Clinical significance of serum cytokine levels and thrombopoietic markers
in childhood idiopathic thrombocytopenic purpura
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Background. Biological markers useful for defining children with newly diagnosed
immune thrombocytopenic purpura (ITP) who are likely to develop the chronic form of the
disease are partially lacking. The purpose of this study was to assess the clinical role of both
immunological and thrombopoietic markers in children with ITP and correlate their levels with
different disease stages.

Materials and methods. We enrolled 28 children with ITP at the onset of their disease,
who were followed-up for a whole year and divided according to whether their disease resolved
within the 12 months (n=13) or became chronic (n=15), 11 subjects with chronic ITP off therapy
for at least 1 month at the time of enrolment, and 30 healthy matched controls. Serum levels
of T helper type 1 and 2 and T regulatory-associated cytokines, such as interferon y, tumour
necrosis factor o, interleukin (IL) 2, IL6, IL10, and thrombopoietin were measured in all children
using quantitative immunoenzymatic assays, while reticulated platelets were evaluated by flow
cytometric analysis.

Results. Serum IL10 levels were significantly higher in patients with an acute evolution
of ITP than in either healthy controls (p<0.001) or patients with chronic progression of ITP
(p<0.05). Reticulated platelet count and thrombopoietin levels were significantly higher in ITP
patients at the onset of their disease, whether with acute resolution or chronic progression, than

in healthy subjects (p<0.01; p<0.001), but did not differ between the groups of patients.

Conclusion. IL-10 seems to predict the clinical course of ITP, as it is significantly higher at

the onset of disease in patients who obtain disease remission in less than 1 year.
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Introduction

Idiopathic (immune) thrombocytopenic purpura
(ITP) is a heterogeneous clinical disorder characterised
by immune-mediated platelet destruction. ITP is
usually a benign, self-limiting disease in children'.
However, approximately 20% of childhood newly
diagnosed ITP progress to a chronic form defined
according to standardised criteria®.

The clinical differences between newly diagnosed
and chronic ITP suggest the existence of different
pathophysiological mechanisms in the two forms!=.
Many researchers have investigated the role of genetic
factors*®, humoural and cellular immunity'%®, and
inadequate platelet production in the development
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of this condition’, but failed to identify specific
characteristics of children with ITP who will
probably develop the chronic form of the disorder,
mainly because of the study design and differences
in patients' immunomodulating therapy.

Serum levels of T helper (Th) type 1, Th2
and T-regulatory associated cytokines, such as
interferon (IFN) vy, tumour necrosis factor (TNF)
a, and interleukin (IL) 2, IL6, IL10, and markers of
thrombopoiesis, such as reticulated platelet count and
thrombopoietin, were assessed in different phases of
ITP in our patients and in healthy controls. We aimed
to investigate whether these biomarkers might be
considered predictors of ITP progression in children.



Material and methods
Materials

Twenty-eight consecutive children who were
referred to our Department for primary ITP were
enrolled in this study at the onset of their disease
before starting any treatment and were followed up
for 1 year. Eleven children with chronic ITP (lasting
at least 2 years) who were off therapy for at least 1
month, and 30 age- and sex-matched healthy controls
were also recruited. The diagnosis of ITP was made
following standardised guidelines''%-'2.

The site and extent of bleeding symptoms at the
onset of the disease were recorded and three different
clinical phenotypes were identified according to
national consensus!!: (i) type I (asymptomatic-
paucisymptomatic ITP), in the presence of clinical
symptoms ranging from no bleeding to few petechiae
and some bruises without mucosal haemorrhages;
(i1) type II (intermediate ITP), in the presence of
petechiae, bruising and mucosal haemorrhages; and
(iii) type III (severe ITP), characterised by severe
bleeding with organ impairment or life-threatening
conditions (retinal or intracranial haemorrhage, or
other severe internal haemorrhages, shock).

The parents of all children gave their consent to
the study which was approved by the local Ethics
Committee.

