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■ Abstract
Background: Previous studies indicated that eosinophils inﬁltrate the skin during drug eruptions and that counts may become elevated in
circulation. However, little is known about the role of eosinophils in the prognosis of patients with drug eruption.
Objective: This study aims to investigate the correlation between circulating eosinophil counts and the prognosis of patients with drug eruption.
Methods: A total of 113 patients were enrolled in this study. Clinical features, peripheral blood eosinophil counts, and liver function were
analyzed in patients and controls.
Results: Our study indicated that eosinophils changed dynamically in different types of drug eruption and that mean eosinophil counts in
patients with erythema multiforme–type drug eruption were signiﬁcantly higher than in patients with other types of eruption. Most patients
with eosinophilia had poor liver function, prolonged corticosteroid use, and extended hospitalization, all of which indicate severe disease.
Conclusions: Our data suggest that circulating eosinophil counts were positively correlated with the severity of the drug eruption. Therefore,
corticosteroids may be needed to treat patients with eosinophilia in clinical practice.
Key words: Drug eruptions. Prognosis. Eosinophils.

■ Resumen
Antecedentes: Estudios previos indican que los eosinóﬁlos inﬁltran la piel durante el curso de las erupciones medicamentosas y pueden
elevarse a nivel circulante. No obstante se sabe poco acerca del papel de los eosinóﬁlos en el pronóstico de estas reacciones.
Objetivo: El objetivo de este estudio fue determinar la posible correlación entre el número de eosinóﬁlos circulantes y el pronóstico de los
pacientes con erupciones medicamentosas.
Métodos: Para ello, se estudiaron 113 pacientes afectos de estas reacciones y se analizó la clínica, se determinaron los eosinóﬁlos circulantes
y la función hepática de los mismos, así como de controles sanos.
Resultados: Los resultados de este estudio indican que el número de eosinóﬁlos cambia en los diferentes tipos de reacciones o erupciones
medicamentosas y que el porcentaje de eosinóﬁlos en el eritema polimorfo es signiﬁcativamente mayor que el que presentan los pacientes
con otro tipo de eritema.
La mayoría de los pacientes con eosinoﬁlia muestran una pobre función hepática, alto uso de corticosteriodes y hospitalización prolongada
indicando la gravedad del proceso.
Conclusiones: En conclusión estos datos sugieren que los eosinóﬁlos circulantes se correlaciona positivamente con la gravedad del cuadro
clínico con necesidad de tratamiento con corticosteroides.
Palabras clave: Erupciones medicamentosas. Pronóstico. Eosinóﬁlos.

© 2013 Esmon Publicidad

J Investig Allergol Clin Immunol 2013; Vol. 23(4): 248-255

J Yang, et al

249

Introduction

Methods

The skin is one of the organs most often affected by
adverse drug reactions. Drug eruptions are adverse reactions
of the skin to drugs. These reactions are often accompanied by
severe complications, which restrict the use of the medication.
Adverse drug reactions are a public health problem owing to
the frequency of their occurrence.
Previous in vivo and in vitro data indicate that eosinophils
are involved in drug-induced cutaneous reactions [1-3].
Histological examination of drug-induced lesions indicates
that mixed inÁammatory cells, including a large number of
eosinophils, inÀltrate the skin [1,4-6]. Additional studies
indicate that drug eruptions may also be associated with
increased counts of circulating eosinophils [1,7], especially in
patients with drug rash with eosinophilia and systemic signs
(DRESS) syndrome, which is commonly deÀned by rash with
eosinophilia and multiorgan involvement, including increased
liver enzyme levels [8,9]. Eosinophils contribute to tissue
damage through the release of various toxic granule proteins,
such as eosinophilic cationic protein, major basic protein,
and eosinophil peroxidase [10-12]. Thus, eosinophils play
a key role in drug-induced cutaneous eruptions. However,
hypersensitive reactions to drugs can cause different types
of skin disorders, including morbilliform rash, erythema
multiforme, and urticaria. Variations in eosinophil counts in
different types of drug-induced cutaneous reactions have not
been fully elucidated. Additionally, the dynamic changes in
eosinophils in patients with drug eruption and the ability of
eosinophil counts to predict the prognosis of drug eruptions
have not been investigated in detail [8].
We found that depletion of circulating eosinophils was
common in most patients with drug eruption. In addition,
patients with eosinophilia had poor liver function, prolonged
corticosteroid use, and extended hospitalization, Àndings
that indicate severe disease. Our data suggest that circulating
eosinophil counts correlated positively with the severity of
the eruption and that corticosteroids may be necessary for the
treatment of patients with eosinophilia.

