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Abstract 

Heat shock proteins (HSPs) attract the attention of scientists and clinicians due to their potential 
role as diagnostic and prognostic factors in a variety of cancers. HSP90 is one of the most important 
and well-known family members, necessary for maintaining intracellular homeostasis. In the extracel-
lular space, it is responsible for the transmission of alarm signals to the immune system. Numerous re-
ports have indicated that the level of intra - and extracellular HSP90 can correlate either with a poorer 
prognosis or with a better outcome, depending on the type of cancer. Still, little is known why the level 
of this chaperone is increased in some tumors and decreased in others, reflecting dual role of protein 
in cell death processes. Currently, there is no database reporting levels of serum HSP90 in children 
with acute lymphoblastic leukemia (ALL). As such, using enzyme-linked immunosorbent assay (ELISA) 
method, we aimed to determine this parameter in a group of 21 patients with newly diagnosed ALL. 
We found decreased protein serum levels in patients at disease presentation and after induction block 
of chemotherapy in comparison to healthy controls. Furthermore, we observed a negative correlation 
between HSP90 serum levels and one of the earliest prognostic factors of the treatment response –  
peripheral blood lymphoblasts on the 8th day of treatment. Our results indicate that HSP90 serum may 
play an important role in leukemogenesis and could be used as a marker to predict treatment failure 
in children with ALL. 
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Introduction 
Heat shock proteins (HSPs) are highly conserved pro-

teins divided into several groups based on their molecular 
weights. One of them, HSP90, is a relatively well-known 
chaperone that has multiple functions, including regulation 
of cellular homeostasis. Under exposure to different kinds 
of environmental stressors, HSP90 expression increases 
in order to repair and stabilize damaged proteins such as 
oncoproteins involved in cancer cell growth. Upregulation 
of HSP90 is hypothesized to delay or prevent cells from 
entering the apoptotic pathway, which could account for 
the involvement of HSP90 in tumorigenesis and resistance 
to chemotherapy [1-3]. 

Initially, increased production of HSP90 was predom-
inately associated with tumor aggressiveness and poorer 
prognosis [4]. A few studies confirmed the association 
between high expression levels of intracellular HSP90 
and higher tumor staging in ovarian and gastric cancer pa-

tients [4, 5]. HSP90 upregulation is also associated with 
decreased survival in primary breast cancer [6]. 

However, nearly 50 years of observational data has 
revealed a more enigmatic nature of this protein because 
the intracellular concentration of HSP90 may, in certain 
cancers, correlate with an earlier cancer stage and an im-
proved outcome [7]. 

The relatively recent discovery of extracellular HSPs 
has opened a possibility of using these as cancer biomark-
ers in clinical practice. An increased HSP90 in circula-
tion was initially proposed to be an effect of cell death 
[8]. Since Hightower and Guidon reported that HSPs are 
also released by undamaged cells, the body of literature 
studying the mechanisms of HSP secretion into extracel-
lular space has dramatically risen [9]. Several mechanisms 
have been proposed [10]. The prevailing view is that cy-
tosolic HSPs are released via Golgi transport vesicles or 
via exosomes [11]. Serum HSP90, like other HSPs, was 
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proposed to transmit signals to the immune system by in-
teracting with T lymphocytes and stimulating natural killer 
(NK) cells. HSP90 also has immunomodulatory properties 
through increasing the expression of proinflammatory cy-
tokines and stimulating the maturation of dendritic cells 
[12, 13]. In the context of the anti-cancer response, HSP90 
elicits cytotoxic reactions mediated by the innate and adap-
tive immune system. These facts support the hypothesis 
that circulating HSP90 elicits anti-cancer responses. How-
ever, this idea must be balanced by the pro-oncogenic role 
of HSP90 in promoting the invasion, angiogenesis, and 
metastasis of cancer [14]. In view of recent studies, the ex-
act role of HSP90 in oncological diseases remains unclear. 

Despite numerous well-known prognostic factors and 
good outcomes for patients who undergo chemotherapy 
treatment for acute lymphoblastic leukemia (ALL), the 
most common cancer in children, there are still patients 
with refractory leukemia or disease relapse. The most 
promising new therapies for ALL are based on immune 
system modulation using e.g. bi-specific monoclonal anti-
bodies and over the past 5 years, these therapies have im-
proved the prognosis of chemoresistant leukemic patients 
[15]. Also, autologous tumor-derived HSP peptide-based 
vaccines have demonstrated anti-tumor activity and excel-
lent safety profiles in phase III clinical trials for advanced 
melanoma and renal cell carcinoma patients [16]. There-
fore, searching for a novel prognostic and therapeutic 
agents is vital. Since there is no database reporting the 
level of serum HSP90 in children with ALL, we aimed to 
determine this parameter in a group of 21 newly diagnosed 
patients. 

