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ABSTRACT

Background: Acute lymphoblastic leukemia (ALL) is associated with higher
levels of pro-inflammatory cytokines and oxidative stress. Recently, the levels of
extracellular heat shock protein 72 (eHSP72) were found to be elevated in ALL, and
its elevation associated with poor prognosis. Therefore, considering the possible
role of eHSP72 as a modulator of the immunological system and metabolism, the
aim of this study was to describe the response of eHSP72 to the induction phase of
chemotherapy, along with metabolic, inflammatory and oxidative stress markers, in
children and adolescents newly diagnosed with ALL.

Methods: Nineteen patients were recruited and analysed before and after the
induction phase of chemotherapy (with 28 days of duration). Blood samples were
taken for the analysis of C-reactive protein (CRP), levels of lipoperoxidation, insulin
(and HOMA-IR), cortisol, glucose, lipid profile and eHSP72.

Results: We found that induction phase of chemotherapy leads to a drop in
glucose levels (from 101.79+19 to 75.8+9.7 mg/dL), improvements on inflammation
(CRP levels, p<0.01) and oxidative stress (TBARS levels, p<0.01), reduction on
eHSP72 (p=0.03) and improved insulin sensitivity (HOMA-IR, p=0.02).

Conclusion: Our results indicate that eHSP72 may have an immune and metabolic
role and could be used as a marker of the treatment success and metabolic changes
in children with ALL.

INTRODUCTION are growing evidences showing the role of low-grade
inflammation in the pathogenesis of cancers, tumor growth

Cancer development is often associated with and metastasis. Interestingly, several differences on the
chronic states of inflammation, hormonal unbalance, involvement of inflammation in the pathogenesis of adult-
hyperinsulinemia and insulin resistance [1, 2]. There type cancers and the typical malignancies of childhood
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were identified [3]. Nevertheless, the role of inflammation
in pediatric malignancies remains not well understood.

Acute lymphoblastic leukemia (ALL) is the most
common pediatric malignancy, but it can occur at any
age. ALL is a disorder caused by an abnormal expression
of genes, which are usually a result of chromosomal
translocations [4]. Leukemic patients present significantly
higher proinflammatory cytokines, such as tumor
necrosis factor alpha (TNF-alpha) and interleukin 6 (IL-
6), at the onset of disease and before cancer therapies,
confirming the presence of an inflammatory status in these
patients [5]. Increased TNF-a signalling, for example, is
responsible for several changes in target cells and tissues
that may cause insulin resistance, skeletal muscle atrophy
and oxidative stress [6]. Unbalanced redox state has been
also implicated in carcinogenesis, as it seems to play an
important role in cell proliferation and cell signalling
regulation [7]. Accumulation of reactive oxygen species
(ROS) leads to genomic instability, and it is known that
carcinogenesis is induced by oxidative DNA damage and
mutations [8].

In addition to the well characterized pro-
inflammatory cytokines involved on ALL, an emerging
role for the heat shock proteins (HSPs) family has been
suggested. HSPs are considered part of a family of
proteins known as “stress proteins” since their expression
is induced by a wide range of stressors, such as oxidative
stress [9], thermal stress [10], ischemia [11], exercise
[9], metabolic stress [12] and many others. The 72 kDa
member of the 70 kDa family of heat shock proteins,
HSP72 (encoded by the HSPA1A gene in humans), is
inducible during cell stress. As molecular chaperones,
the intracellular HSP72 proteins (iHSP72) can interact
with other proteins (unfolded, in non-native state and/or
stress-denatured conformations) to avoid inappropriate
interactions, formation of protein aggregates and
degradation of damaged proteins, as well as helping the
correct refolding of nascent proteins [13]. Other functions
include protein translocation [14], anti-apoptosis [15] and
anti-inflammatory responses [16, 17]. More recently, the
HSP roles have been expanded to include control of cell
signaling [18], modulation of immune response [19], and
modulation of chronic disease conditions [20] such as
diabetes, obesity and insulin resistance [21, 22].