Study Population and Variables
This study was approved by the Ethics Committee of
Zhongshan Hospital, Fudan University, Shanghai, People’s
Republic of China. All patients submitted a signed informed
consent before treatment. The patients were hospitalized
because of drug eruption at the Department of Dermatology
in Zhongshan Hospital, Fudan University between 2007 and
2010. The diagnosis of drug eruption was based on skin lesions
and suspected drug use history, and the types of drug eruption
were classiÀed according to Wintroub and Stern [13]. The
study sample comprised 113 patients with a diagnosis of drug
eruption. Of these, 31 were classiÀed as morbilliform rash, 49
as erythema multiforme, and 33 as urticaria. Patient age, sex,
and eosinophil counts are presented in Table 1. Five patients
had drug fever, and 2 of the patients with erythema multiforme
had superficial erosions of the oral mucosa. Vital signs
were unaltered in all cases. The drugs responsible included
amoxicillin, cephalosporins, antiepileptic agents, allopurinol,
and herbs. Table 2 shows the type of eruption and the drugs
involved in each. The control group comprised 23 patients
with acute urticaria and no history of drug intake and 15
healthy volunteers. All 38 patients gave their informed consent.
Patients with atopy and severe blood diseases were excluded
from the study, as were patients with DRESS syndrome.
Blood Eosinophil Count and Detection of Liver
Enzymes
Peripheral blood samples were obtained from all patients
between 6 AM and 7 AM , before the corticosteroid was
administered. Eosinophils, total leukocytes, lymphocytes,
and basophils were counted using an automated hematology
analyzer Sysmex XE-2100 (Sysmex). Eosinophil counts,
expressed as absolute numbers (reference range, 0.02×109
to 0.5×10 9 cells/L) were recorded; absolute eosinophil
counts of 0.02×109 cells/L were deÀned as low, and counts
of >0.5×109 cells/L as high [14]. Serum levels of alanine
aminotransferase (ALT; reference range, <75 U/L) and

Table 1. Characteristics of Patients
Pollen

Controls

Variables

Erythema
Multiforme

Morbilliform

Urticaria

Total

Urticaria
Controls

Healthy
Controls

Age, y, mean (SD)
Sex
Male
Female

47.5 (19.8)

53.0 (20.0)

45.0 (16.4)

49.1 (19.0)

53.5 (18.8)

50.9 (8.3)

26
23

12
19

19
14

57
56

11
12

8
7

0.03 (0.08)
24
7
0

0.06 (0.07)
14
19
0

0.15 (0.38)
54
49
10

0.13 (0.11)
3
20
0

0.14 (0.12)
0
15
0

Eosinophil counts, ×109/L
Mean
0.28 (0.54)
<0.02
16
0.02-0.5
23
>0.5
10
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Table 2. Type of Eruption and Drugs Involved
Type of Drug Eruption

Drugs

Erythema multiforme

Cefaclor, metamizole, allopurinol, paracetamol, acetylsalicylic
acid, fosfomycin, norvancomycin, cefotiam, celecoxib, lamotrigine,
clindamycin, antitetanic serum, levoÁoxacin, meloxicam,
carbamazepine, Yinqiao, cefprozil, ibuprofen, aminophenazone,
sodium phenobarbital, iodine, amoxicillin, cefuroxime,
metronidazole, metamizole sodium.

Morbilliform

Cefaclor, astragalus, cefuroxime, metamizole, ibuprofen, cetirizine,
paracetamol, metronidazole, acetylsalicylic acid, meloxicam,
cefoxitin, levoÁoxacin lactate, oÁoxacin, ampicillin, notoginseng,
sorafenib, amoxicillin, tinidazole, isatis, clarithromycin.

