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Abstract

Background: The family of heat shock proteins (HSPs) contains several members that regulate the cell response to any hazardous
factors to protect protein structure. The aim of the study was to determine whether serum levels of HSPs increase in children with IgA
nephropathy/Immunoglobulin A - associated vasculitis nephritis (IgAN/IgAVN) and to assess their relationship with the prognostic
factors.
Patients and Methods: Twenty - nine patients with IgAN/IgAVN, 41 patients with idiopathic nephrotic syndrome (INS) as a patient
control group, and 24 healthy controls were enrolled in the study. Renal function was normal in all participants. Serum levels of
HSP27, HSP40, HSP60, HSP70, and HSP90 were measured using an enzyme - linked immunosorbent assay (ELISA).
Results: Median serum levels of HSP27, HSP40, HSP60, HSP70 and HSP90 were significantly higher in the IgAN/IgAVN group than in
the INS group and controls (P < 0.05). Among these HSPs, only HSP60 had no overlap between patients and controls. Serum HSP40,
HSP60, HSP70 levels were significantly higher in the patients with INS than in controls (P < 0.05), whereas HSP27 and HSP90 were not
different. HSP27 was significantly higher in patients with proteinuria in the IgAN/IgAVN group than in patients with no proteinuria
(P = 0.045). None of these HSPs was related to the presence of crescent and severity of proteinuria in the IgAN/IgAVN group.
Conclusions: Our results demonstrated that serum levels of HSP27, 40, 60, 70, 90 increased in the patients with IgAN/IgAVN con-
sidering HSPs might have a role in pathogenesis of the disease. Among these HSPs, HSP60 was a prominent marker because it had
no overlap between patients and controls. Explaining the role of these HSPs in IgAN/IgAVN may pave the way for future treatment.
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1. Background

Heat shock proteins (HSPs) are intracellular chaper-
ones that are produced under stress conditions (1). HSPs
are categorized to their molecular weight such as small
HSPs (16-40 kDa), HSP60 (60 kDa), HSP70 (70 kDa), HSP90
(90 kDa) (1). As an intracellular chaperon, their main func-
tion is to provide cell survival via protecting protein struc-
ture (1). Some experimental and clinical studies show that
some HSPs have an effect in glomerular disease (2). Raz-
zaque et al (3) demonstrated that HSP47 expression was re-
lated to collagen production in diabetic nephropathy and
immunoglobulin A nephropathy (IgAN). Urine HSP70 lev-
els were found to be elevated in chronic glomerulonephri-
tis and these higher levels of HSP70 were associated with

disease prognosis (4). Lang et al. (5) demonstrated that
injection of HSP60 aggravated global glomerular necrosis
and tubulointerstitial damage in experimental immune-
mediated nephritis. Also, there is some evidence that
HSP25/27 has a role in the maintenance of podocyte struc-
ture in experimental studies of nephrotic syndrome (NS)
(6).

Immunoglobulin A nephropathy is the most common
primary glomerulonephritis in the adult population, it is
also a common glomerulonephritis in children (7). IgAN
has a wide spectrum of clinical presentations including
microscopic hematuria, and a different range of protein-
uria. End - stage renal disease (ESRD) develops in up to
half of patients within 20 years (7-9). Immunoglobulin A
- associated vasculitis is one of the most common vasculi-
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tides in children (10). Renal involvement of this disease is
mostly mild; however, a small percentage of patients have
a large amount of proteinuria or nephrotic syndrome and
impairment of renal function (10). ESRD may develop in
1-2% of patients with immunoglobulin A - associated vas-
culitis nephritis (IgAVN) (11). Also, IgAVN has the same im-
munohistologic features as IgAN (11).

It has been considered that HSPs may involve the
pathogenesis of glomerulonephritis and may aggravate
the disease or some of these HSPs may have a beneficial role
in the prognosis of NS (2). Therefore, we aimed to deter-
mine serum levels of HSPs in children with IgAN/IgAVN and
to assess their relationship with prognostic factors.

