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Abstract

and strong predictor of CV as well as SCD mortality.

Background: Decreased heat shock protein 27 (HSP27) participates in many processes that are involved in
cardiovascular (CV) disease. The objective of the study was to evaluate if HSP27 level was predictive of mortality as
well as to evaluate factors associated with HSP27 level in a group of patients treated with HD.

Methods: Enrolled to the study were 202 HD patients. Clinical data, biochemical, echocardiographic, and carotid
atherosclerosis parameters were evaluated. Patients were splited into groups on the basis of the cut-off lower and
higher 50th percentile of serum HSP27 levels, and were followed-up for 28.68 + 6.12 months.

Results: No significant difference was observed between serum HSP27 levels in patients and controls. Low HSP27
patients were older, had higher left ventricular mass index, lower ejection fraction, higher prevalence of diabetes,
myocardial infarction and carotid atherosclerosis, higher C-reactive protein level, and worse oxidant/antioxidant
status. The multiple regression analysis identified that HSP27 levels were independently, negatively associated with
serum oxidized LDL and the number of carotid plaques. Using the Kaplan—-Meier analysis it was shown that the
cumulative incidences of both CV and sudden cardiac death (SCD) mortality were higher in low HSP27 group in
comparison with high serum HSP27 group. A multivariate Cox analysis showed that HSP27 level is an independent

Conclusions: Low serum HSP27 level is independently associated with both CV and SCD mortality but not with
all-cause mortality. Low serum HSP27 level is associated with carotid atherosclerosis and oxidative stress.
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Background
In recent years mortality rate is falling 2—3% per year in
hemodialysis (HD) patients, however it is still substantially
higher compared with general population, even after con-
trolling for age, gender, and co-morbidities [1, 2]. Cardio-
vascular (CV) diseases have been identified as the main
cause of death in HD patients [1-6]. In particular, sudden
cardiac death (SCD) significantly contributes to increased
mortality, and is considered the most common cause of
death in HD patients [6-9].

Heat-shock proteins (HSPs), initially recognized in
Drosophila melanogaster in response to heat shock, are
present in all cells of all organisms from bacteria to
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humans [10-13]. HSPs are highly conserved chaperone
proteins that interact with other proteins to facilitate
normal cellular functions. HSPs play crucial roles in
folding and unfolding of proteins, assembly of multipro-
tein complexes, transport and sorting of proteins into
correct subcellular compartments, cell-cycle control and
signaling, and protection of cells against different forms
of cellular stress, including oxidative stress, as well as
apoptosis [11-17]. Heat shock protein 27 (HSP27) be-
longs to the small molecular weight HSP family, and ap-
pears to serve a significant role in CV system. HSP27 is
considered both a potential biomarker of disease and in-
jury as well as potential therapeutic target [18, 19]. It
has been demonstrated that HSP27 functions as an anti-
oxidant, exerts cytoprotective effects, inhibits apoptosis,
attenuates medication- as well as endotoxin-induced
myocardial injury [11-13, 15, 16, 20, 21]. Very recent
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studies revealed that in humans low serum HSP27 levels
predict atrial fibrillation recurrence after catheter abla-
tion [20] and are inversely associated with plaque burden
in coronary artery and prognosis of future adverse clin-
ical events [19].

Given the role of HSP27 plays in CV system and that
chronic inflammation, oxidative stress, and enhanced
apoptosis are characteristic features of renal failure we
thought that HSP27 could be a potential biochemical in-
dicator useful in risk stratification in patients treated
with HD.

The objective of the study was to: (1) prospectively
evaluate if HSP27 was predictive of all-cause, CV as well
as SCD mortality in a group of patients treated with HD,
and (2) to assess the possibile associations between
HSP27 and biochemical, echocardiographical as well as
clinical factors.

Material and methods

Patients

Included to the study were adult patients treated with
HD at two dialysis units in Lublin (Poland) from March
2010 to May 2015. The following exclusion criteria were
applied: HD treatment less than 3 month (to include ex-
clusively patients with end-stage kidney disease), ad-
vanced neoplastic diseases reducing the chance of
survival for 3 months, and patients displaying symptoms
of acute infections at baseline (to reduce the possible in-
fluence of transient factors on HSP27 level). Given that
it was not possible to estimate population size meeting
the criteria used in our study, the sample size calculation
was not performed. Included were all available HD pa-
tients in Lublin. Informed consent was obtained from all
participating patients and the studies were approved by
the Ethical Committee of Medical University of Lublin.

Biochemical variables

Routine tests including electrolytes, hemoglobin, creatin-
ine, urea, C-reactive protein (CRP), total protein, albumin,
intact parathormone (PTH), lipids profile, and troponin T
were measured by automated analyzers. Serum total
antioxidant status (TAS) as well as serum total oxidant
status (TOS) were evaluated by using colorimetric method
(Immundiagnostik AG, Germany). TAS assay uses the
ability of antioxidants in the serum to inhibit the
formation of ABTS" (2,2'-Azino-di-[3-ethylbenzthiazoline
sulphonate]) from the oxidation of ABTS by metmyoglo-
bin (a peroxidase). TOS assay is based on the oxidation of
ferrous ion to ferric ion in the presence of various oxida-
tive species. Serum HSP27, NT-proBNP, and oxidized
LDL (oxLDL) were measured by the ELISA method
(Biomedica). All measurements were taken at the begin-
ning of the evaluation, the day after the dialysis session.