Urticaria

Paracetamol, acipimox, ceÀxime, terbinaÀne, acetylsalicylic
acid, cephalexin, pseudoephedrine hydrochloride, indomethacin,
penicillin, antitetanic serum, kudzuvine root, diclofenac, vaccines,
gynecologic Qian Jin tablets, heparin, cefprozil, oÁoxacin, losartan,
thiamazole, Ping Xiao tablets, San Huang tablets, iopromide,
captopril.

aspartate aminotransferase (AST; reference range, <75 U/L)
were detected the same day using an automatic chemistry
analyzer (Hitachi 7170A, Hitachi).
Statistical Analysis
All statistical analyses were performed with SPSS, version
15.0 (SPSS Inc). Quantitative data are expressed as mean (SD).
Statistical signiÀcance was determined using an analysis of
variance followed by Bonferroni post hoc tests for comparisons
of multiple means or the t test. The Ƶ2 test was used for
comparisons between groups. Circulating eosinophil counts
during the course of the disease in 10 patients with erythema
multiforme were compared using a paired t test. Correlations
were determined using Spearman’s rank correlation. P<.05
was considered statistically signiÀcant.

Results
Patient Characteristics
The study sample comprised 113 patients with drug
eruption, 15 healthy controls, and 23 patients with acute
urticaria but no history of drug intake. No statistically
signiÀcant differences were detected between the various types
of drug eruption (morbilliform, erythema multiforme, and
urticaria) with respect to gender (P>.05, Table 1). Similarly,
no signiÀcant differences were found in the mean (SD) age
of the patients with drug eruption (49.1 [19.0] years), healthy
controls (50.9 [8.3] years, P>.05), and patients with acute
urticaria (53.5 [18.8] years, P>.05, Table 1). Patients were
admitted to hospital 1.44 (0.8) days after the onset of rash,
although no signiÀcant differences were found between the
groups (data not shown). Patients with drug eruption did
not receive systemic corticosteroids before admission to
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hospital. After diagnosis of drug eruption, patients received
corticosteroids on admission to hospital; patients also
received complementary therapies, such as gastroprotective
agents, antihistamines, and topical treatment. Patients with
hypertension and diabetes continued their current treatments.
The typical skin manifestation of erythema multiforme–type
drug eruption is a central dusky purpura surrounded by a pale
raised edematous ring and macular erythema. The central area
may be bullous. Urticaria-type drug eruption is characterized
by the appearance of wheals, which are generally surrounded
by a red halo. Morbilliform drug eruption is characterized by
erythema, often with small papules throughout.
Eosinophil Counts in Patients With Drug Eruption
No statistically signiÀcant differences were detected
between the drug eruption group and the control group with
respect to kidney function and blood levels of total leukocytes,
lymphocytes, and basophils (data not shown). Neutrophilia
was detected in several patients with drug eruption, although
no signiÀcant differences were found between the 3 groups
of drug eruption patients and the healthy controls (data not
shown). Unexpectedly, the percentage of drug eruption
patients with low eosinophil counts (<0.02×109 cells/L) was
signiÀcantly higher than that of controls with urticaria and
healthy controls (48%, 13%, and 0%, respectively) (Figure 1,
A; Table 1), although the average eosinophil counts in patients
with drug eruption were not signiÀcantly different from those
in the control group (P>.05) (Figure 1, B). Interestingly,
most patients with drug eruption and high eosinophil counts
(>0.5×109 cells/L) were in the erythema multiforme–type
group (Figure 1, A; Table 1). We further examined whether
eosinophil counts varied between the 3 types of eruption.
A horizontal comparison of the 3 groups confirmed that
eosinophil counts were signiÀcantly higher in patients with
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Figure 1. Eosinophil counts in patients with drug eruption. A, Percentage of individuals with eosinophil counts <0.02×109 , 0.02×109 ~ 0.5×109, >0.5×109 cells/L.
B, Average eosinophil counts in patients with drug eruption, healthy controls, and urticaria controls. C, Horizontal comparison of eosinophil counts
between the different drug eruption classes. D, Longitudinal monitoring of eosinophil counts in 10 patients with drug eruption manifesting as erythema
multiforme. HC indicates healthy control; DE, drug eruption; UC, urticaria control; EmT, erythema multiforme–type; UT, urticaria-type; MT, morbilliform type.