A vital aspect regarding HSP72 physiology is its
versatility to induce antagonistic actions, depending on
the location of the protein [23]. For example, iHSP72
exerts a powerful anti-inflammatory effect, while eHSP72
has the opposite role, inducing the activation of several
pro-inflammatory pathways. In fact, chronic exposure
to eHSP72 [97] induces the activation of several pro-
inflammatory pathways via the binding to membrane Toll-
like receptors, although eHSP72-peptides have also been
shown to act as anti-inflammatory and immunosuppressive
after internalization and antigen processing [24]. In fact,
elevated levels of iHSP72 in cancer cells is associated

with tumor cell survival, proliferation, differentiation,
invasion and metastasis [25, 26] and, for this reason,
iHSP72 is a target in hematological malignancies therapies
[27]. Interestingly, clinical correlations has been found
between eHSP72 (plasma) and acute leukaemia [28, 29],
where increased concentrations of eHSP72 indicates
poor prognosis associated with a tendency toward shorter
survival.

Therefore, considering the possible role of eHSP72
not only as a marker of ALL development, but also as a
modulator of the immunological system and metabolism,
the aim of this study was to describe the response of
eHSP72 to the induction phase of chemotherapy in
children and adolescents newly diagnosed with ALL. In
addition, we attempt to understand the relation of eHSP72
with metabolic, inflammatory and oxidative stress
parameters.

RESULTS

Patients had age between one and fifteen years-
old, most were under 10 years of age (children), and ten
(52.6%) were male. Table 1 shows the anthropometric and
general characteristics of the patients. In general, patients
had adequate nutritional status and a typical anemia
found in newly diagnosed ALL patients. No patient
had malnutrition (anthropometric status) at the time of
diagnosis and at the end of the treatment, but there was
a statistically significant weight loss during the induction
phase of chemotherapy (-10.2 + 2.5%, to 23 kg (12.4 —
34.5) for 19.6 kg (11.6 — 33.2), p<0.01). Serum levels of
electrolytes were within the normal range.

The results of routine biochemical analysis in
the first phase of the treatment are presented in Table
2. Positive changes in blood cell count were observed,
along with increases in hepatic enzymes and urea, with
a reduction in serum sodium. Surprisingly, glucose
levels were reduced by ~25% after induction phase.
However, plasma insulin was not affected indicating,
based on HOMA-IR results, increased insulin sensitivity
(HOMA-IR).

Results from CRP (as a marker of inflammation)
and TBARS (a marker for lipoperoxidation) indicates
that induction phase (for 28 days) decrease the levels
of inflammation and oxidative stress (CRP decreases
from 7.3 (3.3 = 2.9) mg/dL to 2.5 (1.3 — 4.4) mg/dL, and
TBARS decreases from 3.83 + 0.80 nmol/mL to 2.34 +
0.63 nmol/mL, p<0.05 for both). Regarding the levels of
eHSP72, when analyzing the remaining patients (from
19 subjects only 13 samples were successfully obtained
and analyzed) we found a similar pattern, where eHSP72
tends to decrease from 1.40 (1.00 — 3.39) ng/mL to 1.23
(0.69 — 1.97) ng/mL, however no statistical significance
was reached. Saying that, we decided to analyze the
individual responses to see the general behavior of
eHSP72 to chemotherapy. Interestingly, 70% of the
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Table 1: General characteristics of patients at diagnostic

Male (n=10) Female (n=9) Total (n=19)

Age (months) 93 (29-133) 59 (41-112) 90 (33 -129)

Children 06 (60%) 07 (77.8%) 13 (68.4%)

Adolescents 04 (40%) 02 (22.2%) 06 (31.6%)
Weight (kg) 26.4 (12.3 - 37) 18.7 (13.8 - 31,4) 23 (12.4 - 34.5)
Height (m) 1.23 +0.29 1.17+0.25 1.20+0.26
Body Mass Index/age

Underweight - 01 (11.1%) 01 (5.3%)

Normal 09 (90%) 07 (77.8%) 16 (84.2%)

?Vterlfvsvkeif;’;to;egvggigg’ 01 (10%) 01 (11.1%) 02 (10.5%)
Hemoglobin (g/dL) 7.71 +£1.99 9.33+1.48 8.48 +£1.91
Hematocrit (%) 22.86+12.57 27.89 £4.55 25.24+5.82
Sodium (mmol/L) 136.8 +1.87 137.25+£2.96 137.0 £2.35
Potassium (mmol/L) 424 +£0.37 422+0.34 423+0.35
Calcium (mg/dL) 9.14 £ 0.68 9,06 +0.76 9.11+£0.70

Data are presented in mean + standard deviation or number of individuals (frequency). No differences between genders

(p > 0.05) for all variables.