Page 2 of 9

Control group

Serum HSP27 was evaluated in 42 gender- (21 F and 21 M)
and age-matched (69.2 + 6.1 years) controls. The control
group consisted of healthy volunteers, having no abnor-
malities detected by physical examination, chest X-ray and
laboratory analysis.,

Echocardiographic examination

All echocardiographic measurements were performed by
an experienced cardiologist who was blinded to the clin-
ical data of the study subjects in the morning after dialysis
[22] accordingly to the American Society of Echocardiog-
raphy recommendations [22, 23]. LVH was diagnosed
when LVMI exceeded 130 g/m” in males or exceeded 110
g/m? in females.

Evaluation of carotid atherosclerosis

Examination of the carotid arteries was performed in a B
mode presentation using the ultrasound system GE
LOGIQ 500 with a 6-12 MHz linear transducer as de-
scribed in detail previously [24]. Intima-media thickness
(IMT) as well as the number of plaques were measured
in all patients.

Follow-up data

From the day of baseline assessment patients were
followed for 36 months or until the date of death or kid-
ney transplantation. The end points of the study were
all-cause mortality, CV mortality and SCD. The definition
of CV death was in line with that presented in Standard-
ized Definitions for End Point Events in Cardiovascular
Trials [25]. SCD was defined according to Hemodialysis
(HEMO) trial [6].

Statistical analysis

Statistical analysis was carried out using Statistica Version
10 as described in detail previously [26]. Linear regression
analysis was performed by using the Pearson or Spearman
test, as appropriate. When non-normally distributed, data
were transformed logarithmically before analysis was car-
ried out. For further analysis, patients were splited into
groups using the cut-off lower and higher 50th percentile
of serum HSP27 levels (low HSP27 and high HSP27
groups, respectively). Significance of differences between
low and high HSP27 groups was assessed using t-Students
test. Multiple stepwise regression analysis was performed
to estimate the potential influence of various factors on
HSP27 level. Qualified to the model were parameters that
displayed differences with a p value < 0.05 between high
and low HSP27 groups. The prognosis value of serum
HSP27 for predicting the study outcomes was assessed by
the Kaplan—Meier method (the log-rank test) for all-cause
mortality, CV mortality as well as SCD. Cox proportional
hazard regression analysis was used to analyze relations
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between baseline parameters and endpoints. In multivari-
ate Cox models, all variables that reached the value of p <
0.15 in the univariate analysis were included. A statistical
significance level of p < 0.05 was used.

Results

Enrolled to the study were 202 HD patients (107 females
and 95 males), aged 41-91years (mean 70.1+8.13),
who were treated by HD from 1 to 167 months (mean
47.54 + 26.72). Patients had the following causes of
kidney failure: diabetes mellitus (n =84), glomerulo-
nephritis (n=41), hypertensive nephropathy (n=21),
polycystic kidney disease (n = 8), obstructive nephropathy
(n=6), chronic pyelonephritis (n =5), and unknown/un-
sure (n=37). Out of 202 patients who qualified to the
study, 80.2% were treated with angiotensin-converting en-
zyme inhibitors or angiotensin receptor blockers, 87.1%
were taking beta-blockers, and 63.4% received statin.
Previous myocardial infarction (MI) was diagnosed in
28.2% of patients, hypertension was present in 83.7% of
patients, 54.0% of patients were diabetic. Systolic dysfunc-
tion was diagnosed in 25.2% of patients, whereas LVH
occured in 64.9% of enrolled patients.

Serum HSP27 levels did not differ between patients and
controls (30.13 +9.09 pg/l and 34.06 + 8.16 pg/l, p =0.101).
No difference was found between HSP27 levels in HD
females and males (29.89 + 8.44 vs. 30.34 + 8.75, p = 0.673).

Low and high HSP27 groups were created on the basis
of the cut-off lower and higher 50th percentile of serum
HSP27 levels. Patients qualified to the low HSP27
group were older (p =0.009), had higher prevalence of
MI (p < 0.001), as well as diabetes (p = 0.007). With regard
to echocardiographic parameters, low HSP27 patients had
higher LVMI (p <0.001), and lower EF (p <0.001) com-
pared to individuals with high HSP27 levels. In the
case of biochemical indices, low HSP27 patients had
higher CRP (p=0.006) TOC (p<0.001) as well as
oxLDL levels (p<0.001), whereas TAC level was
lower (p =0.011). Low HSP27 subjects had also higher
IMT value (p=0.008) and increased plaque burden
(p <0.001). Basic demographic data, clinical and biochem-
ical data of HD patients are presented in Table 1.

The results of multiple regression analysis showed that
HSP27 levels were independently inversely associated
with: (i) oxLDL and (ii) number of atherosclerotic pla-
ques (Table 2).