erythema multiforme–type eruption than in patients with the
other types (Figure 1, C). Longitudinal analyses indicated
that the increased eosinophil counts (>0.5×109 cells/L, n=10)
decreased signiÀcantly after treatment with corticosteroids
in patients with erythema multiforme–type drug eruption
(Figure 1, D).
Eosinophil Counts and Disease Severity
Because eosinophil counts were signiÀcantly higher in
patients with erythema multiforme–type eruption than in the
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other classiÀcations and most drug eruption patients with high
eosinophil counts (>0.5×109 cells/L) were in the erythema
multiforme–type group (Figure 1, A and C; and Table 1), we
focused on whether there was a positive relationship between
eosinophil counts and disease severity in patients with erythema
multiforme. Thus, we compared the average eosinophil counts
with liver function (serum levels of ALT and AST), cumulative
corticosteroid usage, and days of hospitalization (erythema
multiforme–type patients). A positive correlation was found
between eosinophil counts and serum levels of ALT and AST
(Figure 2, A and B). Furthermore, eosinophil counts were
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Figure 2. Eosinophil counts and disease severity were positively correlated in patients with drug eruption manifesting as erythema multiforme. Comparisons between
eosinophil counts and serum ALT levels (A), serum AST levels (B), days of hospitalization (C), and cumulative corticosteroid usage (prednisone, mg) (D).

positively correlated with longer periods of hospitalization
(R=0.490, P<.05) (Figure 2, C) and cumulative corticosteroid
use (R=0.557, P<.05. Figure 2, D). These data indicated that
circulating eosinophil levels may be closely related to disease
severity in patients with erythema multiforme–type eruption.
Similar results were recorded for all the study patients with
drug eruption (data not shown).
We further examined the effect of low or high eosinophil
counts on the prognosis of all patients with drug eruption.
Because eosinophil counts between 0.02×109 and 0.5×109
cells/L were considered normal [15], patients were classiÀed
into 3 groups, as follows: group 1, <0.02×109 cells/L (n=54);
group 2, 0.02×109 to 0.5×109 cells/L (n=49); and group 3,
>0.5×109 cells/L (n=10). No differences were found between
these 3 groups with respect to age (data not shown). In terms
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of liver function, group 3 had higher average serum ALT
and AST levels than group 1 and group 2 (P<.05. Figure 3,
A and B). In terms of mean length of stay, group 3 patients
remained in hospital longer (32.7 [17.6] days) than group
1 and group 2 patients (9.8 [5.9] days and 12.0 [7.5] days,
respectively, P<.05, Figure 3, C). Although all patients were
prescribed corticosteroid treatment after diagnosis of drug
eruption, we focused on the cumulative use of corticosteroids
in patients with erythema multiforme–type eruption and
found that the cumulative usage of corticosteroids in group
3 was much higher than in group 1 and group 2 (P<.05.
Figure 3, D). These data suggest that eosinophil counts are
highly correlated with the severity of the drug eruption and
that eosinophil counts may be a promising predictor of the
severity of drug eruptions.
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Figure 3. Role of eosinophil counts in the prognosis of drug eruption. Patients with drug eruption were classiﬁed into 3 groups according to their eosinophil counts:
group 1, <0.02×109 cells/L; group 2, 0.02×109 to 0.5×109 cells/L; and group 3, >0.5×109 cells/L. A, Serum ALT levels. B, Serum AST levels. C, Days of hospitalization
in all enrolled patients with drug eruption. D, Cumulative corticosteroid use (prednisone, mg) in patients with erythema multiforme.

Discussion
The proliferation and differentiation of eosinophils in
bone marrow and their subsequent mobilization and activation
are controlled by T-cell–produced cytokines, particularly
interleukin (IL) 5, which is produced by a subset of type 2
helper T (TH2) cells. Eosinophil activity is also augmented by
TH1 cytokines, including IL-3 and granulocyte-macrophage
colony-stimulating factor (GM-CSF) [11,15-18]. In general,
the level of eosinophils is normally tightly regulated. In
healthy controls, eosinophils account for only a small minority
of peripheral blood leukocytes, and their presence in tissues
is primarily limited to the gastrointestinal mucosa [19].
However, under certain conditions, eosinophils can selectively
accumulate in peripheral blood or in tissue [10,20,21]. Any
perturbation that results in eosinophilia, deÀned as an abnormal
accumulation of eosinophils in blood or tissue, has profound
clinical effects. Growing evidence indicates that marked
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accumulation of eosinophils occurs in several disorders, such
as allergic diseases, parasitic infections, autoimmune diseases,
inÁammatory disorders, and cancer [11,19,22-28].
Although average eosinophil counts were not signiÀcantly
different between patients with drug eruption and controls,
the percentage of patients with low eosinophil counts
was signiÀcantly higher in the drug eruption group than
in the control group. Eosinophilia occurs in 4 stages: (1)
differentiation and proliferation of eosinophils in bone marrow;
(2) rolling, adhesion, and migration of eosinophils; (3) speciÀc
migration through chemoattraction; and (4) activation and
subsequent cell death [11]. During the acute stage of drug
eruption, circulating eosinophils recruited to cutaneous lesions
or consumed in larger numbers than the bone marrow can
immediately replenish might contribute to the low level of
circulating eosinophils. The mechanism underlying eosinophil
depletion in patients with drug eruption requires further
investigation.

