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Abstract

Eosinophils are leukocytes with multiple functioins physiologic and pathologic circumstances.
Eosinophilia is typically associated with reactisenditions (helmintic infections, allergic or drugactions and
atopic disorders) and sometimes with hematologit mon- hematologic malignancies. Evaluation of ded
with eosinophilia requires numerous imaging invgegtions and laboratory tests for establishing tight treat-
ment. We measured the degree of eosinophilic dictivausing serologic biomarkers such as serum egsii
cationic protein (ECP) , interleukin-5 (IL-5) arbsinophilic cationic protein/eosinophil count (EEB) ratio
in order to differentiate earlier among distinctséophilic conditions: clonal, non-clonal with mgiiancy and
reactive eosinophilia with inflammation. The mediE@P value in eosinophilic patients was signifidaitigher
when compared to that of the control group (19.854v93 ng/mL, p<0.05). Within patients with eogpinitia, the
clonal eosinophilia group showed a significantlgiér median ECP value compared to the median EQiresa
of the non-clonal eosinophilia groups - (30.15 ¥8.5 ng/mL, p<0.05 and respectively 30.15 vs. 1®8nL,
p<0.05). Also patients having non-clonal eosinojhilith malignancy had a significantly higher medieCP
value compared to those of reactive eosinophilid arflammation (19.5 vs. 13.3 ng/mL, p<0.05). WIIEP
serum levels seemed to be a discriminatory tooldffierent groups of eosinophilic patients IL-5 aB&€P/Eo
were less useful for this purpose. However ourltesaust be confirmed in larger studies.

Keywords: Eosinophilia, eosinophil cationic protein, interkin 5, absolute eosinophil count.

Rezumat

Eozinofilele sunt leucocite multifutenale, implicate in humeroase procese fiziologiceatologice.
Eozinofilia este asociatde obicei cu infgi parazitare, alergii, readi la medicamente, tulbdri atopicesi une-
ori cu neoplazii hematologice sau tumori solidealdarea unui pacient cu eozinofilie necésiffectuarea a nu-
meroase teste imagistigede laborator pentru elucidarea mecanismului eofiliei si stabilirea tratamentului
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corect. Scopul studiului desfaa fost misurarea actividsii eozinofilelor utilizand ca markeri serologicivelele
serice ale proteinei cationice eozinofilice (EC}erleukinei 5 (IL-5)si raportul dintre ECPsi numirul absolut
al eozinofilelor in sangele periferic (ECP/E0) iederea diferetierii precoce a eozinofiliei clonale de cea non-
clonali (asociai cu malignitifi sau cu inflamae). Grupul pacierilor cu eozinofilie a inregistrat o valoare me-
dianz ECP semnificativ mai mare in compge cu cea a lotului marto¢19.5 vs. 4.93 ng/mL, p<0.05). La pa-

cieryii cu eozinofilie clonal am observat o valoare media&CP mult mai mare, statistic semnificaticompar-
ativ cu valorile mediane ECP asociate grupurilor eezinofilie non-clonal (30.15 vs. 19.5 ng/mL, p<0.@bre-
spectiv 30.15 vs. 13.3 ng/mL, p<0.05). De asemepaeaienii cu eozinofilie non-clonal si malignitisi au
prezentat o valoare mediarECP semnificativ mai mare in compaeacu grupul avand eozinofilie reaciaso-
ciati cu inflamaie (19.5 vs. 13.3 ng/mL, p<0.09h timp ce valorile ECP in ser s-au dovedit a fiinstrument
ce permite difereierea grupurilor de paciem cu eozinofilie 1L-5 si ECP/Eo au fost maizgiouutile in acest
scop. Cu toate acestea rezultatele noastre trebaidirmate pe loturi mai mari de pacign

Cuvinte cheie- Eozinofile, proteina cationiteozinofilz, interleukina-5, nudr absolut eozinofile
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Introduction

