. We found that HSPB7
protein level of CKD patients undergoing HD
was high in the serum, while the tetranectin
protein was low compared to healthy individuals.
Additionally, we reported that laboratory

parameters as Hb, albumin, lymphocyte, and
platelet levels were decreased, and glucose,
urea, CK, CRP values were increased in the HD
patients.

Patients with CKD undergoing HD have a
significantly higher risk of CVD than the general
population, and approximately 50% of the
causes of death are due to CVDs. Progressive
destruction of renal parenchyma and loss of
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functional nephrons are characteristic of CKD
pathology [2]. The most important indicator
of CKD is the irreversible decrease in GFR
over time. In today’s diagnosis of CKD, many
laboratory parameters, especially GFR levels in
the blood, are important [22].

It is known that inflammation plays a
significant role in the mortality of HD patients
and HD treatment itself increases the production
of inflammatory mediators in CKD patients [23].
In recent years, due to the advantage of easily
obtaining routine hemogram and laboratory
parameters without adding an economic burden,
they have become the focus of researchers
as indicators of inflammation. Among these
parameters, CRP is a parameter that indicates
inflammation in patients undergoing HD
treatment, and a positive correlation has
been detected between CRP levels and the
development of CVD [24].

In studies conducted, it has been shown
that in patients undergoing HD treatment CRP
increases and albumin decreases, and Alanli et
al. [24] have suggested that these parameters
can be used to evaluate the risk of mortality in
HD patients [25]. In this study, in line with the
literature, it was found that CRP levels were high
and albumin levels were low in CKD patients
undergoing HD treatment compared to controls.

Another laboratory finding is that CK
isoenzyme and urea levels are high in patients
with CKD undergoing HD treatment [26]. In this
study, in line with the literature. CK and urea
levels were found to be statistically significantly
higherin CKD patients undergoing HD treatment
compared to controls.

Platelets, one of the routine hemogram
parameters, secrete inflammatory mediators
and growth factors taking part in hemostasis,
inflammation, and tissue repair [27]. A decrease
in lymphocyte count is observed in many
inflammatory diseases. NLR is a hemogram
parameter obtained by dividing the number of
neutrophils by lymphocytes. In previous studies,
it has been reported that NLR has a negative
correlation with GFR, a positive correlation with
the stage of CKD, and thrombocytopenia is
observed in patients undergoing HD treatment
[28]. In this study, in line with the literature, it
was found that lymphocyte and platelet levels
were statistically significantly lower and NLR
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levels increased in CKD patients undergoing
HD treatment compared to controls.

Studies have shown that CVDs can develop
in CKD patients undergoing HD treatment.
Ng et al. [8] reported a significant increase in
cardiac mortality in patients undergoing HD
treatment with CKD. In patients with CKD
undergoing HD treatment, it is thought that HD
treatment can lead to the development of CVD
due to a decrease in perfusion of vital organs
(heart, intestines, kidneys, and brain) and can
also be considered as a reason for progressive
dysfunction in the cardiovascular system due to
an increase in arterial pressure and total blood
volume [29, 30].

HSPs, which constitute approximately 10%
of all cellular proteins, have the main function
of preventing the accumulation of denatured
proteins and controlling protein homeostasis
[31]. It has been found that they increase not
only in response to increased temperature
but also to many adverse conditions such as
toxins, inflammation, ischemia, and hypoxia
[32]. The expression of HSPB7 increases under
different adverse stress conditions. HSPB7
can participate in the selective degradation of
denatured proteins in autophagosomes, control
the redox state, and assemble and protect the
cell skeleton [33]. Data obtained from studies
have characterized HSPB7 as a protein mainly
expressed in the heart and named it as a cardiac
heat shock protein. It has been concluded that
HSPB7 affects cardiac morphogenesis and
can accompany congenital and acquired heart
diseases [34]. HSPB7 stabilizes by binding to
sarcomeric proteins and maintains contraction
integrity [14]. In addition, it is necessary for
the growth of ventricular cardiomyocytes to
maintain the number and size of cells [34]. Loss
of HSPB7 protein from cardiac tissue leads
to irregularities in myofibrils and disruption of
the sarcolemma structure. When HSPB7 is
released from muscle tissue, its levels increase
in the serum. On the other hand, the expression
of HSPB7 protein in muscle tissue prevents
the apoptosis of myocardial cells by providing
reoxygenation and protects the heart from the
harmful effects of ischemia-reperfusion [35].
In the study conducted by Liao et al. [36], they
found that the dislocation of HSPB7 resulted in
the disruption of the gap-junction complex and
intercalated disc structures in cardiomyocytes.
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This led to a decrease in the expression of
connexin 43 and mislocalization of N-cadherin
and desmoplakin proteins, inducing arrhythmic
sudden death. In this study, it has been
demonstrated that serum HSPB7 levels in
CKD patients undergoing HD treatment have
significantly increased compared to the control
group. This finding suggests that the increase in
the HSPB7 protein in muscle tissue may be due
to potential damage that could have developed
in cardiomyocytes as a result of HD treatment.

Tetranectin is a type C lectin that specifically
binds to the plasminogen kringle-4 domain,
thereby enhancing plasminogen activation,
making it an endogenous ligand [37]. It
primarily plays a role in tissue remodeling and
development [38]. Tetranectin released from
platelets possesses anti-thrombotic properties
(through increased plasminogen activation) and
anti-proliferative characteristics (associated with
endothelium) [39]. One of the most significant
effects of tetranectin is to support better blood
circulation in the heart muscles. In a study
conducted by Yin et al. [39], it was found that
tetranectin levels were inversely proportional
to the risk of cardiovascular events (CVD), and
Chen et al. [40] found lower serum tetranectin
levels in relation to the prognosis of coronary
artery disease. In this study, it was demonstrated
that serum tetranectin levels in CKD patients
undergoing HD treatment have significantly
decreased compared to the control group.
This finding suggests that the decrease in this
heart-specific protein may result from potential
damage that could occur in cardiomyocytes as
a result of HD treatment.

In conclusion, despite some limitations in this
study, it was determined for the first time that
serum HSPB7 levels increased and tetranectin
levels decreased in CKD patients undergoing
HD treatment. As a result, our findings suggest
that changes in these proteins specific to
the heart muscle may serve as indicators for
potential CVD developments that are important
in terms of morbidity and mortality in CKD
patients receiving HD treatment.

There are certain limitations to our study.
The study was conducted based on a single
center, and patients from other centers were not
included. Although a larger sample could not be
examined, power analysis was performed, and
an adequate number of patients were included

accordingly. In future studies, monthly follow-
ups can be conducted during hemodialysis
treatment in CKD patients, allowing the
observation of changes in these proteins over
time, and confirming the ELISA results with RT-
PCR.

Conflict of interest: No conflict of interest was
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