© 2013 Esmon Publicidad

Eosinophils in Drug Eruptions

The external manifestations of drug eruption are diverse.
We only focused on 3 types because of the small number of
available clinical samples and time constraints. Interestingly,
more patients with erythema multiforme–type drug eruption
had high eosinophil counts (>0.5×109 cells/L) than patients
from the other groups (Figure 1, A; Table 1). The high levels of
circulating eosinophils in patients with erythema multiforme–
type drug eruption could be due to the previously described
overproduction of IL-5, IL-3, and GM-GSF in peripheral
blood and lesions during drug eruption [1,2,29]. High levels
of these cytokines could stimulate eosinophil differentiation
and proliferation in bone marrow and enhance eosinophil
recruitment to peripheral blood and lesions [15,16]. Urticariatype drug eruption is mainly related to type I allergies and
rarely involves overproduction of cytokines such as IL-5,
thus potentially explaining the decrease in eosinophil counts
in urticaria-type drug eruption.
Eosinophils can produce major basic protein, eosinophil
cationic protein, eosinophil-derived neurotoxin, and eosinophil
peroxidase, which could directly destroy involved tissue
or amplify the inflammatory cascade by recruiting other
effector lymphocytes into the inÁammatory loci [20,22,30].
Thus, eosinophils likely play a key role in the pathogenesis
of drug eruptions. Our data indicated that eosinophil counts
were positively correlated with poor liver function, extended
hospitalization, and prolonged corticosteroid use in patients
with erythema multiforme–type drug eruption. Similar
Àndings were recorded for urticaria-like and morbilliform
drug eruption. Given the tendency toward poor liver function,
extended hospitalization, and increased eosinophil counts,
circulating eosinophil counts might also be a prognostic marker
of drug eruption.
Eosinophil counts did not return to normal levels without
systemic corticosteroids, which are the most effective agent for
reducing eosinophilia [11]. Corticosteroids can suppress the
transcription of a number of genes related to eosinophil growth
and recruitment, including the genes for IL-3, IL-4, IL-5, GMCSF, and various chemokines including the eotaxins [11,30].
Administration of corticosteroids can prevent the expansion
of eosinophils in bone marrow and peripheral blood, block the
inÀltration of eosinophils into involved skin, and inhibit the
tissue damage caused by eosinophils secreting various toxic
granule proteins [30]. Thus, our Àndings could guide use of
corticosteroids in clinical practice for the treatment of patients
with eosinophilia.
In summary, our study indicated that depletion of
circulating eosinophils was common in patients with drug
eruption. However, in most patients with eosinophilia, we
observed poor liver function, extended hospitalization, and
prolonged cumulative corticosteroid use, all of which indicate
severe disease. Therefore, corticosteroids may be necessary for
the treatment of these patients.

Acknowledgments
We thank XinRong Yang for the statistical analyses and
helpful discussion. We thank Lubing Zhu, Di Gao, Qiang
Wang, Dongyan Hu, and Yi Wei for helpful discussion.

© 2013 Esmon Publicidad

254

Funding
This work was supported by a grant from the National
Natural Science Foundation of China (No. 81000693).
Conﬂicts of Interest
The authors declare that they have no conÁicts of interest.