The average follow-up period was 28.68 + 6.12 months
(range 2-36 months). During the follow-up period 71
death for any reason were reported (35.1%), and mortal-
ity rate was 11.7% per year. Deaths from CV causes
accounted for 49.3% of all death, and SCD accounted for
25.3% of all deaths. Malignancy and infectious complica-
tions were responsible for 9.9 and 12.6% of all death, re-
spectively. All other reasons as well as unknown and
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unsure reasons were responsible for 28.2% of all death.
Renal transplantation was performed in 12 patients.

Using the Kaplan—Meier analysis it was shown that
the cumulative incidence of death for any reason did
not differ between low and high HSP27 groups
(log-rank, p =0.126; Fig. 1a). It was also revealed that
the cumulative incidence of both CV and SCD mortal-
ity was higher in low HSP27 patients compared to high
HSP27 patients (log-rank, p =0.009 and p = 0.005, re-
spectively; Fig. 1b and c, respectively). In order to con-
trol for possible confounders Multivariate Cox analysis
was performed. Entered to the model were univariate
predictors of cardiac mortality. The results of both uni-
variate and multivariate Cox analyses are presented in
Tables 3, 4, 5. In the case of all-cause mortality the in-
dependent predictors were age [hazard ratio (HR) 1.97,
p <0.001], hemoglobin [HR 1.34, p = 0.006], and CRP
[HR 1.38 p=0.012]. In the case of CV mortality the in-
dependent predictors were age [HR 1.68, p<0.001],
HSP27 [HR 3.23, p <0.001], and troponin T [HR 1.72,
p =0.008]. In the case of SCD the independent predictors
were age [HR 1.30, p < 0.001], HSP27 [HR 2.75, p = 0.001],
and EF [HR 1.31, p = 0.008].

Discussion

Three key findings were generated in our study: (1) serum
HSP27 did not differ between patients compared with
controls, (2) low serum HSP27 is associated with carotid
atherosclerosis and oxidant status, (3) low serum HSP27
level is an independent predictor of CV mortality as well
as SCD but not all-cause mortality in HD patients.

To our knowledge this is the first study to compare
serum HSP27 levels between HD patients and controls.
The lack of difference in serum HSP27 between HD pa-
tients and controls is suprising. It may be, however, the
resultant of two processes: renal function and the accu-
mulation of CV diseases. Data on the effect of renal
function on HSP27 levels are divergent. Some authors
have demonstrated a significant association between
HSP27 and renal function both in healthy volunteers
[27] and in non-dialysis, non-diabetic chronic kidney
disease patients [28]. Others, however, have found that
HSP27 plasma levels were not influenced by kidney
function [29]. Similarly, data on the effect of various CV
diseases on HSP27 levels are divergent. Traxler et al
[29] have found elevated HSP27 serum concentrations
in patients with heart failure. Other studies have docu-
mented, however, an inverse relation between HSP27
plasma levels and multiple forms of atherosclerosis, such
as coronary artery disease, abdominal aortic aneurysm
and peripheral artery disease [13, 19, 30, 31]. In HD pa-
tients both heart failure and atherosclerosis are preva-
lent. Thus, the relationship of HSP27 with renal
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Table 1 Basic demographic data, clinical and biochemical data of patients
parameter All patients Low HSP27 High HSP27 p
n=202 n=101 n=101
Age (years) 70.1£8.13 718£7.78 684+ 821 0.009
HD vintage (months) 57542672 58.11+2534 57.02£26.16 0.387
MI (%) 282 34.7 21.8 <0.001
Diabetesmellitus (%) 54.0 574 50.5 0.007
Hypertension (%) 83.7 87.1 80.2 0.187
Smoking 183 16.8 19.8 0.223
Beta-blockers (%) 87.1 85.1 89.1 0.278
ACE/ARB (%) 80.2 79.2 82.2 0.301
Statins (%) 634 64.4 624 0.693
LVMI (g/mz) 1442 +42.74 159.2 +38.68 129.2+£41.83 <0.001
EF (%) 56.83 +6.33 53.72+621 60.02 + 5.96 <0.001
Hemoglobin (g/dL) 1127 £1.11 11.63+1.08 1090+ 1.02 0.098
Total cholesterol (mg/dL) 1874 +37.35 188.1£37.11 186.0 + 35.87 0674
LDL cholesterol (mg/dL) 116.9+31.03 116.1+30.13 1183 +28.02 0.632
HDL cholesterol (mg/dL) 43.12+1811 434+17.86 42,67 £ 1445 0.711
Triglycerides (mg/dL) 1721£6124 170.2 £ 5954 1757 £54.9 0314
PTH, range (pg/mL) 384 (0.0-1212) 355 (0.0-924) 448 (0.0-1212) 0.217
Albumin (g/dL) 368+0.37 369+0.36 3.68£0.32 0.825
CRP, range (mg/dL) 7.28 (0.19-112.1) 12.72 (0.019-112.1) 5.04 (0.22-47.4) 0.006
Troponin T, range (ug/L) 0.059 (0.00-0.773) 0.071 (0.00-0.773) 0.044 (0.032-0.775) 0.084
NT-proBNP (fmol/ml) 3143 £1054 33871055 2959+111.8 0.188
Sodium (mmol/L) 1378 +£2.63 137.7 £ 261 1380+ 2.69 0.622
Potassium (mmol/L) 5.70£0.65 572+067 5.69 £ 0.64 0.742
Calcium (mmol/L) 247 £0.23 246+0.22 248 £0.24 0513
Phosphate (mmol/L) 224+037 218+0.21 230£023 0.103
Ca x P product mg’/dI” 4844+ 968 46.99+9.28 49.72+9.34 0211
TAC (umol/1) 2504 +31.90 238+ 3132 261 +32.63 0.011
TOC (umol/l) 358 (48-1275) 611 (197-1275) 277 (48-623) <0.001
oxLDL (mg/L) 156+ 043 1.83+042 139+ 041 <0.001
IMT (mm) 0.845+0.276 0.886 = 0.268 0.793£0.274 0.008
Number of plaques (n) 386+2.13 462+ 163 321+£1.77 <0.001