Material and methods 

Patients and samples 

The study was approved by the local research Ethics 
Committee. All patient samples and samples from normal 
controls were collected with a written informed consent 
previously obtained. Twenty-one children (10 male and 
11 female), aged 2 to 14 years (median age, 4 years), with 
newly diagnosed acute lymphoblastic leukemia B-cell 
were enrolled into the study. Diagnosis was performed 
using cytological, cytochemical, and immunophenotyping 
methods. In the study group, blood samples were collected 
twice: before chemotherapy and at the day of evaluation of 
remission status (33rd day of therapy). Between these two 
time points, all patients received an intensive block of che-
motherapy – according to IA of Berlin-Frankfurt-München 
protocol, with an induction using prednisone 60 mg/m2/ 
day for 33 days, vincristine 1.5 mg/m2/day, daunorubicin 
30 mg/m2/day, 4 times during the protocol, and L-asparagi-
nase 5000 U/m2/day, 8 times. One patient had a BCR/ABL 
mutation, therefore according to standard treatment, ima-
tinib was applied. As a result, at the end of the protocol,  

15 of 21 patients were classified into intermediate-risk (IR) 
group, 5 into high-risk (HR) group, and only one patient 
was categorized into standard-risk (SR) group. 

Evaluation of HSP90 concentration 

Obtained blood samples were allowed to clot at room 
temperature for 1 h, centrifuged at 1,000 × g for 20 min, 
and stored at –80°C for later analysis. Serum HSP90 con-
centrations were evaluated by enzyme-linked immunosor-
bent assay (ELISA) according to the manufacturer’s in-
struction (human serum HSP90 ELISA kit, Cloud-Clone 
Corp., Houston, USA). Samples and standards were added 
and incubated for 1 h. The conjugate antibody was then 
added and incubated for additional 30 min. Plates were 
washed, and the substrate was added to develop the color 
change and incubated for 20 min at 37°C. Finally, optical 
densities were read at 450 nm and the samples were com-
pared to the standards. HSP levels are presented in units 
of ng/ml. 

Statistical analysis 

Statistical analysis was performed using Statistica 
Software version 7.1 for Windows (StatSoft Inc., 2005). 
Mann-Whitney tests were used to compare the differenc-
es between the normal control and leukemic patient, and 
Wilcoxon test was used to indicate alterations in HSP90 
serum level in the research group before and after chemo-
therapy. The correlation between prognostic factors and 
serum concentration of HSP90 in leukemic patients were 
analyzed using Spearman’s correlation analysis. P < 0.05 
was considered as statistically significant. 

Results 
We investigated serum HSP90 levels in a group of  

21 pediatric patients with acute lymphoblastic leukemia. 
The median serum HSP90 level on the day of the diagno-
sis was 3.45 ng/ml (range, 1.22-23.85 ng/ml) and on the 33rd 
day of therapy, it was 4.79 ng/ml (range, 1.07-52.51 ng/ml). 
Median serum level of HSP90 in controls was 12.43 ng/ml 
(range, 3.16-33.58 ng/ml). We found statistical differences 
between the serum level of HSP90 in ALL patients between 
two time points (Fig. 1; Z = –2.07; p = 0.039; η2 = 0.13, 
Wilcoxon signed-rank test). η2 revealed a medium-strength 
effect. Patients at disease presentation and on 33rd day of 
therapy showed decreased serum in HSP90 levels com-
pared to healthy controls (Fig. 2; baseline: U = 41, p = 0.001,  
η2 = 0.33, and 33rd day: U = 82, p = 0.023, η2 = 0.15, 
Mann-Whitney test). Both effects were strong, but the differ-
ence between patients and controls was higher on the day of 
diagnosis than after 33rd day (η2 was bigger more than twice). 

Next, we evaluated the association of serum HSP90 
with a series of clinical and hematological agents. Due 
to the insufficient number of patients, we were unable to 
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analyze cytogenetic, immunophenotypic factors, and cen-
tral nervous system (CNS) status in the context of serum 
HSP90. We found no association between the concentra-
tion of HSP90 in circulation and age, gender, weight, or 
height. Further, there was no association between HSP90 
serum levels and WBC levels, bone marrow, and periph-
eral blood blast percentages at presentation and minimal 
residual disease (MRD), or peripheral blood and bone 
marrow blasts percentages during treatment. Interestingly, 
we observed non-significant negative correlation between 
serum HSP90 and lymphoblasts on the 8th day of chemo-
therapy (r

s
 = –0,34; p = 0.192; Fig. 3). 

Discussion 
HSPs are highly conserved molecules presented in 

both prokaryotic and eukaryotic cells [17]. They regulate 
a variety of critical cellular processes and repair misfolded 
proteins, including oncoproteins, and therefore have been 
studied in the context of carcinogenesis [3]. Despite years of 
continued investigation on the role of HSPs in the tumor bi-
ology, little is known about the clinical and laboratory asso-
ciation between the intra- and extracellular levels of HSP90 
in acute lymphoblastic leukemia in children. Indeed, there 
was only one report on this parameter in pediatric ALL pa-
tients. There are also a limited number of reports concerning 
HSPs in adult acute lymphoblastic leukemia due to rarity of 
the disease in patients over 18 years old. 

