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Abstract The aim of the study was to evaluate the sensi-

tivity and specificity of allergen-induced basophil CD164

upregulation in patients with seasonal allergic rhinitis

caused by allergy to grass pollens. This study was performed

in 24 patients with allergy to grass pollens, and in 25 healthy

controls. The protocol for allergen-induced basophil CD164

upregulation consisted of whole blood samples processing

and staining with anti-CCR3/anti-CD164 antibodies added

to a buffer at the beginning of stimulation. We observed

dose-dependent allergen-induced basophil CD164 upregu-

lation with 100% of specificity in both used allergen

concentrations (12 and 1.2 ng/ml). Higher allergen

concentration resulted in 100% and lower concentration in

only 70.83% sensitivity. We have observed in the patients

statistically significant correlations between anti-IgE

stimulation and both allergen concentrations (for 12 ng/ml,

r = 0.71, p \ 0.0001; and for 1.2 ng/ml, r = 0.64,

p \ 0.001). We conclude that assessment of allergen-

induced basophil CD164 upregulation is a very useful

method for in vitro determination of allergy to grass pollens.

This method seems to be a very promising tool in laboratory

testing of allergies to other allergens.
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Introduction

Making an allergy diagnosis sometimes requires labora-

tory support in order to avoid potentially dangerous

systemic reactions during traditional clinical testing.

Determination of allergen-specific IgE is the method most

widely used, but it is well known that sometimes the

results are false negative and need additional verification.

Discovery of basophil activation markers such as CD63

and CD203c led to the development of the first generation

of flow cytometric basophil activation tests (BATs)

(Bühring et al. 1999; Kahlert et al. 2003; Sainte-Laudy

et al. 1994; Sanz et al. 2002). These tests were success-

fully used as in vitro diagnostic tools in different clinical

situations including allergy to inhalants, food, Hymenop-

tera, latex and drug allergens (Ebo et al. 2005,2006,2007;

Erdmann et al. 2003; Gamboa et al. 2003; Moneret-

Vautrin et al. 1999; Ocmant et al. 2007; Sanz et al.

2001,2006; Scherer et al. 2008). Some unsuccessful

results, especially in drug allergy testing, recently

encouraged investigators to introduce some improve-

ments, but their diagnostic usefulness still requires

validation in comparative studies (Boumiza et al. 2005;

Monneret et al. 2002; Sainte-Laudy et al. 2007).

Newly discovered basophil activation markers such as

CD13, CD107a and CD164 open new possibilities in the

development of new BATs, but at present the diagnostic

usefulness of these markers remains unknown and requires
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precise determination (Hennersdorf et al. 2005; Kneidinger

et al. 2008).

The aim of the study was to evaluate the sensitivity and

specificity of allergen-induced basophil CD164 upregula-

tion in patients with seasonal allergic rhinitis caused by

allergy to grass pollens.

Materials and Methods

Patients and Controls

Twenty-four persons (13 males and 11 females) aged from

19 to 38 years (Me 23 years) with seasonal allergic rhinitis

with positive skin prick tests to 6-Grass allergen mix

(Allergopharma Joachim Ganzer KG, Reinbek, Germany)

entered the study. Twenty-five healthy persons (8 males

and 17 females) aged from 19 to 28 years (Me 19 years)

with no symptoms and negative skin prick test results

served as the controls. All the procedures used were in

accordance with the ethical standards of the Helsinki

Declaration and its amendment in Tokyo and Venice and

were accepted by the Ethics Committee of the local

Medical University. Informed consent was obtained from

all patients and controls.

Basophil CD164 Upregulation

Blood specimens were collected into K3 EDTA veni-

puncture tubes (Sarstedt AG & Co, Nümbrecht, Germany)

and immediately used for cell stimulation in BD FalconTM

Round Bottom Tubes. Each patient’s sample was tested in

separate tubes for background values, and two positive

stimulation controls: with Rabbit polyclonal anti-Human

IgE antibody at the final concentration of 10 lg/ml (Dako

Denmark A/S, Glostrup, Denmark), and with fMLP at the

final concentration of 1 lM (Sigma, St. Louis, USA) and

with the 6-Grass allergen mix (Bühlmann Laboratories AG,

Schönenbuch, Switzerland) at the two final concentrations

of 12 and 1.2 ng/ml. This allergen mix contains Orchard

Grass, Meadow Fescue, Rye Grass, Timothy Grass, Mea-

dow Grass, and Velvet Grass, and is identical to the grass

mix used in skin prick tests provided by Allergopharma

Joachim Ganzer KG.