CAD coronary artery disease, M/ history of myocardial infarction, ACE/ARB angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, LVMI Left ventricular
mass index, LVH Left ventricular hypertrophy, EF Ejection fraction, PTH parathormon, CRP C-reactive protein, NT-proBNP N-terminal pro-hormone brain natriuretic

peptide, TAC total antioxidant capacity, TOC total oxidant capacity, oxLDL oxidized LDL, IMT intima-media thickness

function and its pathophysiology remain to be evaluated
in further studies.

Moreover, results of the present study have revealed
negative association between carotid atherosclerosis
expressed as the number of plaques and serum HSP27

levels. Given that carotid artery atherosclerosis mirror
either general atherosclerosis or atherosclerotic changes
located in coronary artery, our results are consistent
with previous studies that found a strong inverse rela-
tionship between serum HSP27 levels and plaque burden

Table 2 Factors influencing HSP27 estimated by multivariate stepwise regression analysis

Dependent variable Independent variables B St. error Beta p
HSP27 oxLDL -0.502 0.027 0351 0.001
Number of plaques -1223 561 0.289 0.012

Model (R = 0652, R = 0.396)
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Table 3 Uni- and multivariate predictors of all-cause mortality
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Parameter Univariate HR (95% Cl) p Multivariate HR (95% Cl) p

Age 248 (1.93-2.81) < 0.001 1.97 (148-2.31) <0.001
Diabetes mellitus 147 (0.85-1.99) 0.008 1.22 (0.57-1.85) 0327
History of MI 41 (091-1.75) 0.007 148 (0.73-2.45) 0.181
LVMI 143 (0.62-2.45) 0.224

EF 2321 (1.75-2.97) 0.092 1.93 (068-3.21) 0.367
TOC 1.84 (1.03-2.46) 0.186

TAC 1.56 (0.91-343) 0314

oxLDL 1.79 (0.83-3.15) 0.169

Phosphate 268 (1.56-4.18) 0325

Hemoglobin 1.67 (1.27-2.35) 0.003 1.34 (0.87-1.81) 0.006
Troponin T 1.57 (0.67-2.38) 0.186

CRP 1.72 (1.27-2.19) 0.002 1.38 (0.76-1.93) 0.012
IMT 1.02 (0.36-1.75) 0376

Number of plaques 0.93 (0.34-1.89) 0385

HSP-27 2.64 (1.89-3.46) 0.009 2.19(1.18-3.81) 0.106

In multivariate analysis included were all variables with a p value < 0.15 in the univariate analysis. HR hazard ratio, CI confidence interval, M/ myocardial infarction,
LVMI left ventricular mass index, EF ejection fraction, TOC total oxidant capacity, TAC total antioxidant capacity, oxLDL oxidized LDL, CRP C-reactive protein, IMT
intima-media thickness, HSP-27 heat shock protein 27. In the multivariate analyses, parameters with a p <0.15 were entered

in coronary arteries [19] as well as carotid atheroscler-
osis [30]. It has been also reported in a small cohort of
HD patients that serum HSP27 inversely correlated with
carotid IMT [32]. Our results are also consistent with
experimental studies that documented the inverse rela-
tionship between HSP27 and atherosclerosis [11, 18, 31,
33], and that increasing serum HSP27 levels attenuated

Table 4 Uni- and multivariate predictors of cardiovascular mortality

the develompent of atherosclerosis and shifted palques
to a more stable morphology [19].

Our study has revealed that decreased HSP27 level
was independently associated with oxidative stress,
expressed as increased oxLDL level. These results are in
agreement with previous studies which revealed that
HSP27 functions as antioxidant [11-14, 16, 17, 34].