The eosinophil was discovered by Paul
Ehrlich in 1879 (1) and even though research
work focused on eosinophil morphology, physi-
ology and circulation to peripheral blood and
tissues, the functions of these cells in physio-
logical or pathological circumstances have been
disputed (2). The traditional roles of eosinophils
were associated with allergic diseases or re-
sponses to parasitic infections (2). This view
has become more nuanced and now eosinophils
are considered multifunctional leukocytes, true
immunoregulatory cells with roles which imply:
increase fibrosis, vascular leakage, angiogene-
sis, epithelial desquamation, epithelial metapla-
sia and smooth muscle hypertrophy (3). Recent
studies suggest that instead of destructive end-
stage effector cells, eosinophils play an impor-
tant role in regulating local immunity and in re-
modeling/repairing processes, either in normal
conditions (plasma cells survival, thymic devel-
opment and T-cell selection, metabolic home-
ostasis, female reproductive system, mammary
gland development, reproductive homeostasis)
and also in pathological conditions (cancer and
tumor biology, transplant rejection, demyelinat-
ing diseases, pulmonary hypertension, acute lung
injury, eosinophilic esophagitis, inflammatory
bowel disease, allergic/chemical contact dermati-

tis) (3). Eosinophils represent approximately 1-
5% (<500cells/ul) of all blood leukocytes.
Eosinophilia is defined as an abnormal increase
of eosinophils in different tissues or in peripthera
blood. The degree of eosinophilia can be classi-
fied into mild (500 to 1500 cells/ul), moderate
(1500 to 5000 cells/ul)) or severe (>5000
cells/ul) (4). An attempt to differentiate the
causes of eosinophilia, indicates eosinophilic
diseases as clonal or non-clonal (5).

1. Clonal disorders associated with
eosinophilia. Clonal eosinophilia represents a
neoplastic proliferation of eosinophils as a com-
ponent of an intrinsic stem cell or myeloid ma-
lignancy (5). This category comprises mostly
chronic myeloproliferative syndromes: chronic
myeloid leukemia (CML), polycythemia vera,
essential thrombocythemia, eosinophilic
leukemia, 8pll syndrome, systemic mastocyto-
sis (SM), myelodysplastic syndromes (MDS)
with eosinophilia, acute myeloid leukemia
(AML), especially with chromosome 16 anom-
alies and some lymphoid disorders - precursor
B-cell acute lymphoblastic leukemia with
t(5;14) and precursor T-cell lymphoblastic lym-
phoma with t(8;13). In such cases we may de-
tect the presence of the fusion genes which in-
volve platelet-derived growth factor receptor al-
pha (PDGFRA), platelet derived growth factor
receptor-beta (PDGFRB), fibroblast growth fac-
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tor receptor 1 (FGFR1) or other tyrosine ki-
nases (6). The importance of these findings lies
in the efficiency of imatinib treatment in pa-
tients with PDGFRA or PDGFRB fusion genes,
but not in FGFR1 fusion genes positive cases.

2. Non-clonal (reactive) eosinophilia
(5) - is explained by stimulation of cytokine
production by T cells. Non-clonal eosinophilia
can be divided in 2 categories:

- Reactive eosinophilia with malig-
nancy: Hodgkin and non-Hodgkin lymphomas,
other lymphoproliferative disorders and solid
tumors which are included here because
eosinophils have not been demonstrated as be-
ing a component of the malignant clone (7).

- Reactive eosinophilia with inflamma-
tion is frequent in allergic-, autoimmune-, infec-
tious-, graft-versus-host -diseases, immunologic
deficiencies, idiopathic eosinophilia, reactions to
drugs, skin and connective tissue disorders (7).

3. Idiopathic hypereosinophilic syn-
drome (IHES) - Patients with persistent (>6
months), unexplained eosinophilia (>1500/uL)
and organ-damage are diagnosed with IHES (8).