Table 2: Biochemical analysis before and after the induction phase of chemotherapy

Before After P value
Haemoglobin (g/dL) 8.79 + 1.85 9.77 £0.55 0.07
Hematocrit (%) 26.10+5.72 29.2 £2.09 0.06"
Leucocytes (mm?) 6,300 (3,500 — 18,600) 2,150 (1,075 — 3,350) 0.02#
Lymphocytes (%) 83 (73 -91) 70 (61.5 - 81) 0.07#
Platelets (mm?) 68,000 (33,000 — 131,000) 200,000 (151,250 —295,750) 0.01#
GOT (U/L) 28.73 £4.35 53.13+4.35 0.03"
GPT (U/L) 19.07 £ 8.01 61.00 + 59.64 0.04
Urea (mg/dL) 15(12-22) 35(22-38) 0.01#
Sodium (mmol/L) 137.0+2.24 133.07 £2.43 <0.01"
Potassium (mmol/L) 4.27+0.37 4.55+0.98 0.29°
Calcium (mg/dL) 9.16+0.76 9.04 +£0.27 0.67°
Glucose (mg/dL) 101.79 £ 19.30 75.84 £9.78 <0.01"
Insulin (Ul/mL) 85(3.7-12.4) 6.65 (4.8 —8.6) 0.27#
HOMA-IR 2.13 (1.00 — 2.88) 1.28 (0.97 — 1.65) 0.02#

Data are presented in mean =+ standard deviation or median and interquartile ranges. P value for paired t-test (*) or Wilcoxon

test (#). Statistically significant differences were in bold. No differences between genders (p < 0.05) for all variables.
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subjects decreased their plasma levels of eHSP72. For
this reason, we decided to go on a new type of analysis
(multiple imputation data - described on the methods) to
see if the results would indicate a significant statistical
difference, when considering the missing data. In fact,
the results from this analysis have indicated that eHSP72
can significantly decrease after the induction phase of
chemotherapy.

Cortisol levels was the only biochemical marker
of stress that did not suffer significant reduction with
treatment (from 11.92 £ 5.99 pg/dL to 9.25 + 5.94 pg/
dL, p > 0.27), demonstrating the efficiency of induction
phase of chemotherapy to reduce oxidative stress and
inflammation in a relatively short period of time (Figure
1). Interestingly, we found an interesting positive
correlation (spearman) between eHSP72 and CRP (p=
0.005/r=0.481) and eHSP72 vs. leucocyte number (cells
that can export HSP72 to the blood) (p=0.039/r=0.351).

DISCUSSION

Herein, we have shown that induction phase of
chemotherapy induces several changes over metabolic,
inflammatory and oxidative stress parameters. Of most
interest, glucose levels dropped significantly, insulin
sensitivity increased, oxidative stress and inflammation
reduced. This was followed by a concomitant decline on
eHSP72 levels. The lower eHSP72 levels after induction
phase, based on previous studies, predicts a better
prognosis, however, more than just a marker, eHSP72 drop
may be involved with the better inflammatory, metabolic
and oxidative profile of the ALL patients.

Despite the induction phase being attributed to
induce a transient hyperglycaemia in ALL patients [30],
in our hands, induction phase induced a significant
fall on glucose levels. The effects of chemotherapy on
glucose levels is assigned, at least in part, to the effects
of corticosteroids (either prednisone or dexamethasone)
and asparaginase. The first, by increasing glycogenolysis
and gluconeogenesis and, the second, by reducting
insulin secretion (via inhibition of cAMP levels) [30,
31]. Previous work have identified age >10 years,
female, obesity, family history of diabetes, and Down
syndrome as risk factors for the development of transient
hyperglycaemia [32]. This is important to consider, since
our group was composed mostly of children (average
of 6.4 = 4.1 yo). Thus, glycemia response to induction
therapy may differ between very young children to
adolescents. In fact, hypoglycemia is not unusual in
children with ALL in response to induction chemotherapy.
Case reports and clinical trials have shown that, for
children of lower age, cases of hypoglycemia are more
common than hyperglycemia [33, 34].

Metabolically, the different types of leukemia's
can present completely distinct profiles. Recently,
metabolic alterations associated with two subtypes

of acute leukemia, ALL and acute myeloid leukemia
(AML), were investigated in the serum of these patients
and compared with a healthy control group, using 'H
NMR (nuclear magnetic resonance) spectroscopy [35].
Remarkably, compared with controls, ALL and AML
patients showed serum metabolic differences involving
atypical metabolism pathways including glycolysis, TCA
cycle, lipoprotein metabolism and fatty acid metabolism.
Of interest, ALL patients exhibits higher glucose levels
than controls and AML subjects, prior to any treatment,
suggesting that ALL patients had elevated secondary
metabolic processes for constant supply of glucose as
compared to AML and controls. The higher levels of
lactate and low levels of other glucogenic amino acids
including alanine, glutamine, histidine, lysine, valine,
and proline in ALL patients’ serum further supported this
change [35].