Cytokine assessment

A blood specimen was obtained from all children
at the time of the first visit. Serum levels of IFNy,
TNFa, IL2, IL6, and IL10 were measured using a
quantitative enzyme-linked immunosorbent assay
(ELISA; R&D Systems, Minneapolis, MN, USA)
following the manufacturer's instructions for sample
collection, storage and assay procedure. The detection
limits for the cytokines were 8 pg/mL for INFy, 4.4
pg/mL for TNFa, 7 pg/mL for IL2, 0.7 pg/mL for
IL6 and 3.9 pg/mL for IL10. Optical density values,
obtained at two determinations, were converted into
pg/mL by the Bio Rad ELISA data analysis software.

Reticulated platelets

Blood samples, collected into vacuum tubes
containing EDTA as an anticoagulant, were centrifuged
at 120 g for 10 minutes to obtain platelet-rich plasma.
Platelets were fixed in 1% paraformaldehyde
for at least 30 minutes at room temperature to

minimise non-specific staining, washed twice and
re-suspended at 50x10°/L in phosphate-buffered
saline containing 2 mM/L EDTA (pH 7.2). Fifty
microlitres of this suspension were mixed with 10
pL of phycoerythrin-tagged monoclonal antibody
against CD41 (Immunotech, Beckman Coulter,
Marseille, France) and incubated at room temperature
for 10 minutes in the dark. This suspension was
then incubated with 1 mL of thiazole orange (Retic-
COUNT, Becton Dickinson, San Jose, CA, USA) at
room temperature in the dark for 1 hour. The samples
were analysed on a flow cytometer (Epics XL-MCL
Coulter Corporation).

Thrombopoietin

Plasma thrombopoietin concentrations were
determined using an ELISA kit (Quantikine Human
TPO Immunoassay, R&D Systems, Minneapolis,
MN, USA) following the manufacturer's instruction
for sample collection and assay procedure. The
mean minimum detectable dose of this ELISA was
7.45 pg/mL. Optical density values were converted into
pg/mL by the Bio Rad ELISA data analysis software.

Statistical analysis

The Stat View program (Abacus Concepts,
Berkley, CA, USA) was used for statistical analysis.
Data are expressed as medians and ranges. The Mann-
Whitney U test (for unpaired data), the Kruskall-
Wallis test (for subgroups analysis) and Spearman's
rank correlation test were performed. p values >0.05
were considered statistically not significant (NS).

Results

The demographic and clinical characteristics of all
enrolled children are summarised in Table I. Of the 28
patients who were enrolled at the onset of the disease,
13 had ITP lasting less than 12 months and formed
group A, while the remainder had chronic progression
of ITP and were defined as group B. Patients already
affected by chronic ITP at the time of enrolment who
had suspended treatment at least 1 month before
entering the study were identified as group C. None
of the patients had severe ITP; children in groups
B and C showed a significantly greater prevalence
of asymptomatic-paucisymptomatic forms of ITP
compared to children in group A (p<0.05) (Table I).

There were no differences at study entry between
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TableI - Patients' demographic and clinical
characteristics.

Male/ Age Asy.mptomatlc-‘

Group* N. Female (yearsy** paucisymptomatic
¥ ITP Cases n (%)

A 13 8/5 3(1-14) 7/13 (54%)
B 15 7/8 6 (1-14) 14/15 (93%)
C 11 6/5 6 (1-14) 10/11 (91%)
p NS NS <0,05

Legend: ITP=Immune thrombocytopenic purpura; NS=Not
significant. *A=patients with ITP lasting less than 12 months; B=
patients with chronic course of ITP enrolled at the onset of their
disease; C=patients with chronic ITP already present for at least 2
years at the time of enrolment. **Median (min-max)

patients with regards to platelet count, reticulated
platelet count and thrombopoietin values (Table 11).
In contrast, the percentage of reticulated platelets and
thrombopoietin levels were significantly higher in
children in groups A and B than in healthy subjects
(p<0.01; p<0.001). Levels of these thrombopoictic
markers were not significantly different between
patients in group C and individuals in the control
group (Table II).