Eosinophilia accompanies various dis-
eases, some of them relatively common in clini-
cal practice. The conventional investigation of
patients with eosinophilia comprise: careful
anamnesis, routine laboratory tests, bone mar-
row aspirate, genetic and molecular markers
and evaluation of potentially affected organs. A
non-invasive, specific laboratory test, with a
high degree of sensitivity and specificity would
be necessary to facilitate an earlier distinction
between clonal and reactive eosinophilia. Previ-
ous reports have shown that plasma IL-5 and
ECP levels may reflect the degree of
eosinophilic activation and could differentiate
between clonal and non-clonal eosinophilia (9).
IL-5 is produced by lymphocytes, eosinophils
and malignant cells and is essential for matura-
tion, chemotaxis, activation, trafficking and for
recruitment of eosinophils in areas of tissue in-
flammation (9). ECP is a cytotoxic protein con-
tained within eosinophil specific granules.
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Plasma or serum ECP levels may indicate
eosinophilic activity or the degree of activation
(10). Some recent studies have shown that
ECP/Eo ratio might represent a better biomarker
than using serum ECP and eosinophilic blood
count independently (9). We used serum ECP,
ECP/Eo ratio, IL-5 and bone marrow eosinophil
percentage to find out whether the eosinophil ac-
tivity is different in patients with clonal than in
non-clonal eosinophilia, but also between non-
clonal hematologic  malignancies  with
eosinophilia and solid tumors. We also tried to
determine the diagnostic value of these serologi-
cal parameters in early differentiation among
various eosinophilic diseases.

Materials and methods

We investigated 69 eosinophilic patients,
divided in 3 categories: clonal eosinophilia, non-
clonal (reactive) eosinophilia in neoplastic
(hematologic and non hematologic) diseases and
reactive eosinophilia in inflammatory conditions.
We compared data from eosinophilic patients
group with 20 non-eosinophilic subjects (control
group). We also analyzed the eosinophilic activa-
tion degree within the above mentioned 3 cate-
gories of eosinophilic patients.

For each patient and control group sub-
ject we determined: serum ECP value expressed
in ng/mL, the amount of IL-5 expressed in
pg/mL, the absolute eosinophil count in periph-
eral blood (Eo) expressed as number of cells/ul
and ECP/Eo ratio (by calculation). The percent-
age of BM eosinophils was calculated after ex-
amining at least 500 nucleated cells, using the
BM differential count. We did not perform bone
marrow aspiration in control group subjects.
Leukocyte count, differential white blood count
and the absolute eosinophil count in peripheral
blood were performed using Sysmex analyzer
(XT-1800i). Percentages of eosinophils were
evaluated also by microscopic examination of
peripheral blood smear. Serum ECP determina-
tions were performed by a chemiluminescence
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immunoassay (Immulite 2000, Siemens) and
the IL-5 in serum by ELISA (DRG Diagnostics
kit, Germany) according to the instructions of
the manufacturer. Until processing, serum sam-
ples aliquots were kept at -80°C in Eppendorf
microtubes. Serum concentration of ECP per
eosinophil was calculated as ratio of serum ECP
concentration (ug/L) to eosinophilic blood
count- Eo (cells/ul) and expressed as ECP/Eo
ratio after the formula: ECP/Eo ratio = ECP
(ng/L)number of eosinophils (celld).

Statistical tests were performed using R
software (a GNU project developed by Lucent
Technologies). Due to the fact that all continu-
ous variables were not normally distributed me-
dian value and the inter-quartile range (IQR) of
the data set were used. Further, differences be-
tween ECP, IL-5 and ECP/Eo values corre-
sponding to control group and different groups
of patients were assessed by Median test, appli-
cable for non-normally distributed data and
small sample sizes (11- 13).

The present study was performed with
informed consent of the patients for research and
data publication, according to the World Medical
Association Declaration of Helsinki, revised in
2000, Edinburgh.

Results

We investigated 69 eosinophilic pa-
tients - with clonal eosinophilia (n=28), non-
clonal (reactive) eosinophilia in neoplastic dis-
eases (n= 25), reactive eosinophilia in inflam-
matory conditions (n=16) - and 20 non-
eosinophilic subjects (control group). Clonal
eosinophilia group consisted of patients with
AML (n=6), CML (n= 17), MDS (n=4) and SM
(n=1). Chronic lymphoproliferative disorders
and non-hematologic neoplasms (solid tumors)
were categorized as non-clonal eosinophilia with
malignancy. In this category, we investigated 20
patients with lymphoproliferative syndromes:
T-cell non Hodgkin lymphoma -NHL (n= 3),
B-cell NHL (n= 8), Hodgkin lymphoma - HL
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(n=1), Chronic Lymphocytic Leukemia - CLL
(n=4), Multiple myeloma — MM (n=4) and 5 pa-
tients with solid tumors: colon (n=2), lung (n=1),
uterine (n=2). We considered as reactive
eosinophilia with inflammation the following
conditions: rheumatoid arthritis (n=1), toxoplas-
mosis infection (n=1), idiopathic thrombocy-
topenic purpura (n=6), megaloblastic anemia
(n=4) and hemolytic anemia (n=4). The
eosinophilic patients had blood eosinophilia -
(>600 cells/ul) and /or BM eosinophilia (>8%
mature and immature eosinophils).