2. Methods

2.1. Patients andMethods

Twenty - nine patients with IgAN/IgAVN, 41 patients
with idiopathic nephrotic syndrome (INS) as a patient con-
trol group, and 24 healthy controls were enrolled in the
study. Sex distribution was not different among the three
groups (P > 0.005). Age distribution of the INS and control
groups was not significantly different (P > 0.05) although
the mean age was higher in the IgAN/IgAVN group than
in the other groups (P = 0.002). Approval for this study
was obtained from the Local Ethics Committee (Project No.
2015/367). Informed consent was obtained from the par-
ents of all participants.

2.2. Immunoglobulin A Nephropathy/Immunoglobulin A - asso-
ciated Vasculitis Nephritis Group

Twenty - nine patients with biopsy - proven IgAN/IgAVN
(7 female, 22 male) were enrolled in the study. Seventeen
had IgAN (58.6%) and 12 had IgAVN (41.4%). The mean age
of the IgAN/IgAVN group was 13.19 ± 4.57 years (range, 3.5
- 19 years). IgAN/IgAVN were diagnosed based on clinical,
laboratory, and immunohistopathologic findings. Mesan-
gial hypercellularity with predominant IgA deposition in
mesangium and/or capillary wall was described as IgAN in
patients without systemic involvement. European League
Against Rheumatism/ Paediatric Rheumatology European
Society (EULAR/PReS) consensus criteria were used for the
diagnosis of IgAVN (12). The mean duration between kid-
ney biopsy and sampling was 35.54± 32.12 months (range,
0 - 111 months). MEST [mesangial (M), endocapillary (E)
hypercellularity, segmental sclerosis (S) and interstitial fi-
brosis/tubular atrophy (T)] score was evaluated in accor-
dance with the Oxford classification (13). Eleven patients
had mesangial hypercellularity (M1), 13 had endocapillary
hypercellularity (E1), 6 had segmental glomerulosclerosis
(S1), and 2 had tubular atrophy (T1). Presence/absence of

crescents and number of crescents was recorded. Cellu-
lar crescents were defined as extracapillary proliferation of
cells in Bowman’s space with more than two cell layers (14).
Crescent formation was detected in 11 (35.48%) patients. Ten
patients were receiving angiotensin converting enzyme in-
hibitor (ACEi) and omega-3 fatty acids, 3 patients were re-
ceiving only omega-3 fatty acids, 2 patients were receiving
methylprednisolone orally, ACEi and omega-3 fatty acid,
and 2 patients were not receiving any treatment at the time
of sampling in the IgAN group. Four patients were receiv-
ing methylprednisolone orally, 2 patients were receiving
ACEi and omega-3 fatty acids, and 6 patients were not re-
ceiving any treatment at the time of sampling in the IgAVN
group.

2.3. Idiopathic Nephrotic Syndrome Group

Forty - one (16 female, 25 male) children with idiopathic
nephrotic syndrome (INS) were enrolled in the study as a
patient control group. The mean age of the INS patients
group was 9.2 ± 4.2 years (range, 3.5 - 17.8 years). Eighteen
of the patients were in remission after discontinuation of
steroid therapy, 11 were in remission but continued steroid
treatment, and 12 had active proteinuria despite steroid
use and other immune - suppressive treatments. Four pa-
tients had been receiving cyclosporine and one patient had
been receiving mycophenolate mofetil; these 5 patients
were diagnosed as having focal segmental glomeruloscle-
rosis (FSGS) in active proteinuria group. The remaining
seven patients with active proteinuria had a new episode of
nephrotic syndrome and still had proteinuria despite initi-
ation of steroid. INS was diagnosed in accordance with the
criteria of the International Study for Kidney Diseases in
Children (15). A kidney biopsy was performed in 15 patients
in the INS group; 5 had FSGS and 10 had minimal change
disease according to the renal biopsy.

2.4. Healthy Control Group

The healthy control group consisted of 24 healthy chil-
dren (13 females, 11 males) with no kidney disease in their
history or any acute and chronic diseases at the time of
blood sampling. The mean age of the healthy control
group was 10.69 ± 2.81 (4.5 - 15.8 years).