Cell stimulation and Staining Protocol

In the first step 20 ll of allergen solution was mixed

with—150 ll of PBS enriched in calcium and magnesium

(final concentration 1 mM), 5 ll of anti-CCR3 antibody

(PE Mouse anti-Human CD193-BD Biosciences Pharmin-

gen, San Diego, USA—for basophil identification) and

20 ll of anti-CD164 antibody (FITC Mouse anti-Human

CD164, BD Biosciences Pharmingen, San Diego, USA—to

determine the degree of basophil activation). In the second

step 50 ll of patient’s whole blood was added to each tube,

gently mixed, covered and incubated for 20 min at 37�C in

a water bath. In other tubes instead of allergen solution,

20 ll of PBS (for determination of patient background) or

20 ll of positive controls was added (anti-IgE or fMLP).

The stimulation process was terminated by the addition of

2 ml of diluted, pre-warmed (20–25�C) FACS Lysing

Reagent 10X Concentrate (BD Biosciences Pharmingen,

San Diego, USA). After mixing, the tubes were incubated

at room temperature for 10 min and centrifuged (5 min,

5009g). Supernatants were decanted and cell pellets were

resuspended with 300 ll of PBS with 1% paraformalde-

hyde and gently vortexed. The total amount of 100 000

events was acquired per sample using a FACScan flow

cytometer (BD Biosciences). In the initial part of the study

we performed observations concerning the influence of

presence of staining antibodies on basophil activation

degree. For this purpose incubations were performed with

or without staining antibodies at the same time in separate

tubes. The incubations without staining antibodies were

terminated by the addition of EDTA Solution (BD Biosci-

ences Pharmingen, San Diego, USA). After centrifugation

(2009g, 10 min) the cells were resuspended in 100 ll PBS

and incubated for 20 min with the mentioned antibodies.

The lysis of red blood cells was performed with Lysing

Solution (BD Biosciences Pharmingen, San Diego, USA)

and after centrifugation they were resuspended with 300 ll

of PBS with 1% paraformaldehyde, gently vortexed and

acquired. In these experiments the time of stimulation was

modified (range 5–30 min).

Data Analysis

The data analysis was performed by CellQuest flow

cytometry analysis software (BD Biosciences). In the first

step the basophil population was gated as the CCR3high and

SSClow cells. In the second step, calculation of the per-

centage of CD164 positive cells (detected as brightly

fluorescent FITC) was performed by comparison of its

number to the total amount of cells gated in R1 (Fig. 1).

Results of the stimulation were presented in percentages

after subtraction of the background values. The cut-off

values for allergen stimulation positivity and specificity

were determined on the basis of two-graph receiver-oper-

ating characteristics analysis (Ebo et al. 2007; Greiner et al.

2000; Plebani et al. 1996). For both positive controls cut-off

values were determined by adding to the mean value the

double standard deviation value of CD164 positive baso-

phils observed in patients’ background tubes (Mean ? 2 9

SD). Persons with negative results in anti-IgE stimulation

were excluded from the presentation and statistical analysis.
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Statistics

The data distributions were checked for normality using the

Chi-square test. According to the results obtained the

nonparametric Wilcoxon test was used for further analysis.

All results were expressed as median (range). Correlations

were analyzed with Spearman’s rank test.

Results

Basophil Number

The number of basophils ranged from 181 to 790 cells

(Me 390) and the difference between the two tested groups

was not statistically significant (p = 0.501).

Patient Background

In all tested individuals background values were at very

low levels: Me 1.625%, Min 0.23%, Max 2.86%.

Time-dependent CD164 Upregulation and Possible

Influence of Staining Antibodies on Basophil

Activation

In order to observe the impact of time on basophil CD164

upregulation and the influence of staining antibodies during

the activation process we performed experiments in five

patients. These initial experiments showed a bell-shape

response with maximal intensity in the 20th minute.

Moreover, presence of staining antibodies during activation

did not influence the final results of CD164 upregulation

(p = 0.0678; Fig. 2).

