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Abstract
Background: Eosinophils play an important role in allergic in�ammation. Glucocorticosteroids have been used as an anti-
in�ammatory medication for in�ammatory diseases involving eosinophil in�ltration. Some effect of nebulized lidocaine
has been reported when treating certain patients with asthma, which is also an in�ammatory disease. The goal of this
study was to examine the effects of dexamethasone and lidocaine on eosinophil proliferation and differentiation using a
model of human umbilical cord blood mononuclear cells (UCMC) cultured with IL-5.

Methods: UCMC were cultured with IL-5 (5 ng/mL) for 4 weeks. The effects of dexamethasone and lidocaine on the
number and morphology of eosinophilic cells were visualized with Wright-Giemsa and cyanide-resistant peroxidase
stains. Moreover, the effect on eosinophil-derived neurotoxin (EDN) and eosinophil peroxidase (EPX) contents in cultured
cells were evaluated using radioimmunoassay.

Results: The number of eosinophilic cells and EDN and EPX content in cultured cells increased in a time-dependent
manner in the presence of IL-5. Dexamethasone treatment slightly decreased the number of eosinophilic cells in one
week, but this effect was lost in 2–4 weeks. Macrophages in cultured UCMC treated with dexamethasone contained more
eosinophil granule proteins. Both EDN and EPX content in cultured cells were reduced by dexamethasone. Lidocaine
decreased the number of eosinophilic cells and reduced both EDN and EPX contents in cultured cells.

Conclusions: Dexamethasone suppressed the production of eosinophil granule proteins and may also induce apoptosis
of eosinophils, while lidocaine suppresses eosinophilopoiesis. 

Background
Eosinophils play an important role in allergic diseases, including asthma. Corticosteroid therapy is effective for treating
eosinophilic diseases [1-4]. However, the mechanisms of eosinophil development and survival are only partially
understood [5]. Both the inhibitory [6] and stimulatory [7] effects of glucocorticoids are reported; however, their effect on
eosinophilopoiesis is still unclear.

Inhaled or systemic corticosteroids are ineffective treatments in many patients with severe asthma, and few treatment
options exist for patients with steroid-resistant asthma [8], although inhaled corticosteroids are the initial controllers
administered for treating asthma [9]. 

IL-5 is the main cytokine targeting eosinophilopoiesis [10], and the therapeutic e�cacy of humanized monoclonal
antibodies that target IL-5 and IL-5 receptor α for severe asthma has been established [11,12]. However, these
biomedicines incur high medical costs. Some studies proved that nebulized lidocaine is a useful therapy for control of
asthma, even steroid-dependent asthma [13,14]. Lidocaine and its analogue also affect the activity and survival of
mature eosinophils [15] and inhibit allergen-induced eosinophilic in�ammation [16-18]. Conversely, some studies report
that they do not affect airway eosinophilia [19,20]. Thus, there is no de�nitive answer to the nature of the effect of
steroids on eosinophilopoiesis and no direct study on the effect of lidocaine on eosinophilopoiesis. 

In the present study, the effect of dexamethasone and lidocaine on eosinophilopoiesis stimulated by IL-5 was
investigated. Eosinophilopoiesis was evaluated as the number and morphology of eosinophilic cells as well as the
eosinophil granule proteins obtained from human umbilical cord blood mononuclear cells (UCMC) culture.  

Methods
Isolation of UCMC 
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Human umbilical cord blood was collected during normal deliveries of new-born infants at the Mayo Clinic, Methodist
Campus. Heparin-treated umbilical cord blood from normal individuals were immediately layered over Histopaque-1077
(Sigma-Aldrich, St. Louis, MO), and the tubes containing the cord blood were centrifuged at 400×g for 30 min at room
temperature to obtain a mononuclear cell fraction. After washing twice with phosphate-buffered saline (PBS) and 1%
bovine calf serum (HyClone Laboratories Inc., Logan, UT), UCMC were suspended in RPMI-1640 medium (Celox
Laboratories Inc., Cherry Hill, NJ) supplemented with 10% bovine calf serum, 2 mM L-glutamine (Sigma-Aldrich, St. Louis,
MO), and 50 µg/mL gentamicin (pH 7.4; Sigma-Aldrich, St. Louis, MO). A part of the suspended cells was counted on
haemocytometer using Randolph's stain. Isolated UCMC were washed and 2×106 cells/mL was resuspended in the
medium.