Among patients there was a significant inverse
correlation between platelet count and TPO
(r Rho=-0.39, p<0.05); in the other hand, reticulated

platelet count correlated positively with the same
biomarker (r Rho=0.48, p<0.01). No significant
correlation was found between platelet count and
reticulated platelets.

Data on serum cytokines levels in all children are
summarized in Table III. Serum levels of INFy, TNFa,
IL2, and IL6 did not differ significantly between
patients and controls. The concentration of IL10 was
significantly higher in group A than in groups B and C
and the control group (p<0.05, p<0.01 and p<0.001,
respectively). The median values of IL10 were not
significantly different between patients in group C
and healthy subjects.

Discussion

In this study we recruited a series of newly
diagnosed ITP cases at the onset of the disease, before
starting any treatment, and a group of patients already
affected by chronic ITP who received treatment
(intravenous immunoglobulin or steroids) for their
condition but that had suspended this treatment at
least 1 month before enrolment into the study. In all
these patients we sought for significant variations in
immunological and thrombopoietic markers during
the clinical progression (newly diagnosed or chronic)
of their disease to determine the potential diagnostic and
prognostic role of serum biomarkers in childhood ITP.

The demographic characteristics of our population

Table IT - Platelets count, reticulated platelets (RPs) and thrombopoietin (TPO) levels in
cases and controls.
Grou N Platelet count RPs TPO
P : (x10°/L) (%) (pg/L)
A 13 7.370 (1.000-40.000) 1 (0.5-8.0) 162 (43,5-278)
B 15 16 (3.860-32.900) 2,1 (0.1-8.0) 113 (57-268)
C 11 16 (4.360-57.700) 0,8 (0.1-8.5) 76 (52-411)
p NS NS NS
Controls 15 252 (220-450) 0,4 (0,1 -0,8) 62 (15-134)
<0.01 <0.001
<0.001 Group A vs Controls Group A vs Controls
p <0.01 <0.001
Group B vs Controls Group B vs Controls
Group A, B and C NS NS

vs Controls

Group C vs Controls

Group C vs Controls

Legend: RPs=reticulated platelets; TPO=thrombopoietin; NS=not significant; A=patients with ITP lasting less
than 12 months; B= patients with chronic course of ITP enrolled at the onset of their disease; C=patients with
chronic ITP already present for at least 2 years at the time of enrolment.
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Table III - Cytokines serum concentrations in cases and controls (median, range).

rom ~ oyl (pemi) (e pem) (gimi)
A 13 4.1 (1.5-11) 8.8 (3.7-22) 1.3 (0.5-3.5) 2.0 (1.3-2.8) 17 (1.7-18)
B 15 7.05 (1.7-32) 7.4 (2.8-23) 1.5 (0.5-4.0) 2.0 (0.5-9.6) 8.0 (2-17)
C 11 3.7 (0.3-10) 5.7(1.3-8.2) 1.0 (0.5-3.2) 1.6 (0.1-21) 3.5(0.6-11)
p NS NS NS NS <0,05
Controls 15 5(3-7) 5(3-9) 1(0.5-3.2) 3(2-4) 3(1-7)
<0.01
NS NS NS NS Group A vs Controls
p Groupzo\;g(gontrols
GroupA,BandC  GroupA,BandC  GroupA,BandC  Group A, Band C NS

vs Controls vs Controls

vs Controls vs Controls

Group C vs Controls

Legend: * A=patients with ITP lasting less than 12 months; B= patients with chronic course of ITP enrolled at the onset of their disease; C=patients
with chronic ITP already present for at least 2 years at the time of enrolment.