2.5. Physical Examination and Laboratory Measurements

Medical history and clinical findings of patients were
recorded and physical examination was performed at the
time of sampling. Patients with arterial blood pressure
over 95th percentile for age and sex were accepted as hav-
ing hypertension (16). Serum urea, creatinine, electrolytes,
lipids, total protein, albumin, urinalysis, and 24 - hour
urinary protein, serum HSP27, HSP40, HSP60, HSP70, and
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HSP90 were performed in all patients and controls. The
mean estimated GFR (eGFR) was calculated using Schwartz
formula (17). Renal function was normal in all patients ex-
cept one with eGFR 70 mL/min/1.73 m2 in IgAN group and
one with 77.9 mL/min/1.73 m2 in INS group. The presence of
five or more red blood cells per high power field in a urine
specimen was accepted as hematuria (18). Proteinuria was
determined as a positive dipstick reading of ≥ 1 + and uri-
nary excretion ≥ 4 mg/m2/hour in 24 - hour urine (18).

Venous blood samples were collected in tubes from the
antecubital vein, following an overnight fasting. The tubes
were centrifuged at 2000 g (10 min) to remove the serum.
The blood and serum samples were analyzed within an
hour. Serum urea, creatinine, total protein, albumin, and
other biochemical parameters were determined using a
Beckman Coulter AU5800 Clinical Chemistry, Dxl 800 Im-
munoassay Auto - Analyzer and commercial kits (Beckman
Coulter, CA, USA). Urine protein levels were measured us-
ing Siemens BNII nephelometric system (Siemens Health-
care Diagnostics, USA) with reagents and protocols pro-
vided by the manufacturer.

Serum levels of HSP27, HSP40, HSP60, HSP70 and
HSP90 were assessed by enzyme - linked immunosorbent
assay (ELISA) technique. Serum HSP27, HSP40, HSP60,
HSP70 and HSP90 were analyzed using Human Heat Shock
Protein 27 (hSP-27), 40(hSP-40), 60 (hSP-60), 70(hSP-70),
90(hSP-90) ELISA Kit (Cat No: 23324, 20960, 20989, 20959,
20958 respectively) purchased from Bio Medical Assay
(BMASSAY, Beijing, China) following the manufacturer’s in-
structions. Their levels were expressed as ng/mL. The de-
tection and quantification limits were set at < 0.05 ng/ml
for hSP-90, hSP-70, hSP-60, hSP-40 and < 0.1 ng/mL for hSP-
27. The ELISA kit shows no cross reactivity with any of the
cytokines. The intra-assay coefficient of variations (CV) of
hSP-27, hSP-40, hSP-60, hSP-70, hSP-90 were 4.5%, 5.1%, 4.7%,
5.3%, 4.7% and the interassay CV were 7.1%, 8.3%, 6.9%, 6.2%,
7.8% respectively.

2.6. Statistical Methods

Statistical calculations were performed using NCSS
2007 for Windows. Besides standard descriptive statistical
calculations (mean, standard deviation, median and IQR),
the Kruskal - Wallis test was used for the comparison of
groups, the Mann - Whitney U test was used for the com-
parison of two groups. The Chi - square test was performed
during the evaluation of qualitative data. Pearson’s cor-
relation test was used to determine the relationships be-
tween variables. The results were evaluated within a 95%
confidence interval. Statistical significance level was estab-
lished at P < 0.05.

3. Results

Median serum levels of HSP27, HSP40, HSP60, HSP70
and HSP90 were found significantly higher in patients
with IgAN/IgAVN than in the INS group and controls (P <
0.05) (Table 1). Serum HSP40, HSP60, HSP70 levels were sig-
nificantly higher in patients with INS than in the controls
(P < 0.05); HSP27 and HSP90 were not different between
two groups (Table 1). Among these HSPs, only HSP60 had
no overlap between patients and controls (Figure 1).