Cell culture 

Flat-bottomed 96-well cell culture plates (Corning Inc., Corning, NY) were coated with 100 mg/mL of hyaluronic acid (HA)
in PBS (Sigma-Aldrich, St. Louis, MO) at 37°C for 3 h. UCMC (2×105 cells) were suspended in 200 µL of medium and
cultured in the presence of 5 ng/mL of IL-5 (a gift from Schering-Plough Research Institute, Kenilworth, NJ) or medium
alone at 37°C in 5% CO2. The cells suspended in the presence of IL-5 were also cultured with 1×10-9 M – 1×10-6 M of

dexamethasone (Sigma-Aldrich, St. Louis, MO), 3×10-5 M – 1×10-3 M of lidocaine (Sigma-Aldrich, St. Louis, MO) or
medium alone. Half the volume of culture medium was changed weekly. Four wells were utilized for evaluating the cell
harvest, morphology, and granule proteins. All assays were carried out in duplicate.

Harvest and morphology of cultured cells 

Viability and total number of cultured cells were determined by trypan blue exclusion, and the cells developed in the
culture were characterized using Wright-Giemsa stain and cyanide-resistant peroxidase stain. The number of total cells
and the cell components were counted weekly for 4 weeks. 

Eosinophil granule protein content in cultured cells 

To examine eosinophil differentiation, we analyse the contents of eosinophil granule proteins, including eosinophil-
derived neurotoxin (EDN) and eosinophil peroxidase (EPX), in the lysates of cultured cells. After half the volume (100 µL)
of medium supernatant was carefully removed from each well, 100 µL of 1% NP-40 (Sigma-Aldrich, St. Louis, MO)/0.01
N HCl was poured into the wells. The cell lysate was stored at -20°C until measurement of EDN and EPX. 

             The concentration of EDN in sample lysate was measured by radioimmunoassay (RIA). The RIA for EDN is a
double-antibody competition assay in which radioiodinated EDN, rabbit anti-EDN antibody, and burro anti-rabbit IgG are
used as described previously [21,22]. 

            The concentration of EPX in sample lysate was measured by RIA [23], which was modi�ed as follows. Before the
assay, Immulon-4 96-well plates (Dynex Technologies Inc., Chantilly, VA) were coated overnight at 4°C with 100 µL of
anti-human EPO antibody (5 µg/mL in PBS) and blocked with 200 µL of phosphate, protamine, foetal bovine serum, and
EDTA (PPF-E) for 2 h at room temperature. After washing the wells with washing buffer (0.1 M PO4, pH 7.5; Tween 20, 10
mL/L), 100 µL of samples diluted with PPF-E or standard control (puri�ed EPX from sera of hypereosinophilic syndrome
patients) were added to the wells in duplicate and incubated overnight at 4°C. Next, wells were washed again with
washing buffer. A second antibody, anti-human EPX antibody radiolabelled with I125, was added to the wells (50 ng/mL
in PPF-E buffer, 100 µL/well) and incubated for 6 h at room temperature. The wells were then washed, and antibodies
radiolabelled with I125 were counted in a gamma scintillation counter. 

Statistical analysis 
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             Data were represented as mean ± SE, and the statistical signi�cance of the differences was assessed with paired
nonparametric Wilcoxon signed-rank test. 

Results

Kinetic changes in eosinophilic cells
The total cultured cell number decreased temporally after one week when UCMCs were cultured with IL-5. During and
after 2 weeks, the total UCMC number increased. The number of eosinophilic cells at each week is shown in Figure 1A.
No eosinophilic cells were detectable on day 0, but the number of eosinophilic cells increased time-dependently in the
presence of IL-5. After 4 weeks, 96.9% of the total cells harvested were eosinophilic cells. In contrast, in the absence of IL-
5, no eosinophilic cells were detectable after 4 weeks. The treatment of the cultured cells with dexamethasone dose-
dependently suppressed eosinophilopoiesis stimulated with IL-5 after one week. However, there were no signi�cant
differences between control and dexamethasone-treated groups during and after 2 weeks (Figure 1B). In comparison,
lidocaine dose-dependently suppressed eosinophilopoiesis during and after one week (Figure 1C). Conversely, the
number of macrophages in the group treated with lidocaine increased more dose-dependently than the number in control
group (Additional �le 1).

Morphological �ndings of cultured cells 

To examine the morphology of cultured cells, we stained them with Wright-Giemsa stain and cyanide-resistant
peroxidase. Cyanide-resistant peroxidase stain speci�cally detects EPX. On the �rst day, a majority of UCMCs were
mononuclear cells, including lymphocytes, monocytes or undifferentiated cells, and erythrocytes. Only a small
percentage (3.5 ± 0.7%) of cells stained positive with cyanide-resistant peroxidase (Figure 2A, B). 

When cultured with IL-5, most (96.9%) of the cultured cells showed myeloid cell or granulocyte morphology that stained
positive with cyanide-resistant peroxidase after 4 weeks (Figure 2C, D). Macrophages were observed in 2.6% of the
cultured cells and slightly phagocytosed eosinophil granules (Figure 2C, D). 