Following that, the question that arises is: if
transient hyperglycemia may be induced by the use of
corticosteroids and asparaginase during the course of
chemotherapy, what may be the cause of hyperglycemia in
ALL patients observed prior to any therapy? The answer
may be connected with the increased sympathetic tone
that occurs in this condition [36]. Heart rate variability
(HRV), for example, depends of autonomic function
(balance between sympathetic and parasympathetic tone).
Interestingly, newly diagnosed patients with leukemia,
present decreased HRV, which reflects sympathetic
dominance in acute leukemia [36]. Considering the
metabolic effects of the sympathetic nervous system
over metabolic function, it is expected that pathways that
lead to hyperglycemia would be activated. In addition
to the well known metabolic sympathetic effect, this
system is now characterized by inducing (activate)
changes over the immune system (Thl polarization).
Indeed, sympathetic activity can induce, in white blood
cells, a direct monocyte/macrophage stimulation via
B-adrenergic-dependent activation of nuclear factor-
kB (NF-kB) biochemical pathways. These are then
activated via an Ras/ERK cascade, with concomitant rise
in NADPH oxidase activity and generation of reactive
oxygen species. In turn, NF-kB activation induces
production and release of pro-inflammatory mediators,
including TNF-a, which may mediate further monocytes/
macrophages activation in an autocrine fashion. This was
previously demonstrated by studies from our laboratory
where a single bout of moderate exercise (that activates
sympathetic system) stimulates macrophage function,
increasing phagocytic capacity, production of hydrogen
peroxide and nitric oxide (NO") through the nuclear factor
kappa B activation [37, 38].

Moreover, children with ALL often present fever.
Curiously, the inflammatory response involved in fever
occurs even in the absence of infection. The levels of
TNF-q, IL-6, IL8 chemoattractant protein-1 (MCP-1) and
IL-10 are higher in patients with ALL when compared to
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Figure 1: Results of C-reactive protein (CRP) (A), cortisol (B) and thiobarbituric acid reactive substances (TBARS) (C) form ALL patients
before chemotherapy - “before induction”) and at the end of the induction phase (28 days after - “after induction”). Data are expressed in
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the control children. Moreover, the levels of the T helper
1 (interferon-y and IL-12) cytokines are higher in patients
with ALL while transforming growth factor B is lower in
ALL. These results indicate that the circulating levels of
cytokines are elevated in patients with newly diagnosed
ALL without apparent infection, reflecting a strong and
deregulated inflammatory state in this disease, with a Th1-
polarization profile [39]. Since the sympathetic nervous
system is involved on the activation of this polarization,
the increased tone of this system may explain this immune
behavior in ALL.

Many other factors are suggested to modulate
the immune function, e.g., the release of HSP72 (by
hepatocytes and immune cells) and also the activation
of sympathetic corticotropin-releasing hormone (CRH)—
histamine axis, both dependent on catecholamine action.
The production of eHSP72, for example, is mediated by a
noradrenergic stimulation via of a1 receptors in the liver,
the main organ responsible for its release, but also by
immune cells [40, 41]. The eHSP72 plays an important
role in promoting the phagocytic activity and production
of mediators of the inflammatory response via TLR2
and TLR4 (Toll-like receptors) [40, 41]. Thus, higher
sympathetic tone can lead to increased eHSP72 release
by hepatocytes and immune cells that may explain, at
least in part, the high levels of this protein in ALL. In
addition, eHSP72 can induce a vicious cycle with other
inflammatory cytokines, activating a Thl profile and
culminating into a forward feedback that induce more
inflammation in these patients. In fact, chronically
increased levels of eHSP72 have been associated with
inflammation [42], heart failure mortality, sarcopenia
[43] and cognitive decline [44]. In addition, increased
levels of eHSP72 are positively correlated with traditional
inflammatory markers such as IL-2/IL-10 ratio and others
[45]. Thus, reductions of eHSP72 are a desirable change
in inflammatory-associated conditions such as obesity,
diabetes, aging and LLA.