References
1. Yawalkar N, Shrikhande M, Hari Y, Nievergelt H, Braathen LR,
Pichler WJ. Evidence for a role for IL-5 and eotaxin in activating
and recruiting eosinophils in drug-induced cutaneous eruptions.
J Allergy Clin Immunol. 2000;106:1171-6.
2. Choquet-Kastylevsky G, Intrator L, Chenal C, Bocquet H, Revuz J,
Roujeau JC. Increased levels of interleukin 5 are associated with
the generation of eosinophilia in drug-induced hypersensitivity
syndrome. Br J Dermatol. 1998;139:1026-32.
3. Gerson D, Sriganeshan V, Alexis JB. Cutaneous drug eruptions:
a 5-year experience. J Am Acad Dermatol. 2008;59:995-9.
4. Mikami C, Ochiai K, Umemiya K, Matsumura R, Kagami M,
Tomioka H, Sato Y, Tanabe E. Eosinophil activation and in situ
interleukin-5 production by mononuclear cells in skin lesions of
patients with drug hypersensitivity. J Dermatol. 1999;26:633-9.
5. Sulewski RJ, Jr., Blyumin M, Kerdel FA. Acute generalized
exanthematous pustulosis due to clindamycin. Dermatol Online
J. 2008;14:14.
6. Rozieres A, Hennino A, Rodet K, Gutowski MC, Gunera-Saad
N, Berard F, Cozon G, Bienvenu J, Nicolas JF. Detection and
quantiﬁcation of drug-speciﬁc T cells in penicillin allergy.
Allergy. 2009;64:534-42.
7. Bocquet H, Bagot M, Roujeau JC. Drug-induced
pseudolymphoma and drug hypersensitivity syndrome (Drug
Rash with Eosinophilia and Systemic Symptoms: DRESS). Semin
Cutan Med Surg. 1996;15:250-7.
8. Ramdial PK, Naidoo DK. Drug-induced cutaneous pathology. J
Clin Pathol. 2009;62:493-504.
9. Shiohara T, Iijima M, Ikezawa Z, Hashimoto K. The diagnosis of a
DRESS syndrome has been sufﬁciently established on the basis
of typical clinical features and viral reactivations. J Eur Acad
Dermatol Venereol. 2007;156:1083-4.
10. Jacobsen EA, Taranova AG, Lee NA, Lee JJ. Eosinophils: singularly
destructive effector cells or purveyors of immunoregulation? J
Allergy Clin Immunol. 2007;119:1313-20.
11. Rothenberg ME. Eosinophilia. N Engl J Med. 1998;338:1592600.
12. Nielsen LP, Peterson CG, Dahl R. Serum eosinophil granule
proteins predict asthma risk in allergic rhinitis. Allergy.
2009;64:733-7.
13. Wintroub BU, Stern R. Cutaneous drug reactions: pathogenesis
and clinical classiﬁcation. J Am Acad Dermatol. 1985;13:167-79.
14. Bary JJ, Cragg PA, C. Macknight ADC, Mills RG. Lecture notes
on human physiology. 4th edition. Oxford: Blackwell Science.
1999 p. 297.
15. Takatsu K, Nakajima H. IL-5 and eosinophilia. Curr Opin
Immunol. 2008;20:288-94.
16. Kouro T, Takatsu K. IL-5- and eosinophil-mediated inﬂammation:
from discovery to therapy. Int Immunol. 2009;21:1303-9.