When UCMC were cultured with IL-5 in the presence of 10-6 M dexamethasone, most (96.7%) of the cultured cells were
eosinophilic cells, and 2.6% of the cells observed in the 4th week were macrophages (Figure 2E, F). However,
macrophages in cultured cells treated with dexamethasone phagocytosed eosinophilic granules much more than in the
absence of dexamethasone (Figure 2E, F). In cultured cells treated with 10-3 M lidocaine, 55.9% were eosinophilic cells
and 43.9% were macrophages at 4 weeks (Figure 2G, H). Eosinophilic cells treated with lidocaine stained by Wright-
Giemsa seemed to be stained more intensely than control eosinophilic cells (Figure 2G). A part of the macrophages
phagocytosed eosinophilic granules (Figure 2G, H). 

EDN and EPX content in cultured cells 

To analyse the maturation of eosinophils from UCMCs, the concentration of EDN and EPX in cell lysate was measured.
The EDN and EPX content in cultured cells with IL-5 are shown in Figure 3 and 4. EDN and EPX content in control cultured
cells increased in a time-dependent manner (Figure 3A and 4A). 

During and after 2 weeks, the treatment with dexamethasone dose-dependently reduced EDN content despite no
signi�cant differences in the number of eosinophils between control and dexamethasone-treated groups (Figure 3B). The
treatment with dexamethasone also reduced EPX content after 4 weeks (Figure 4B). 
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Lidocaine dose-dependently reduced EDN content during and after 2 weeks (Figure 3C). EPX content was also dose-
dependently reduced after 4 weeks (Figure 4B).

Finally, we calculated the EDN or EPX levels and normalized them to the cell number (1×106 cells) after 4 weeks. EDN
levels for one million eosinophils treated with dexamethasone or lidocaine decreased, although with partially or no
signi�cant differences (Figure 5A). EPX levels per million eosinophilic cells treated with dexamethasone or lidocaine also
decreased after 4 weeks (Figure 5B).

Discussion
Eosinophils play an important role in the pathogenesis of many diseases, especially those affecting the airway, skin, or
digestive tract. Biological preparations have been developed that directly or indirectly target eosinophils in asthma
[24]. Eosinophil regulation is crucial in allergic diseases. Umbilical cord blood contains many progenitors to various kinds
of blood cells. Several studies have shown that cultured eosinophils can be generated from human UCMC in the
presence of IL-5, IL-3, and granulocyte-macrophage colony-stimulating factor (GM-CSF) [25,26]. HA also enhances
proliferation during eosinophilopoiesis from UCMC [27,28]. In this study, we used IL-5 with HA-coated �ask for UCMC
culture, because GM-CSF and IL-3 non-speci�cally stimulate all in�ammatory cells except eosinophils [12,29] or down-
regulate IL-5 receptor α [30]. 

IL-5 appears to be the critical cytokine speci�c to eosinophil development which mechanistically acts to drive expansion
and survival of mature eosinophils
[31]. Patients with severe eosinophilic asthma have an exaggerated eosinophilopoietic process in their airways. Targeting
IL-5-driven eosinophil differentiation locally within the lung maybe of relevance for optimal control of airway eosinophilia
and asthma [32]. Inhaled corticosteroids are initially administered as controller medication for asthma, and biological
preparations targeting IL-5/IL-5 receptor are used for some populations with corticosteroid-resistant asthma [11].
Nebulized lidocaine, however, are reportedly effective in animal [16,33] and human [13,14] studies, and could potentially
replace expensive biomedicines, if used as an inhalant. In this study, we examined the effects of corticosteroid and
lidocaine on eosinophil production under IL-5 stimulation.

             In the present study, eosinophils had differentiated and proliferated weekly on IL-5 stimulation. Dexamethasone
slightly suppressed eosinophil production after one week but did not signi�cantly affect the production during and after
2 weeks, in contrast to the �ndings of previous reports [5-7]. However, dexamethasone reduced EDN content in cultured
cells. Corticosteroids show the eosinophil apoptosis-promoting effect and enhance the capacity of monocyte-derived
macrophages to phagocytose apoptotic eosinophils [34]. This study also showed that macrophages treated with
dexamethasone included eosinophil granule proteins in cytoplasm much more than macrophages in control, suggesting
that apoptosis might be induced, and that phagocytosis is enhanced. Despite this effect on phagocytosis, there were no
statistically signi�cant differences between produced eosinophil numbers. This may indicate that dexamethasone delays
eosinophil maturation.

             Lidocaine inhibits cytokine-mediated eosinophil survival and hastened the apoptosis of eosinophils delayed by IL-
5 [15,35]. In the present study, lidocaine, unlike dexamethasone, suppressed eosinophil production from when the cells
were initially cultured. Morphologically, granules in eosinophilic cells treated with lidocaine seemed to be more intensely
stained than in control eosinophilic cells on Wright-Giemsa staining. Lidocaine also reduced EDN and EPX content in
cultured cells stimulated with IL-5. Therefore, it was suggested that lidocaine might inhibit eosinophil differentiation,
proliferation, or maturation. 