Parameter Univariate HR (95% Cl) p Multivariate HR (95% Cl) p

Age 218 (1.5 71) < 0.001 1.68 (1.25-2.21) <0.001
Diabetes mellitus 3 (049-2.27) 0.274

History of MI 1(0.92-2.24) 0.008 1.39 (0.71-2.49) 0.136
LVMI 1(1.65-3.23) 0.105 1.86 (0.93-3.12) 0.345
EF 1.28 (0.61-2.45) 0.219

TOC 1.75 (1.26-2.44) 0.011 1.53 (1.11-2.79) 0214
TAC 1.86 (1.01-3.44) 0.257

oxLDL 149 (0.93-2.65) 0.163

Phosphate 0.89 (0.33-1.97) 0311

Hemoglobin 1.62 (0.98-2.67) 0.247

Troponin T 1.84 (1.35-2.59) 0.007 1.72 (1.24-2.34) 0.008
CRP 1.35 (0.75-1.82) 0.024 1.15 (043-1.98) 021
IMT 146 (0.85-1.83) 0.019 1.37 (0.52-2.11) 0.136
Number of plaques 1.23 (0.63-2.29) 0.279

HSP-27 397 (3.49-4.58) <0.001 323 (267-3.71) <0.001

In multivariate analysis included were all variables with a p value < 0.15 in the univariate analysis. HR hazard ratio, CI confidence interval, M/ myocardial infarction,
LVMI left ventricular mass index, EF ejection fractionm, TOC total oxidant capacity, TAC total antioxidant capacity, oxLDL oxidized LDL, CRP C-reactive protein, IMT
intima-media thickness, HSP-27 heat shock protein 27. In the multivariate analyses, parameters with a p <0.15 were entered
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Table 5 Uni- and multivariate predictors of sudden death mortality

Page 7 of 9

Parameter Univariate HR (95% Cl) p Multivariate HR (95% Cl) p

Age 1.68 (1.12-2.71) < 0.001 1.30 (0.95-1.76) <0.001
Diabetes mellitus 1.54 (0.52-2.67) 0.356

History of MI 1.72 (0.65-2.68) 0.198

LVMI 268 (1.87-3.83) 0.285

EF 147 (0.83-1.94) 0.002 131 (0.79-1.74) 0.008
TOC 2.15(1.12-3.94) 0.239

TAC 1.37 (0.62-2.56) 0311

oxLDL 1(0.101-2.98) 0.072 146 (0.77-3.18) 0.205
Phosphate .19 (041-1.99) 0.275

Hemoglobin 1.32 (0.68-2.07) 0.235

Troponin T 1.94 (1.35-248) 0.011 143 (0.66-2.24) 0.113
CRP 0.95 (0.55-1.62) 0.278

IMT 1.71 (041-2.87) 0312

Number of plaques 141 (0.53-2.69) 0.244

HSP-27 3.18 (268-3.97) < 0.001 275 (2.37-344) 0.001

In multivariate analysis included were all variables with a p value < 0.15 in the univariate analysis. HR hazard ratio; CI confidence interval, M/ myocardial infarction,
LVMI left ventricular mass index, EF ejection fraction, TOC total oxidant capacity, TAC total antioxidant capacity, oxLDL oxidized LDL, CRP C-reactive protein, IMT
intima-media thickness, HSP-27 heat shock protein 27. In the multivariate analyses, parameters with a p <0.15 were entered

Strong evidence suggests that HD patients experience
imbalance between oxygen reactive species (ROS) pro-
duction and antioxidant defenses leading to enchanced
state of oxidative stress. It has been hypothesized that
oxidative stress and its sequel strongly contribute to in-
creased CV mortality in HD patients [35-41]. ROS
modifies LDL particles, turing them into oxLDL. Oxida-
tively modified LDL particles exhibit proinflammatory
and proatherogenic effects in vessel walls [41-43].
HSP27 functions as antioxidant lowering the levels of
ROS both by decreasing intracellular iron and increasing
intracellular levels of glutatione [14]. HSP27 may affects
oxLDLs contribution to atherogenesis both by compet-
ing with oxLDL uptake into macrophages and by lower-
ing ROS production in endothelial cells, diminishing
oxidative modification of LDL [18, 43]. Additionally, in
low HSP27 group higher TOC and lower TAC levels
were observed.To the best of our knowledge, this is the
first study that showed the link between HSP27 and
both TOC and TAC. The results of our study, however,
did not found both TOC and TAC as independent pre-
dictors of mortality. Our results are contrary to the re-
sults of Antunovic et al. [44], who found that TAS was
an independent predictor of the all-cause mortality in a
group of HD patinets. Given the above, HSP27 seems to
be a molecule linking cardiovascular mortality with oxi-
dative stress in HD patients.

In this study we demonstrated for the first time that
plasma levels of HSP27 are a potential biomarker for
predicting both CV and SCD mortality in HD patients.
A significant separation of the Kaplan—Meier curves was