The aim of our study was to evaluate serum levels of 
HSP90 in a pediatric group of ALL patients before and after 
induction block of chemotherapy. We also investigated the 
potential diagnostic and prognostic impact of the protein. 

We demonstrated that the serum concentration of 
HSP90 on the day of the diagnosis was lower when com-
pared to controls (Fig. 2). This is an interesting finding, 

since previous studies conducted in adults reported sig-
nificantly higher levels of the protein at presentation [18]. 
Increased levels of HSP90 serum was also observed in 
a study conducted on animals. The researchers reported 
that mice transplanted with adult B-cell leukemia showed 
higher extracellular HSP90 levels in comparison to healthy 
mice. This fact confirms that circulating HSP90 is not only 
the consequence of cancer cells necrosis, but the level is 
the matter of complicated mechanisms of regulation. This 
also suggests major differences in molecular pathomech-
anisms between childhood and adult acute leukemia [19]. 
In our opinion, these differences are due to distinct patterns 
of cancer response caused by “uneducated” adaptive im-
mune system of children (ALL in children arise from naive 

Fig. 2. Decreased serum HSP90 levels of patients at dis-
ease presentation and after induction chemotherapy com-
pared to healthy controls

Fig. 1. HSP90 serum level before and after induction che-
motherapy
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B cells at pre-antigen stages, while ALL in adults is fre-
quently manifested by post-antigen stimulated cells) [20]. 

We hypothesize that decreased level of circulating 
HSP90 can be an expression of unknown mechanisms that 
maintain an immune tolerance, enabling the development 
of leukemia. Further studies are crucial to determine the 
cause of differences. 

In the literature, we found only one study reporting 
on protein expression level in ALL. The authors showed 
up-regulation of HSP90 gene in leukemia cells derived 
from bone marrow of pediatric patients compared to pe-
ripheral blood mononuclear cells (PBMC) of healthy con-
trols. The higher HSP90 expression was explained by an 
increased cell differentiation and proliferation. However, 
a limitation of the study was a comparison of cells ob-
tained from bone marrow of ALL patients with PMBCs of 
healthy controls [21]. We are the first, to our knowledge, 
who show that the serum level is not parallel to HSP90 
gene expression in bone marrow. However, further study 
evaluating the two parameters is needed. 

Additionally, we investigated the response of serum 
HSP90 level in chemotherapy induction and found that 
the concentration of the protein in circulation increased 
in most of the patients when compared to levels before 
chemotherapy (Fig. 1). Therefore, we were able to observe 
that the serum concentration of HSP90 was not stable 
during treatment. The reason for this, in our opinion, was 
the impact of cytostatics on the expression or the secre-
tion of the molecule rather than reduced number of cancer 
cells. This hypothesis is supported by Venkatakrishnan et 
al., who found altered expression levels of HSP27 after 
doxorubicin therapy [22]. We found no correlations be-
tween HSP90 levels at presentation and after induction 
chemotherapy with the percentage of bone marrow blasts, 
which reflect the total tumor load. However, an estimation 
of leukemia cell burden, especially at presentation, is not 
accurate due to organ infiltration of these cell. 

In the present study, we also evaluated serum HSP90 in 
the context of clinical and laboratory factors. No relationship 
between the parameter and sex, age, white blood counts, 
lymphoblasts, and the bone marrow lymphoblast percentage 
at presentation as well as MRD and bone marrow blasts per-
centage during treatment were observed. Interestingly, we 
found a negative correlation between the concentration of se-
rum HSP90 before treatment and the percentage of lympho-
blasts in peripheral blood on the 8th day of therapy (Fig. 3), 
which is one of earliest prognostic factors of treatment re-
sponse and reflects sensitivity of cancer cells to steroids. 
The glucocorticoid receptor, which is responsible for the 
intracellular effects of the drug, is bound in its inactive form 
in a multiprotein complex with HSP90. Lack of HSP90 was 
demonstrated to be related to glucocorticoid resistance in 
human lesion-derived cell lines [23]. Also, the expression 
of aberrant HSP90 protein was associated with glucocor-
ticoid resistance in leukemic cell lines [24]. Our results are 

consistent with these studies. Therefore, we suppose that 
extracellular HSP90 can be an early predictive biomarker 
of the response of cancer cells to therapy in childhood ALL. 
However, Lauten et al. did not find a relationship between 
HSP90 expression level in bone marrow and resistance to 
steroids in children with ALL. Further studies are needed to 
better understand the role of serum HSP90 in the prognosis 
of ALL treatment response [25]. 

Conclusions 
To our knowledge, we are the first to report a de-

creased HSP90 serum level in childhood ALL. Moreover, 
we found that low concentration of HSP90 correlated with 
poor response to steroids in children with ALL. However, 
small number of patients was a significant limitation to the 
study. Additional studies with a larger patient sampling 
size are needed to determine the clinical significance of ex-
tracellular HSPs in the pathogenesis of ALL, and whether 
they can be used for the diagnosis and prognosis of cancer. 
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