were similar to those reported by other authors!3-5.
In line with these other studies'’, our patients
with chronic ITP showed a higher prevalence of
asymptomatic-paucisymptomatic forms of ITP
compared to children with newly diagnosed ITP.
We found that, at the onset of the disease, patients
who went on to have acutely resolving ITP and those
whose disease evolved into chronic ITP had slightly
higher reticulated platelet counts and thrombopoietin
levels than healthy children, but there were no
differences within the studied group of patients. These
parameters, which probably mirror ongoing massive
platelet destruction, do not, therefore, seem to have a
prognostic meaning with regards to ITP progression.
Furthermore, when the same thrombopoietic markers
were evaluated after disease onset in our group of
children with chronic ITP (with the disease lasting
at least 2 years), the levels in these patients were
not different from those measured in controls. This
is in contrast with the results of another paediatric
study'®, in which it was demonstrated that after 6
months of ITP both reticulated platelet counts and
thrombopoietin levels increased in children with
disease progression. It was also shown that patients
with ITP but a decreased rate of platelets had normal
thrombopoietin levels'”. These discrepancies can be
explained by differences in case selection of children
within the studies (i.e. disease duration, platelet rate).
In line with the results of another study!®,

among all children affected by ITP we found a
positive correlation between reticulated platelets
and thrombopoietin and an inverse correlation
between platelet count and thrombopoietin levels.
We did not find a correlation between platelet count
and reticulated platelets in our study which may
be related to the fact that even if the number of
circulating platelets is predominantly determined by
platelet destruction, it can also be affected by platelet
production. Moreover, the lack of standardisation of
the technique for determining reticulated platelets
might explain the inconsistency of our results with
those reported in literature'.

We observed that the concentrations of Th1 and
Th2 cytokines were not significantly different within
patients' groups and between cases and controls.
However, IL10 serum concentrations measured in
patients at the onset of their disease were higher
than in healthy children and patients with ITP lasting
for at least 2 years. Moreover, IL10 expression was
significantly higher in the group of children with
an acute course of the disease than in children who
had chronically progressive ITP even if it was not
possible to define a clear cut-off value of IL10 with
prognostic relevance. Further prospective studies
on larger population are needed to establish such a
specific cut-off level and validate our results.

Some authors have previously described that
serum levels of IL2, IFNy and IL10 in children with
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ITP were increased in some cases of chronic ITP,
however in this study subjects were not grouped based
on the clinical phases of the disease’.

Studies on the expression of genes coding for
Th1l and Th2 cytokines in childhood ITP showed
that the majority of children with newly diagnosed
ITP expressed /L2 and IFNG (with or without /L4)
cytokine genes in vivo®, suggesting an early CD4
ThO and Thl cell activation and, more interestingly,
underlining an important differentiating factor
between the mild relapsing form and the aggressive
chronic form of ITP in the presence or absence of IL10.

Moreover, high IL10-producing polymorphisms
were found less frequently in patients with chronic
ITP than in controls*?'. We are planning to investigate
the association between genetic variants of /L10
and levels of this cytokine in our same patients.
Furthermore, it will be useful to carry out studies
using cell separation methods to identify the source
of IL10 in childhood ITP.

IL10 is an important immunoregolatory
cytokine that is produced mainly by monocytes
and lymphocytes??. It inhibits the formation of pro-
inflammatory cytokines such as TNFa in T cells
and monocytes®, and down-regulates MHC class
IT expression in these latter cells?*. In contrast to its
inhibitory function on T cells and macrophages, IL10
stimulates the production of immunoglobulins and
the expression of MHC class II antigens in B cells®.
Moreover, IL10 is the main effector of IL10-secreting

26, These cells

type I regulatory T cells in humans
are able to suppress antigen-specific effector T-cell
responses via a cytokine-dependent mechanism and
do, therefore, have a role in immunotolerance.

In conclusion, it is intriguing that high serum
levels of IL10 were found at the onset of ITP in
children with an acute disease course (and thus
resolution), in agreement with the role of this cytokine
in immunotolerance.

The serum level of IL10 in children with ITP at
the onset of their disease may provide a promising
indicator of the clinical progression of the disease.

The Authors declare no conflicts of interest.
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