observed early after the beginning of the follow-up and
and it remained separated until the end of follow-up for
both CV and SCD mortality. Additionally, after control-
ling for possibile confounders multivariate Cox analysis
showed that HSP27 remained an independent predictor
of both CV and SCD mortality. Considering the high
prevalence of CV diseases and high moratlity rate of car-
diac events, early identification of patients at risk of in-
creased CV mortality, including SCD is of clinical
significance. The prognostic value of HSP27 for estimat-
ing the risk of CV mortality in HD patients is in line
with previous study of Seibert et al. [19], who revealed
that low HSP27 was predictive of CV events in patients
with coronary artery disease. HSP27 may exhibit cardio-
protective effects by its antioxidant and anti-apoptotic
properties, the role in attenuating atherogenesis by
modifying lipid uptake and inflammation in the plaque
as well as the ability of HSP27 to protect the endothe-
lium from ischemia [11, 12, 14, 18, 33, 43]. A particu-
larly interesting issue, although impossible to clarify at
the present stage of our study, is the question whether
HSP27 is only an indicator of poor prognosis or whether
it potentially identifies pathogenic mechanisms under-
lying the increased CV as well as SCD mortality. In our
study serum HSP27 levels were not predictive of
all-cause mortality. HSP27 plays a significant role in car-
cinogenesis, and may have potential clinical uses as bio-
marker for cancer diagnosis, for assessing disease
progression, or as therapeutic targets for cancer therapy
[45]. Given that malignancy is prevalent in HD patients
lack of association between HSP27 and all-cause
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mortality may result from the dichotomous role of
HSP27 in CV disease versus cancer.

The limitations of the study include relatively small
number of subjects, however, it was sufficient to show a
predictive value for HSP27 concentration. Our results
are merely descriptive and a pathophysiologic explan-
ation for the impact of HSP27 needs to be part of fur-
ther studies. Finally, it is likely that serial instead of
single measurements of HSP27 levels may influence the
results, which will make HSP27 a more or less useful
parameter in determining clinical events in HD patients.

Conclusions

Low serum HSP27 concentration is independently asso-
ciated with CV as well as SCD mortality but not with
all-cause mortality. Low serum HSP27 level is associated
with carotid atherosclerosis and oxidative stress.

Abbreviations

ACE/ARB: Angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers; CAD: Coronary artery disease; CRP: C-reactive protein;

CV: Cardiovascular; ESRD: End-stage renal disease; HD: Hemodialysis;

HSP: Heat-shock protein; IMT: Intima-media thickness; LVH: Left ventricular
hypertrophy; LVMI: Left ventricular mass index; MI: Myocardial infarction; NT-
proBNP: N-terminal pro-hormone brain natriuretic peptide; oxLDL: Oxidized
LDL cholesterol; PTH: Intact parathormone; SCD: Sudden cardiac death;

TAS: Total antioxidant status; TOS: Total oxidant status

Acknowledgements
Not applicable.

Funding
Medical University of Lublin. Award number PW232. Recipient — Andrzej Jaroszyriski.

Availability of data and materials
All data used and/or analysed during the current study are presented in the
manuscript or available from the corresponding author on reasonable request.

Authors’ contributions

AJJ - conceived of the study, and participated in its design and coordination,
and wrote the manuscript; AJ — carried out echocardiography, participated in
its design and coordination, and analyzed data; TZ — analyzed and
interpretaded data; ADZ - carried out evaluation of carotid atherosclerosis;

TZ - carried out echocardiography, participated in its design and coordination,
WD - analyzed and interpreter data conceived of the study, and participated in
its design and coordination. All authors read and approved the final manuscript.

Ethics approval and consent to participate

Informed consent was obtained from all participating patients and the
studies were approved by the Ethical Committee of Medical University of
Lublin (KE-0254/125/2011).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
"Institute of Medical Sciences, Jan Kochanowski University in Kielce, Al. IX
Wiekéw Kielc 19A, 25-317 Kielce, Poland. *Department of Family Medicine,

Page 8 of 9

Medical University of Lublin, Lublin, Poland. *Department of Interventional
Radiology and Neuroradiology, Medical University of Lublin, Lublin, Poland.
“Department of Cardiology, Medical University of Lublin, Lublin, Poland.
*Department of Anesthesiology and Intensive Care, Medical University of
Lublin, Lublin, Poland.

Received: 30 August 2017 Accepted: 28 November 2018
Published online: 17 December 2018

References

1. Collins A, Foley R, Gilbertson T, Chen S. United States renal data system
public health surveillance of chronic kidney disease and end-stage renal
disease. Kidney Int Suppl. 2015;5:2-7.

2. Collins AJ, Kasiske B, Herzog C, et al. Excerpts from the United States renal
data system 2006 annual data report. Am J Kidney Dis. 2007;49:1-296.

3. Vogelzang J, van Stralen K, Noordzij M, et al. Mortality from infections and
malignancies in patients treated with renal replacement therapy: data from
the ERA-EDTA registry. NephrolDial Transplant. 2015,30:1028-37.

4. de Jager D, Grootendorst D, Jager K, et al. Cardiovascular and non cardiovascular
mortality among patients starting dialysis. JAMA. 2009;302:1782-9.

5. Herzog C, Ma J, Collins A. Poor long-term survival after acute myocardial
infarction among patients on long-term dialysis. N Engl J Med. 1998;339:
799-805.

6. Cheung A, Sarnak M, Yan G, et al. HEMO study group. Cardiac diseases in
maintenance hemodialysis patients: results of the HEMO study. Kidney Int.
2004;65:2380-90.

7. DiLullo L, Rivera R, Barbera V, et al. Sudden cardiac death and chronic
kidney disease: from pathophysiology to treatment strategies. Int J Cardiol.
2016;217:16-27.