In Table 1we included serum levels of
ECP and IL-5, the absolute eosinophil count in
peripheral blood (Eo) and ECP / Eo ratio in the
control group and in eosinophilic patients (over-
all and by category of disease). We also noted
patients' percentage of eosinophils in bone mar-
row (BM- Eo). Data are expressed as medians
with inter-quartile range (IQR) in parenthesis.

Compared to control group, in
eosinophilic patients we report higher ECP val-
ues (median, IQR) statistically significant (19.55
ng/mL, 11.5-31.4 vs. 4.93 ng/mL, 3.67-6.32,
p<0.05). Within patients with eosinophilia, the
clonal eosinophilia group showed significantly
higher ECP levels (median, IQR) compared to
those of the non-clonal eosinophilia groups
(30.15 ng/mL, 12.23-143.2 vs. 19.5 ng/mL, 14.8-
25.7, p<0.05, and respectively 30.15 ng/mL,
12.23-143.2 vs. 13.3 ng/mL, 8.16-19.1, p<0.05).
On the other hand, patients having non-clonal
eosinophilia with malignancy had significantly
higher serum ECP levels (median, IQR) com-
pared to those of reactive eosinophilia and in-
flammation (19.5 ng/mL, 14.8-25.7 vs. 13.3
ng/mL, 8.16-19.1, p<0.0%jigurel

Thus, ECP levels were useful in distin-
guishing between different eosinophilia groups.

Compared to control group, eosinophilic
patients had higher IL-5 values (median, IQR)
statistically significant (2.16 pg/mL, 1.74-2.72 vs
1.88 pg/mL, 1.52-2.19, p<0.05).

However, in clonal eosinophilia vs. non-
clonal eosinophilia groups there were no significan
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Table 1. Levels ECP, IL-5, Eo, ECP / Eo ratio and Bl -Eo patients and control group
Groups Pa,fl'ﬁms ECP IL-5 Eo ECP/Eo BM-Eo
Control arou 20 4.93 1.88 103 0.040 i
group (3.67-6.32) (1.52-2.19)  (80-140)  (0.038-0.062)
Patients 19.5 2.16 755 0.028
Total 69 (11.5-31.4)  (1.74-2.72)  (401-1500) (0.017-0.035) 10 (8-12)
CIor_1aI B 28 30.15 2.27 975 0.029 9 (8-14.5)
eosinophilia (12.23-143.2) (1.93-2.68) (392-4469) (0.020-0.038)
Non-clonal
. - 19.5 1.89 784 0.026
eosinophilia 25 (14.825.7) (L.72-253) (405-1219) (0.019-0.033) ° (8105
with malignity
Reactive 13.3 2.28 0.018
eosinophilia 16 (816.19.1) (1.85-3.26) 016(498:800) 134 3y 10(9-135)

Values are expressed as medians with inter-quaatige (IQR) in parenthesis.

differences in the median levels of ILEdure 2.
Our results are not consistent with a previousystud
(9), in which IL-5 levels were much higher in clbna
compared to non- clonal eosinophilia.

Regarding ECP/Eo ratio lower values
(median, IQR) were obtained in patients compara-
tive to control group (0.028, 0.017-0.035 vs
0.040, 0.038-0.062, p<0.05) but there was no sta-
tistically significant difference among the 3
eosinophilic groupsHigure 3. As a limit for the
analysis, we could not perform a proper dilution
of samples with ECP values > 200 ng/mL, be-
cause the diluent specifically recommended by
the manufacturer was not available. The higher
ECP values that had been obtained by diluting the
samples would have influenced probably the lev-
els of ECP/Eo ratio in clonal eosinophilia patients

IL-5 and ECP/Eo levels did not help in
distinguishing reactive eosinophilia with in-
flammation from other eosinophilic conditions.