There was no correlation between age and serum
HSPlevels (P > 0.05). There was no difference between the
patients with IgAN and IgAVN regarding serum levels of
HSP27, HSP40, HSP60, HSP70, and HSP90 (P > 0.05) (Ta-
ble 2). Median HSP27 was 707.018 (561.053-1803.117) in pa-
tients with proteinuria and 643.158 (524.561-1364.156) in pa-
tients without proteinuria in the IgAN/IgAVN group. HSP27
was significantly higher in patients with proteinuria in the
IgAN/IgAVN group than in patients with no proteinuria (P
= 0.045). There was no relationship between the presence
of proteinuria and other HSPs. No HSPs were related to
severity of proteinuria and presence of crescents in the
IgAN/IgAVN group (P > 0.05). According to the MEST score,
there was no difference between M1 and M0, E1 and E0, S1
and S0, T1 and T0 regarding all HSPs (P > 0.05).

Also there was no difference between patients in remis-
sion after discontinuation of steroid therapy, those in re-
mission but still using steroids, and those with active pro-
teinuria despite steroid treatment in the INS group accord-
ing to HSPs (P > 0.05).

4. Discussion

In this study, we demonstrated that serum levels of
HSPs were significantly higher in patients with IgAN/IgAVN
than in the healthy controls, and also than in the patients
with INS. This result suggests that HSPs may be involved in
pathogenesis and/or progression of IgAN in children. The
progression of IgAN is not fully understood although there
are many factors that affect disease progression, which
lead to glomerular and tubulointerstitial injury (7). Depo-
sition of polymeric IgA can lead to increase of various cy-
tokines and growth factors, for example interleukin 1, 6,
tumor necrosis factor, PDGF, TGF - beta, VPF/VEGF in renal
cells (7). Local production of these cytokines may increase
the mesangial proliferation in children with IgAN (7). Also,
excessive oxidative stress may contribute to glomerular in-
jury (7). Cytokines, reactive oxygen species, and protein-
uria may lead to tubulointerstitial injury in IgAN (7). All
these stress factors and apoptosis lead to renal fibrosis and
progression of the disease (7). The same stress factors may
contribute to increase of HSPs in our patients because HSPs
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Figure 1. Distribution of serum HSP60 levels of study group, HSP; Heat shock protein, IgAN; Immunoglobulin A Nephropathy, IgAVN; Immunoglobulin A - associated Vasculitis
Nephritis.

Table 1. The Comparison of Serum Heat Shock Protein Levels of the Study Groupa

Healthy Control Group, (N = 24) IgAN + IgAVN Group, (N = 29) INS Group, (N = 41) Pb Pc Pd

HSP27 pg/mL 502.10, (415.08-629.47) 670.52, (524.56-1803.11) 515.43, (405.96-784.56) 0.0001 0.0001 0.359

HSP40pg/mL 231.90, (69.57-806.23) 1044.47, (494.29-1824.30) 378.36, (62.64-1216.75) 0.0001 0.0001 0.033

HSP60pg/mL 164.69, (3.30-387.85) 1123.65, (537.58-2220.07) 246.31, (17.91-954.76) 0.0001 0.0001 0.024

HSP70pg/mL 101.09, (58.65-257.10) 325.72, (112.32-2650.72) 117.31, (84.86-287.36) 0.0001 0.0001 0.047

HSP90pg/mL 135.71, (15.15-1646.36) 497.66, (134.38-2196.38) 253.70, (34.35-2153.30) 0.001 0.0001 0.065

Abbreviations: IgAN, Immunoglobulin A Nephropathy; IgAVN, Immunoglobulin A - associated Vasculitis Nephritis; INS, Idiopatic Nephrotic Syndrome; HSP, Heat shock
protein.
aValues of HSPs are expressed as median and range.
bComparison of IgAN + IgAVN and INS.
cComparison of IgAN + IgAVN and healthy controls.
dComparison of INS and healthy controls.