8. Poulikakos D, Banerjee D, Malik M. Risk of sudden cardiac death in chronic
kidney disease. J Cardiovasc Electrophysiol. 2014;25:222-31.

9. Jaroszynski A, Zatuska W, Ksiazek A. Effect of haemodialysis on regional and
transmural inhomogeneities of the ventricular repolarisation phase.
Nephron Clin Pract. 2005;99:24-30.

10. Ritossa F. Discovery of the heat shock response. Cell Stress Chaperones.
1996;1:97-8.

11.  Vidyasagar A, Wilson N, Djamali A. Heat shock protein 27 (HSP27): biomarker
of disease and therapeutic target. Fibrogenesis Tissue Repair. 2012;5(1):-7.
https://doi.org/10.1186/1755-1536-5-7.

12. Bakthisaran R, Tangirala R, RaoCh M. Small heat shock proteins: Role in
cellular functions and pathology. Biochim Biophys Acta. 1854;2015:291-319.

13.  Iturbe B, Johnson R. Heat shock proteins and cardiovascular disease. Physiol
Int. 2018;105:19-37.

14.  Arrigo A, Virot S, Chaufour S, Firdaus W, Kretz-Remy C, Diaz-Latoud C. Hsp27
consolidates intracellular redox homeostasis by upholding glutathione in its
reduced form and by decreasing iron intracellular levels. Antioxid Redox
Signal. 2005;7:414-22.

15. Li Z, Srivastava P. Heat-shock proteins. Curr Protoc Immunol. 2004. https://
doi.org/10.1002/0471142735.ima01ts58.

16. Tian X, Zhao L, Song X, et al. HSP27 inhibits homocysteine-induced
endothelial apoptosis by modulation of ROS production and mitochondrial
caspase-dependent apoptotic pathway. Biomed Res Int. 2016,2016:4847874.
https://doi.org/10.1155/ 2016/ 4847874.

17.  Davila D, Jiménez-Mateos E, Mooney C, Velasco G, Henshall D, Prehn J.
Hsp27 binding to the 3'UTR of bim mRNA prevents neuronal death during
oxidative stress-induced injury: a novel cytoprotective mechanism. Mol Biol
Cell. 2014;25:3413-23.

18.  Ghayour-Mobarhan M, Saber H, Ferns G. The potential role of heat shock
protein 27 in cardiovascular disease. Clin Chim Acta. 2012;413:15-24.

19.  Seibert T, Hibbert B, Chen Y, et al. Serum heat shock protein 27 levels
represent a potential therapeutic target for atherosclerosis: observations
from a human cohort and treatment of female mice. J Am Coll Cardiol.
2013,;62:1446-54.

20. HuY, Yeh H, Tsao H, et al. Electrophysiological correlation and prognostic
impact of heat shock protein 27 in atrial fibrillation. Circ Arrhythm
Electrophysiol. 2012;5:334-40.

21, Brown D, Christine K, Showell C, Conlon F. Small heat shock protein Hsp27
is required for proper heart tube formation. Genesis. 2007;45:667-78.

22. Hickson L, Negrotto S, Onuigbo M, Scott C, Rule A, Norby S, et all.
Echocardiography criteria for structural heart disease in patients with end-
stage renal disease initiating hemodialysi. J Am Coll Cardiol. 2016,67:1173-82.


https://doi.org/10.1186/1755-1536-5-7
https://doi.org/10.1002/0471142735.ima01ts58
https://doi.org/10.1002/0471142735.ima01ts58
https://doi.org/10.1155/ 2016/ 4847874

Jaroszynski et al. BMIC Nephrology

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

(2018) 19:359

Lang R, Badano L, Mor-Avi V, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28:1-39.

Jaroszynski A, Czekajska-Chechab E, Drelich-Zbroja A, Zapolski T, Ksigzek A.
Spatial QRS-T angle in peritoneal dialysis patients: association with carotid
artery atherosclerosis, coronary artery calcification and troponin T. Nephrol
Dial Transplant. 2009;24:1003-8.

Hicks K, Hung H, Mahaffrey K et al. Standardized definitions for end point events
in cardiovascular trials. 2014. https//www.cdisc.org/system/files/all/standard/
Draft9%20Definitions%20for9%20CDISC%20August?2020%2C%202014.pdf.
Jaroszyniski A, Jaroszyriska SJ, Dabrowski W, Niedziatek J, Bednarek-
Skublewska A, Zapolski T, et al. The prognostic value of positive T-wave in
lead aVR in hemodialysis patients. Clin Exp Nephrol. 2015;19:1157-64.
Nakayoshi T, Adachi H, Ohbu-Murayama K, et al. Plasma heat shock protein
27 is increased in renal dysfunction and habitual smoking in a Japanese
general population. J Cardiol. 2016;67:110-4.

Lebherz-Eichinger D, Ankersmit H, Hacker S, et al. HSP27 and HSP70 serum
and urinelevels in patients suffering from chronic kidney disease. Clin Chim
Acta. 2012,413:282-6.

Traxler D, Lainscak M, Simader E, Ankersmit H, Jug B. Heat shock protein 27
acts as a predictor of prognosis in chronic heart failure patients. Clin Chim
Acta. 2017;473:127-32.