Further, we divided patients having
non-clonal eosinophilia with malignity in 2
groups: eosinophilic patients with non-clonal
hematologic malignancy and eosinophilic pa-
tients with non hematologic malignancy (solid
tumors). The first category comprised 20 pa-
tients with chronic lymphoproliferative diseases
and the other category included 5 patients witk sol

tumors. A difference was registered only in IL\5-le
els, patients with hematologic malignancy having
higher values, but this finding may not be validlin
cases considering the small group of patients.

Discussions

Eosinophilia is frequently found in clini-
cal practice and sometimes serves as a diagnostic
indicator in certain hematologic malignancies. In
both stem cell and myeloid malignancies,
eosinophils arise from the neoplastic clone, while
in most lymphoid malignancies, solid tumors and
other reactive conditions eosinophilia is generated
by eosinopoietic cytokines (5, 7). Few data have
been published regarding the comparison between
patients with clonal and reactive eosinophilia or
between hematological and non-hematological
disorders accompanied by eosinophilia.

We analyzed the eosinophilic activation de-
gree within 3 eosinophilic conditions (clonal disor
ders, non-clonal eosinophilia with malignancy and
reactive eosinophilia in inflammatory conditions).

Clonal eosinophilia

In AML, a high level of blood and bone
marrow eosinophilia is infrequent, except
AML- M4Eo (FAB) with chromosome 16 vari-
ants such as inv(16)(p13g22) or t(16;16)
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Figure 1. Serum ECP levels in different eosinophilia groups.
The box plot indicates the median and IQR values of serum ECP levels.
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Figure 2. Serum IL-5 levels in different eosinophilia groups.
The box & whisker plot indicates the median and IQR values of serum

IL-5 levels.
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Figure 3. ECP/Eo values in different eosinophilia groups.
The box plot indicates the median and IQR values of ECP/Eo ratio.

AML-Eo cases eosinophils major
atypia consists in positivity for
naphthol-AS-chloroacetate esterase
(NACE). This cytochemical feature
is missing in eosinophils from nor-
mal or reactive conditions and most
myeloid malignancies with eosino-
philia (15). We investigated 6 pa-
tients with AML - 3 patients with
AML-M4 (FAB) and inv(16)/
t(16;16) and 3 patients with AML-
M2 (FAB) and t(8;21). The highest
ECP levels were observed in AML-
M4 patients (>200 ng/mL). They also
had high percentage of BM-Eo (>
20%), mature and immature forms
with  morphological atypia and
eosinophils containing a mixture of
eosinophilic and basophilic granules.
Eosinophilic granules showed posi-
tivity for (NACE).

In Ph+ CML, eosinophils are
a component of the malignant clone
(14). Substantial eosinophilia is usually
correlated with cytogenetic progression
and occurs during accelerated or in
blastic phase (14). We investigated 13
CML patients (7 of them were in
chronic phase and 6 in accelerated
phase). The highest values for ECP (>
200 ng / mL) were observed in CML
patients with significant eosinophilia
(>10% eosinophils in peripheral
blood), important basophilia (>10%
basophils in peripheral blood) and
trombocytosis (>1milion/mm3) or in
accelerated phase. This observation

(p13g22) with the chimeric fusion of CBF could sustain the existence of a common eosinophil-
and MYH1 genes (14). Also, eosinophilia may basophil precursor (16). Morphologic atypia seen in
be present in a minority of cases of AML- M2  patients with CML were: hypersegmented nuclei,

or M1 (FAB) with t(8;21)(q22922) and AML1- vacuolation, presence of immature forms, basophilic
ETO fusion gene(11). AML- M4 (FAB) accom-  and eosinophilic granules in eosinophilic myelo-

panied by inv(16) is characterized by an in- cytes and, occasionally, in mature eosinophils. The
crease of mature and immature eosinophils in presence of mixed eosinophilic and basophilic gran-
bone marrow (blood eosinophilia is lacking). In  ules in eosinophils may also indicate a common
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myeloid precursor for eosinophils and basophils.
Leukocytes with hybrid granules could be inter-

preted as an argument for a neoplasia- related lin-
eage infidelity (7).