Table 2. The Comparison of Serum Heat Shock Protein Levels of the IgAN and IgAVN

IgAN IgAVN P

HSP27 (pg/mL) 647.71,
(524.66-843.86)

720.43,
(524.56-1803.11)

0.232

HSP40 (pg/mL) 1027.08,
(878.77-1824.30)

1177.16,
(494.29-1516.41)

0.452

HSP60 (pg/mL) 1112.77, (721.15-2220.07) 1234.40,
(808.76-2053.08)

0.690

HSP70 (pg/mL) 331.96, (122.30-814.94) 336.96,
(112.32-2650.72)

0.452

HSP90 (pg/mL) 568.33,
(320.46-2196.38)

455.22,
(134.38-1207.02)

0.330

Abbreviations: IgAN, Immunoglobulin A Nephropathy; IgAVN, Immunoglobu-
lin A - associated Vasculitis Nephritis; HSP, Heat shock protein.

exhibit a regulatory role in various stress conditions in-

cluding oxidative, osmotic, ischemic, and toxic injury.

The severity of proteinuria, presence of crescents, and
high scores of Oxford classification in renal biopsy speci-
mens were related to poor prognosis in IgAN/IgAVN in chil-
dren (7). We expected an association between these prog-
nostic factors and HSPs because HSPs are intracellular dan-
ger signals. Therefore, we evaluated the relationship be-
tween these biomarkers and the presence of proteinuria
as a clinical prognostic factor and both presence of cres-
cent and Oxford classification as pathological prognostic
factors. HSP27 was the only HSP related to the presence of
proteinuria in our study. None of HSPs was related with the
other prognostic factors. Podocyte depletion was reported
to be related to proteinuria and glomerulosclerosis in IgAN
(7, 19). It has been demonstrated that HSP27 can regulate
actin cytoskeletal response of podocytes in in vitro model
of podocyte injury (20, 21). Increased serum HSP27 levels of
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the patients with proteinuria in IgAN/IgAVN group may be
related to a mechanism of response to the podocyte injury.

HSP27 and 90 were significantly higher in the
IgAN/IgAVN whereas they were comparable in the INS
and control groups unlike other HSPs, however there
are overlaps among the three groups regarding serum
levels of these markers. Among our results, HSP60 is
the most remarkable biomarker because HSP60 levels in
IgAN/IgAVN group versus the other groups which not only
were significantly different, but also had no overlap at all
as shown in Figure 1. This suggests that HSP60 may be
related to the pathogenesis of IgAN/IgAVN. Lang et al. (5)
determined that recombinant HSP60 injection aggravated
the kidney damage such as glomerular necrosis and tubu-
lointerstitial damage in rat model of immune - mediated
glomerulonephritis.

HSP47, as a member of HSP40, is associated with pro-
cessing and secretion of collagen. This HSP may prevent ab-
normal collagen secretion (1). Expression of HSP47 in kid-
ney was found to be increased in the patients with IgAN
(3). Our results suggest that the serum levels of HSP40
may reflect increases in HSP40 expression in the kidney.
Chebotareva et al. (4) demonstrated that urinary excre-
tions of HSP70 were increased especially in patients who
had chronic glomerulonephritis. HSP70 is generally con-
sidered as a protective chaperone in kidney diseases (1).
Maybe some HSPs have protective roles and some have
an aggravating role in IgAN/IgAVN. Our study is a clinical
study and cannot explain the reason of increases of HSPs
in IgAN/IgAVN.

Our study has some limitations. One of these limi-
tations is that our patients were not in the acute phase
of the illness. The mean duration between kidney biopsy
and blood sampling for the study was 35 months. We be-
lieve that further studies in larger groups of patients in
the acute phase of the illness may reveal a relationship be-
tween these pathologic prognostic factors. The second lim-
itation is our relatively small sample size.

In conclusion, our results demonstrated that serum
levels of HSP27, 40, 60, 70, 90 increased in the patients with
IgAN/IgAVN considering HSPs might have a role in patho-
genesis of the disease. Among these HSPs, HSP60 was a
prominent marker because it had no overlap between pa-
tients and controls. Explaining the role of these HSPs in
IgAN/IgAVN may pave the way for future treatment.
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