Martin-Ventura J, Duran M, Blanco-Colio L, et al. Identification by a
differential proteomic approach of heat shock protein 27 as a potential
marker of a atherosclerosis. Circulation. 2004;110:2216-9.

Jin G, Phillips V, Williams M, van Rij A, Jones G. Plasma heat shock protein
27 is associated with coronary artery disease, abdominal aortic aneurysm
and peripheral artery disease. Springerplus. 2014;3:635. https://doi.org/10.
1186/2193-1801-3-635 eCollection 2014.

Mohammadpour A, Nazemian F, Moallem S, Alamdaran S, Asad-Abadi E,
Shamsara J. Correlation between heat-shock protein 27 serum
concentration and common carotid intima-media thickness in hemodialysis
patients. Iran J Kidney Dis. 2011;5:260-6.

Rayner K, Chen Y, Siebert T, O'Brien E. Heat shock protein 27: clue to
understanding estrogen-mediated atheroprotection? Trends Cardiovasc
Med 2010; 20 : 53-57.

Zhang H, Jia K, Sun D, Yang M. Protective effect of HSP27 in atherosclerosis
and coronary heart disease by inhibiting reactive oxygen species. J Cell
Biochem. 2017. https.//doi.org/10.1002/jcb.26575.

Himmelfarb J, Stenvinkel P, Ikizler T, Hakim R. The elephant in uremia:
oxidant stress as a unifying concept of cardiovascular disease in uremia.
Kidney Int. 2002;62:1524-38.

Pedraza-Chaverri J, Sdnchez-Lozada L, Osorio-Alonso H, Tapia E, Scholze A.
New Pathogenic Concepts and Therapeutic Approaches to Oxidative Stress
in Chronic Kidney Disease. Oxid Med Cell Longev. 2016. https://doi.org/10.
1155/2016/6043601.

Poulianiti K, Kaltsatou A, Mitrou G, et al. Systemic Redox Imbalance in
Chronic Kidney Disease: A Systematic Review. Oxid Med Cell Longev. 2016.
https://doi.org/10.1155/2016/8598253.

Scholze S, Jankowski J, Pedraza-Chaverri J, Evenepoel P. Oxidative Stress in
Chronic Kidney Disease. Oxid Med Cell Longev. 2016. https.//doi.org/10.
1155/2016/8375186.

Ortiz A, Covic A, Fliser D, et al. Board of the EURECA-m Working Group of
ERA-EDTA. Epidemiology, contributors to, and clinicaltrials of mortality risk
in chronic kidney failure. Lancet. 2014;383:1831-43.

Dounousi E, Bouba |, Spoto B, et al. Genetic biomarker of oxidative stress,
the Paraoxonase-1 Q192R gene variant, associates with cardiomyopathy in
CKD: a longitudinal study. Oxidative Med Cell Longev. 2016. https://doi.org/
10.1155/2016/1507270.

Solbu M, Mjgen G, Mark P, et al. Predictors of atherosclerotic events in
patients on haemodialysis: post hoc analyses from the AURORA study.
Nephrol Dial Transplant. 2018;33:102-12.

Stepp D, Ou J, Ackerman A, Welak S, Klick D, Pritchard K. Native LDL and
minimalny oxidized LDL differentially regulate superoxide anion in vascular
endothelium in situ. Am J Physiol Heart Circ Physiol. 2002;283:750-9.
Batulan Z, PulakazhiVenu K, et al. Extracellular release and signaling by heat
shock protein 27: role in modifying vascular inflammation. Front Immunol.
2016;7:285. https://doi.org/10.3389/fimmu.2016.00285.

Page 9 of 9

44, Antunovic T, Stefanovic A, Gligorovic Barhanovic N, et al. Prooxidant-

45.

antioxidant balance, hsTnl and hsCRP: mortality prediction in haemodialysis
patients, two-year follow-up. Ren Fail. 2017,39:491-9.

Wu J, Liu T, Rios Z, Mei Q, Lin X, Cao S. Heat shock proteins and Cancer.
Trends Pharmacol Sci. 2017;38:226-56.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.cdisc.org/system/files/all/standard/Draft%20Definitions%20for%20CDISC%20August%2020%2C%202014.pdf
https://www.cdisc.org/system/files/all/standard/Draft%20Definitions%20for%20CDISC%20August%2020%2C%202014.pdf
https://doi.org/10.1186/2193-1801-3-635
https://doi.org/10.1186/2193-1801-3-635
https://doi.org/10.1002/jcb.26575
https://doi.org/10.1155/2016/6043601
https://doi.org/10.1155/2016/6043601
https://doi.org/10.1155/2016/8598253
https://doi.org/10.1155/2016/8375186
https://doi.org/10.1155/2016/8375186
https://doi.org/10.1155/2016/1507270
https://doi.org/10.1155/2016/1507270
https://doi.org/10.3389/fimmu.2016.00285

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Patients
	Biochemical variables
	Control group
	Echocardiographic examination
	Evaluation of carotid atherosclerosis
	Follow-up data
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