In some IHES patients, it has been
proved that eosinophils were clonal and, in
other cases, patients with IHES progressed into
a myeloid neoplasm (17). Moreover, before
2003 (when FIP1L1- PDGFR mutation was dis-
covered), many patients were categorized as
IHES (18). We investigated 4 patients with
IHES. 3 of them responded to imatinib therapy,
without evidence of any genetic anomalies. We
considered that these 3 patients might carry a
rearrangement or an overexpression of a gene
which encodes for a tyrosine kinase. The fourth
patient had a FIP1L1-PDGFR mutation and was
also responsive to imatinib. Because of the sus-
pected/demonstrated clonality of eosinophilia in
these cases, we considered and included them
in clonal eosinophilia group. Levels of serum
ECP and IL-5 were not significant higher than
other clonal eosinophilia cases and our explana-
tion is based on the fact that these patients were
already under treatment. Approximately 10% of
al MDS cases are accompanied by
eosinophilia. Eosinophilia at the time of diagno-
sis has prognostic implication, with an increas-
ing possibility to transform into secondary
AML and a decreased survival (19). It has been
demonstrated that in some MDS cases,
eosinophils belong to the malignant clone (20).
The most common cytogenetic abnormalities in
MDS with eosinophilia are located on chromo-
somes 5, 7 or 16 (20). We investigated 4 MDS
patients - 2 with refractory cytopenia with mul-
tilineage dysplasia (RCMD) and 2 with refrac-
tory anemia with excess blasts (RAEB). One of
the RMCD patients had t(5;12)(g33;p13) which
could confirm the hypothesis that a genetic al-
teration involving chromosome 5 might gener-
ate the rearrangement of genes that regulate
eosinophil differentiation (20). Both RAEB pa-
tients had monosomy 7. Previous studies
showed that patients with MDS and monosomy
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7 with more than 5% bone marrow eosinophils
are patients with a great probability to develop
secondary or therapy-related AML (20). We
considered monosomy 7 in our patients as a
poor prognosis element. Our MDS patients
showed moderate ECP increases, but less than
in CML or AML patients and normal IL-5 lev-
els. All 4 MDS patients had mature and imma-
ture eosinophils in both peripheral blood and
bone marrow, an incomplete segmentation of
the nucleus in mature eosinophils (pseudo Pel-
ger-Huet anomaly), disproportion of
eosinophilic granules, ring shaped nucleus or
vacuolated cytoplasm. Peripheral eosinophilia
accompanies SM in up to 20 % of cases and
bone marrow biopsies often show eosinophilia
(4). In our study we included only one patient
with smoldering SM, mild peripheral and bone
marrow eosinophilia, but no increase in ECP,
IL-5 or ECP/Eo ratio. Among patients with
clonal eosinophilia we observed the highest
ECP levels in CML and AML- M4Eo patient.
Regarding IL-5 and ECP /Eo ratio no signifi-
cant differences were found.

Non-clonal (reactive) eosinophilia in
hematologic malignancies

In this category we considered lymphoid
neoplasms associated with eosinophilia (21): T-
NLH, HL and less common B- NHL, NK-cell
malignancies and other B-cell malignancies.