Low-grade inflammation is well known to induce
insulin resistance. Therefore, increased cytokine levels,
along with eHSP72 may induce to oxidative stress
pathways activation in plasma and several tissues that,
in the case of skeletal muscle, may blunt the insulin
signaling. Recent data from our laboratory showed that
the levels of intracellular HSP72 (iHSP72) is positively
correlated with insulin signaling (sensitivity), while the
eHSP72 may induce inflammation and insulin resistance
[40, 41, 42]. Considering our present data, we found that
after induction phase, levels of inflammation, eHSP72
and oxidative stress (lipoperoxidation), significantly
decreased. This was followed by the simultaneous drop
in insulin resistance (measured by HOMA-IR). Thus,
lower inflammation and eHSP72 may reduce the effects
of these factors over insulin sensitivity and, for this reason,
blood glucose levels dropped consistently. It is important
to consider that asparaginase can lead to changes in

insulin secretion, however, in our hands, no changes in
insulin levels were found, indicating that glucose uptake
was increased by improvements on insulin sensitivity.
Furthermore, as previously mentioned, a high expression
of iHSP72 can result in increased insulin sensitivity in
several tissues [41]. Considering this, recent research
have shown that glucocorticoid treatment in ALL models
induced a better heat shock response (the pathway
involved on the HSP72 expression through activation of
HSF-1 [41]), thus increasing iHSP72 levels [46]. If it is
the case, higher iHSP72 and lower eHSP72, will lead to
increased insulin sensitivity and then glucose uptake, in
accordance with our findings. Indeed, eHSP72/iHSP72
ratio was suggested to be determinant on insulin sensitivity
[40, 41, 42, 47].

Summarizing our data, we found that induction
phase of chemotherapy in lower age children leads to a
drop in glucose levels, improvements on inflammation
and oxidative stress markers, reduction on eHSP72
and improved insulin sensitivity (please see Figure
1). Considering our results, we suggest a hypothetical
model to explain the differences we found and how
these variables are connect among themselves prior
and after the induction phase (Figure 2). The proposed
mechanismand our results are valid only for the first phase
of chemotherapy (induction), and they may change on the
time-course of the treatment. In addition, the age must be
considered, since glycemic responses may vary between
children and adolescents.

Briefly, the higher sympathetic tone found in ALL
children will lead to glycogenolysis (increasing glycaemia)
and activation of immune system, inducing pro-
inflammatory pathways activation and eHSP72 release.
eHSP72, along with other cytokines and their stimulation
on the ROS/RNS production will induce skeletal (and
other tissues) insulin resistance, that together may
explain hyperglycemia prior to the treatment. Induction
drugs used on chemotherapy will decrease inflammation
(as confirmed by the lower CRP levels, Figure 1), and
oxidative stress (reduction on lipoperoxidation, Figure
1), which will reduce eHSP72 release (Figure 3). Lower
eHSP72 (as measured) and iHSP72 (not confirmed) will
improve insulin signaling resulting on glucose uptake,
thus reducing glycaemia in this first therapy phase (lower
glucose, Table 2). The suggested mechanism is limited, of
course, since not all variables were measured, but partially
supported by the positive correlations found between
eHSP72, inflammation and leukocyte number. These
correlations are not merely mathematical, they have an
important biological significance. As the immune system
becomes highly activated, the increased inflammatory
molecules can stimulates the release of other signaling
molecules such as CRP and eHSP72 (also inflammatory)
[28, 39, 40]. With more inflammatory cytokines, more
inflammation is produced, in a positive feedback loop
mechanism. Chemotherapy leads to the reduction of the
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peripheral blood mononuclear cells (PBMC) number,
reducing the release of inflammatory molecules and, as a
consequence, decreasing the levels of eHSP72, CRP and
other inflammatory markers.

It is important to consider all limitations of this
study. The small number of people recruited, and the fact
that the disease resulted in considerable losses during
the intervention, is a strong limitation. In addition,
we only investigated one marker of inflammation and
lipoperoxidation. In the future, new markers should be
included to have a better comprehension of the effects of
the induction phase of chemotherapy. Finally, a caution
must be taken when interpreting this result, since that data
imputation in small cohorts could mislead conclusions.
Despite of that, this results may be valuable for generating
new insights and further research in larger studies, even
considering that the population studied is very special and
quite scarce, particularly, at this stage of chemotherapy.