In�ltration of eosinophils into the airway from the bone marrow and blood is the hallmark of eosinophilic asthma [36].
Airway eosinophilia in asthmatic patients can also arise by in situ differentiation and is driven by the locally elaborated
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eosinophilopoietic cytokine IL-5 [37]. ILC2 cells can promote the persistence of airway eosinophilia in patients with severe
asthma through uncontrolled localized production of type 2 cytokines such as IL-5 [37]. Dexamethasone does not inhibit
in situ eosinophil differentiation and proliferation but may induce inhibition of eosinophil maturation and acceleration of
apoptosis as indicated by the result of this study. Local therapy of lidocaine may inhibit eosinophilopoiesis in the airway.
Therefore, lidocaine may represent a new class of therapeutic agents to treat patients with eosinophilic airway diseases
and may be useful even in steroid-resistant asthma. The combination of lidocaine and corticosteroid may show
synergistic effect by different mechanisms as the effects of these agents on eosinophil maturation appear to be
different. 

The limitation of the study is that an accurate measurement of eosinophil granule protein content in pure eosinophilic
cells was impossible in the present system, due to contamination of eosinophil-phagocytic macrophages. Therefore,
macrophages treated with high concentrations of dexamethasone or lidocaine phagocytosed more eosinophils, and the
EDN or EPX levels per normalized eosinophil number in this study were considered to be high, which is contrary to reality.
Although there were differences between the EDN levels and EPX levels per normalized eosinophil number treated with
dexamethasone, it was unclear whether dexamethasone speci�cally suppressed EPX production (Figure 5). Furthermore,
although the maturation of eosinophils was evaluated as EPX and EDN content in cultured cells alternatively in this
study, the maturation was not directly measured, and it was thought that more sensitive methods such as comparison of
the expression of eotaxin receptor CCR3 (CD193) [38] should have been used.

Conclusions
Our �ndings showed that dexamethasone had no signi�cant effect on the �nal number of eosinophil production after 4
weeks and suppressed the amount of granule proteins, while lidocaine suppressed both the number of eosinophils and
granule protein levels. In addition, high concentrations of dexamethasone or lidocaine seemed to morphologically induce
eosinophil phagocytosis by macrophages. Thus, dexamethasone may inhibit eosinophil maturation and induce
apoptosis. Lidocaine may inhibit eosinophil differentiation, proliferation, or maturation stimulated by IL-5. Furthermore,
not only corticosteroids, but also lidocaine are important medications in eosinophilic in�ammation by different
mechanisms. The different effects of corticosteroids and lidocaine on eosinophilopoiesis in this study are expected to
play a role in treating steroid-resistant eosinophilic in�ammatory diseases in future. Further study is needed to establish
this therapeutic role.

Abbreviations
UCMC: umbilical cord blood mononuclear cells; EDN: eosinophil-derived neurotoxin; EPX: eosinophil peroxidase; PBS:
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Figure 1

Harvest of eosinophilic cells cultured from UCMC over study period A. Control stimulated with or without IL-5 (* P < 0.05
vs. IL-5-) B. Effect of dexamethasone on eosinophilopoiesis (* P < 0.05 vs. control with IL-5) C. Effect of lidocaine on
eosinophilopoiesis (* P < 0.05 vs. control with IL-5)
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Figure 2

2 Microscopic �ndings of cultured cells stained by Wright-Giemsa, ×160 (left) and cyanide-resistant peroxidase, ×160
(right) A, B. Isolated UCMC on day 0 C, D. Cultured cells in control stimulated with IL-5 after 4 weeks E, F. Cultured cells
treated with 1×10-6 M dexamethasone after 4 weeks G, H. Cultured cells treated with 1×10-3 M lidocaine after 4 weeks
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Figure 3

EDN content in cultured cells over study period A. EDN levels in cell lysate of control stimulated with or without IL-5 (* P <
0.05 vs IL-5-) B. Effect of dexamethasone on EDN content (* P < 0.05 vs control with IL-5) C. Effect of lidocaine on EDN
content (* P < 0.05 vs control with IL-5)

Figure 4

EPX content in cultured cells A. EPX levels in cell lysate of control stimulated with or without IL-5 over study period (* P <
0.05 vs IL-5-) B. Effect of dexamethasone or lidocaine on EPX content in cultured cells after 4 weeks (* P < 0.05 vs control
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with IL-5)

Figure 5

Effect of dexamethasone or lidocaine on EDN and EPX levels per one million eosinophilic cells after 4 weeks A. EDN
levels (* P < 0.05 vs control with IL-5) B. EPX levels (* P < 0.05 vs control with IL-5)
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