Clonal eosinophilia associated with T-
NHL is rare (6) and it is considered to be reac-
tive in most of cases, being induced by exces-
sive production of eosinophilopoietic cytokines
(IL3, IL5 and GM-CSF) (which are generated
by lymphoid cells). Lesional eosinophilia is
most common with nodular sclerosis Hodgkin
lymphoma and heavy eosinophilic tissue infil-
tration indicates a poor prognosis (22).
Eosinophilia in Hodgkin lymphoma has been
correlated with the expression of IL-5 mMRNA
by Reed-Sternberg cells and explained by the
finding that cultured H-RS cells synthesize IL-5
and GM-CSF which are potent stimulators of
eosinophils (23). In our group of eosinophilic
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patients there were 3 patients with T- NHL and
17 patients with B-cell limphoproliferative dis-
orders while reviews indicate a higher inci-
dence of eosinophilia in T- NHL (21). We in-
cluded in our study group patients with MM,
trying to explain the high percentage of
eosinophils in bone marrow (>8%). Recent ex-
periments showed that plasma cells need an ap-
propriate bone marrow microenvironment for
survival and production of antibodies (24)
Eosinophils make an important contribution to
maintain this survival niche. In vitro studies
demonstrated that eosinophils sustained the sur-
vival of plasma cells by releasing the prolifera-
tion-inducing ligand APRIL and IL -6.
Eosinophil roles in bone marrow may also in-
clude remodeling events such as bone regenera-
tion by secreting IL-4 and IL-6. These observa-
tions on mice await further studies in patients,
because of potentially implications in diseases
with abnormal expression of antibodies secreted
by plasma B cells (e.g. autoimmune diseases or
MM) (24). Among all eosinophilic patients with
lymphoproliferative syndromes, the highest
ECP and IL-5 levels were observed in patients
with T-cell NHL. Within B-cell lymphoprolifer-
ative syndromes, CLL patients had the highest
of ECP and IL-5 serum levels.

Non-clonal (reactive) eosinophilia in
solid tumors

Tumor-associated eosinophilia occurs
in many solid tumors of epithelial origin (e.qg.
gastrointestinal, uterine, cervical, mammary,
bladder, glioblastoma, pancreatic, lung, na-
sopharynx) (3). Eosinophilia may occur before
diagnosing a neoplastic disease and may require
an extended interval of observation (3). In solid
tumors, eosinophils do not belong to the intrin-
sic malignant process and eosinophilia is in-
duced by eosinophilopoietic and tumor cells-se-
creted cytokines (25). Previous studies showed
that eosinophils are cytotoxic against tumor
cells (3) and may be implicated in remodeling
of the host connective tissue and blood vessels
as a reaction to the growing tumor (3, 26). We
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investigated 5 patients with solid tumors (2 with
colon cancer, 1 with lung cancer, 2 with uterine
cancer). Regarding non-clonal hematological
malignancies and solid tumors accompanied by
eosinophilia, ECP levels and BM-Eo from both
categories were comparable. IL-5 levels were
higher in patients from the first category. These
data may be not statistically significant due to
the small number of patients.

Reactive eosnophilia with inflammation

Eosinophilia is mostly associated with
allergy, drug reactions, infections, disorders of
skin and connective tissue. In these cases
eosinophilia is determined by stimulated Th2
cells that secrete high amounts of cytokines
(GM-CSF, IL- 3, IL- 4, IL- 5 and IL-13) (2, 3,
5). These cytokines initiate autocrine loops that
allow eosinophils to survive. It is improbable
that assessment of cytokine levels solely would
allow the distinction between clonal and non-
clonal eosinophilia. Our patients with reactive
eosinophilia and inflammation had a signifi-
cantly higher median serum ECP value than that
of the control group, but much lower than that
of the clonal eosinophilia and non-clonal
eosinophilia with malignity (Figl) IL-5 and
ECP/Eo levels did not help in distinguishing re-
active eosinophilia with inflammation from
other eosinophilic conditions. Non-clonal
eosinophilia cases were not accompanied by cy-
tochemical atypia and in these cases we rarely
observed abnormal morphology of eosinophils
(e.g. partial degranulation).

Conclusions

Eosinophilia is a diagnostic key in nu-
merous hematologic and non-hematologic dis-
eases. In patients with eosinophilia, it is imputrta
to certify or exclude clonality, to delineate an in
trinsic malignant process or a reactive condition.
Various biochemical and molecular/cytogenetic
biomarkers are available, but we searched a non-
invasive, relevant laboratory test that could disti
guish variants of eosinophilic disorders. Our
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study shows that serum ECP levels could be help-
ful in early differentiation of clonal from non-
clonal eosinophilia. IL-5 levels and ECP/ Eo
were less useful, but their diagnostic value must
be confirmed in larger studies. Serum ECP, IL-5
and ECP/Eo are not specific routine diagnostic
tests and more sensitive biomarkers of eosinophil
clonality need to be developed.
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