MATERIALS AND METHODS

Participants

This was an observational study in which were
included children and adolescents newly diagnosed
with ALL in the Pediatric Oncology Department of two
hospitals of the city of Natal (Rio Grande do Norte, Brazil)
between March and December 2015. Exclusion criteria
were metastasis, Down’s syndrome, hypothyroidism,
presence of other chronic disease or having started
chemotherapy. In total, nineteen consecutively patients
were eligible for inclusion. Patients were evaluated in
the beginning (before chemotherapy - “before induction”
and at the end of the induction phase (28 days after -
“after induction”). The goal of induction chemotherapy
is to achieve a remission. Independent of risk, children
received following chemotherapy drugs: L-asparaginase,
methotrexate, prednisone, vincristine and daunorubicin.
Ethical approval was obtained from Ethics Committee of
the Federal University of Rio Grande do Norte (protocol
976.388).

Anthropometric and characterization of the
sample

Body weight was measured using a Filizola®
weighting scale and recorded to the nearest 0.1 kg.
Standing height was measured using a calibrated
stadiometer for infants (Filizola®), and recorded to the
nearest 0.1 cm. Body mass index-for-age were calculated
according to World Health Organization [48].

General biochemistry

Venous blood samples were obtained during
the morning hours after an overnight fast. Glycaemia,

blood cell count, hematocrit, leukocytes, lymphocytes
and platelet counts, plasma urea, glutamic oxalacetic
transaminase, glutamic pyruvic transaminase, sodium,
potassium and calcium were determined by colorimetric
enzymatic assay. All measurements were performed at the
hospital as part of the routine in the clinical treatment.

Inflammatory, metabolic and oxidative stress
markers

C-reactive protein (CRP) was determined by
nephelometry (Boehringer, Germany). Insulin (UI/mL)
and cortisol (ng/dL) were analyzed by chemiluminescence
(Active Insulin ELISA®, Assay Designs Cortisol ELISA®
kit, Labtest). Insulin resistance was calculated by the
homeostasis model assessment of insulin resistance
(HOMA-IR) and B-cell function by using HOMA-B
[49]. For the thiobarbituric acid reactive substances
assay, a marker for membrane lipoperoxidation, acetic
acid was added to the plasma to precipitate proteins and
to acidify samples. This mixture was then centrifuged
(1000 g/3 min). Thiobarbituric acid (0.67 % w/v) was
added to the reaction medium, and tubes were boiled
(100°C) for 1 hour. Absorbance was read at 535 nm in
a spectrophotometer, and the results were expressed as
nmol/mL of plasma [50]. A highly sensitive, enzyme-
linked immunosorbent assay (EIA) method (EKS-715
Stressgen, Victoria, BC, Canada) was used to quantify the
levels of plasma HSP72 protein as previously described
[42]. Absorbance was measured at 450 nm, and a standard
curve constructed from known dilutions of HSP72 protein
to allow quantitative assessment of HSP72 concentration.
Quantification was made using a microplate reader
(Multiskan Go, Thermo Scientific, Waltham, EUA). The
intra- and inter-assay CV ranged between 4.5 and 7 %.

Statistical analyses

Data were analyzed by SPSS, v.22 (IBM, Armonk,
NY). Shapiro-Wilk normality test was applied previously
to all analyses. For the descriptive analysis of continuous
variables, means + standard error or medians (interquartile
interval) were calculated as appropriate, and compared
with independent t-test between sexes. There were
missing data for eHSP72. Therefore, methods of multiple
imputation data were applied, which follow three main
steps: a) imputation of missing data to obtain complete
databases; b) estimation based on n complete databases,
and c) a combination of methods. Data were assumed
to be missing at random [51]. Results are presented and
discussed under both, with and without imputation of
missing values. Comparison of anthropometric, general
biochemistry, inflammation and oxidative stress markers
in the different moments were compared with paired
t-test or Wilcoxon test. Spearman’s rank order correlation
coefficient (rs) was used to determine correlations between
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eHSP72, CRP and other blood variables. Alpha level was
set at p<0.05.

CONCLUSIONS

We found that induction phase of chemotherapy,
in lower age children, lead to a drop in glucose levels,
improvements on inflammation and oxidative stress
markers, reduction on eHSP72 and improved insulin
sensitivity. Our results indicate a possible key involvement
of eHSP72 as an immune and metabolic controller that
may be used as a marker of the treatment success and
metabolic changes. However, the pattern of change in
our variables (eHSP72, CRP, glucose, etc) needs to be
measured, during and after the other stages of the disease
and chemotherapy treatment, and with a larger patient
number.
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