J Investig Allergol Clin Immunol 2013; Vol. 23(4): 248-255

255

J Yang, et al

17. Jung YJ, Woo SY, Jang MH, Miyasaka M, Ryu KH, Park HK,
Seoh JY. Human eosinophils show chemotaxis to lymphoid
chemokines and exhibit antigen-presenting-cell-like properties
upon stimulation with IFN-gamma, IL-3 and GM-CSF. Int Arch
Allergy Immunol. 2008;146:227-34.
18. Pecaric-Petkovic T, Didichenko SA, Kaempfer S, Spiegl N,
Dahinden CA. Human basophils and eosinophils are the direct
target leukocytes of the novel IL-1 family member IL-33. Blood.
2009;113:1526-34.
19. Yan BM, Shaffer EA. Primary eosinophilic disorders of the
gastrointestinal tract. Gut. 2009;58:721-32.
20. Asquith KL, Ramshaw HS, Hansbro PM, Beagley KW, Lopez
AF, Foster PS. The IL-3/IL-5/GM-CSF common receptor plays
a pivotal role in the regulation of Th2 immunity and allergic
airway inﬂammation. J Immunol. 2008;180:1199-206.
21. van Rensen EL, Evertse CE, van Schadewijk WA, van
Wijngaarden S, Ayre G, Mauad T, Hiemstra PS, Sterk PJ, Rabe
KF. Eosinophils in bronchial mucosa of asthmatics after allergen
challenge: effect of anti-IgE treatment. Allergy. 2009;64:72-80.
22. MacKenzie JR, Mattes J, Dent LA, Foster PS. Eosinophils
promote allergic disease of the lung by regulating CD4(+) Th2
lymphocyte function. J Immunol. 2001;167:3146-55.
23. El-Osta H, El-Haddad P, Nabbout N. Lung carcinoma associated
with excessive eosinophilia. J Clin Oncol. 2008;26:3456-7.
24. Gudbjartsson DF, Bjornsdottir US, Halapi E, Helgadottir A, Sulem
P, Jonsdottir GM, Thorleifsson G, Helgadottir H, Steinthorsdottir
V, Stefansson H, Williams C, Hui J, Beilby J, Warrington NM,
James A, Palmer LJ, Koppelman GH, Heinzmann A, Krueger M,
Boezen HM, Wheatley A, Altmuller J, Shin HD, Uh ST, Cheong
HS, Jonsdottir B, Gislason D, Park CS, Rasmussen LM, Porsbjerg
C, Hansen JW, Backer V, Werge T, Janson C, Jonsson UB, Ng
MC, Chan J, So WY, Ma R, Shah SH, Granger CB, Quyyumi AA,
Levey AI, Vaccarino V, Reilly MP, Rader DJ, Williams MJ, van
Rij AM, Jones GT, Trabetti E, Malerba G, Pignatti PF, Boner A,
Pescollderungg L, Girelli D, Olivieri O, Martinelli N, Ludviksson
BR, Ludviksdottir D, Eyjolfsson GI, Arnar D, Thorgeirsson
G, Deichmann K, Thompson PJ, Wjst M, Hall IP, Postma DS,
Gislason T, Gulcher J, Kong A, Jonsdottir I, Thorsteinsdottir U,
Stefansson K. Sequence variants affecting eosinophil numbers
associate with asthma and myocardial infarction. Nat Genet.
2009;41:342-7.

J Investig Allergol Clin Immunol 2013; Vol. 23(4): 248-255

25. Cormier SA, Taranova AG, Bedient C, Nguyen T, Protheroe C,
Pero R, Dimina D, Ochkur SI, O'Neill K, Colbert D, Lombari
TR, Constant S, McGarry MP, Lee JJ, Lee NA. Pivotal Advance:
eosinophil inﬁltration of solid tumors is an early and persistent
inﬂammatory host response. J Leukoc Biol. 2006;79:1131-9.
26. Humbles AA, Lloyd CM, McMillan SJ, Friend DS, Xanthou G,
McKenna EE, Ghiran S, Gerard NP, Yu C, Orkin SH, Gerard C.
A critical role for eosinophils in allergic airways remodeling.
Science. 2004;305:1776-9.
27. Fabre V, Beiting DP, Bliss SK, Gebreselassie NG, Gagliardo LF,
Lee NA, Lee JJ, Appleton JA. Eosinophil deﬁciency compromises
parasite survival in chronic nematode infection. J Immunol.
2009;182:1577-83.
28. Gevaert P, Hellman C, Lundblad L, Lundahl J, Holtappels G, van
Cauwenberge P, Tavernier J, Bachert C. Differential expression
of the interleukin 5 receptor alpha isoforms in blood and tissue
eosinophils of nasal polyp patients. Allergy. 2009;64:725-32.
29. Caproni M, Torchia D, Schincaglia E, Volpi W, Frezzolini A,
Schena D, Marzano A, Quaglino P, De Simone C, Parodi A,
Barletta E, Fabbri P. Expression of cytokines and chemokine
receptors in the cutaneous lesions of erythema multiforme
and Stevens-Johnson syndrome/toxic epidermal necrolysis. Br
J Dermatol. 2006;155:722-8.
30. Hogan SP, Rosenberg HF, Moqbel R, Phipps S, Foster PS, Lacy P,
Kay AB, Rothenberg ME. Eosinophils: biological properties and
role in health and disease. Clin Exp Allergy. 2008;38:709-50.

Manuscript received September 15, 2012; accepted for
publication November 19, 2012.

Ming Li
Department of Dermatology
Zhongshan Hospital
Fudan University
Shanghai, 200032
China
E-mail: li.ming@zs-hospital.sh.cn

© 2013 Esmon Publicidad