Positive Controls

On the basis of patient background values the cut-off point

for both positive controls was calculated at the level of

2.94% (X ? 2 9 SD). In the healthy controls anti-IgE

stimulation resulted in moderate basophil CD164 upregu-

lation. The median percentage of CD164 positive basophils

is 27.89% (Min 3.78%, Max 67.66%). Positive results of

the stimulation were observed in 20 persons (80%). In 5
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controls (20%) anti-IgE stimulation was negative and

all their results were excluded from the presentation and

further statistical analysis. Stimulation with fMLP was

positive in all participating persons (Fig. 3). The median

percentage of CD164 positive cells was 14.44% (Min

3.07%, Max 35.98%).

In the patients, anti-IgE stimulation also resulted in

moderate basophil CD164 upregulation and was positive in

each individual patient (Me 32.95%, Min 3.62%, Max

82.17%). After fMLP stimulation the median percentage of

CD164 positive cells was 13.11% (Min 0%, Max 51.45%)

and was positive in 23 patients (95.83%), and negative in

1 patient (4.17%). The results after anti-IgE stimulation

were slightly higher in the patients than in the controls

(p = 0.327). After fMLP stimulation we observed slightly

stronger effects of stimulation in healthy persons than in

the patients, but again the difference was not statistically

significant (p = 0.077; Fig. 3).

Allergen-induced Basophil CD164 Upregulation

In the controls, basophil stimulation with higher allergen

concentration of 12 ng/ml resulted in the median of CD164

positive basophils at the level of 1.51% (Min 0%, Max

3.84%). The lower allergen concentration of 1.2 ng/ml

resulted in the same low level of CD164 positive basophils

(Me 0%, Min 0%, Max 2.3%). These results were not

statistically different (p = 0.059; Fig. 4). In the patients,

the median percentage of CD164 positive basophils after

stimulation with higher allergen concentration was 40.55%

(Min 9.84%, Max 86.59%). These results were signifi-

cantly higher than in the controls (p = 0.000089).

Stimulation with lower allergen concentration resulted

in decreased CD164 basophil upregulation. Median per-

centage was 9.94% (Min 0%, Max 74.67%). These results

were significantly higher than in controls (p = 0.00012;

Fig. 4). In every patient we observed allergen-induced

basophil CD164 upregulation in a dose-dependent fashion

and the difference between stimulation with both aller-

gen concentrations used was statistically significant

(p = 0.000018; Fig. 5).

The positivity and specificity of the cut-off values after

allergen stimulation were determined on the basis of two-

graph receiver-operating characteristics analysis. An

absolute sensitivity and specificity for allergen stimulation

with the higher concentration of 12 ng/ml were observed at

the level of 4% of CD164 positive basophils (Fig. 6). At
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the lower allergen concentration an absolute specificity was

observed at the cut-off value of 3%, but sensitivity was

only 70.83% (Fig. 6).

In the patients correlations between anti-IgE stimulation

and both allergen concentrations were statistically signifi-

cant (for 12 ng/ml, r = 0.71, p \ 0.0001; and for 1.2 ng/ml,

r = 0.64, p \ 0.001; Fig. 7). Contrary to these data we did

not observe statistically significant correlations between

fMLP and IgE stimulation (r = 0.26, p = 0.9) and in both

allergen concentrations (for 12 ng/ml, r = 0.3, p = 0.27;

and for 1.2 ng/ml, r = 0.14, p = 0.73).

Discussion

CD164 plays a role in hematopoiesis by facilitating the

adhesion of human CD34? cells to the stroma and by neg-

atively regulating CD34?CD38lo/- cell proliferation (Chan

et al. 2001), in the development and regeneration of skeletal

muscle (Bae et al. 2008) and in prostate cancer metastasis

(Havens et al. 2006). Its role in allergic diseases is currently

unknown. The discovery of CD164 as a new basophil acti-

vation marker and some observations of its IgE-dependent

upregulation were first reported by Hennersdorf et al.

(2005). The next study, published in 2008, presented data

concerning both anti-IgE and allergen-induced basophil

CD164 upregulation, but was performed only in allergic

patients without controls and mainly focused on pharma-

cological aspects of dasatinib (tyrosine kinases inhibitor)

(Kneidinger et al. 2008). Because allergen stimulation in

control persons was not presented in that study, diagnostic

usefulness of CD164 upregulation upon allergen stimulation

remained an open issue. This encouraged us to an attempt to

develop a new in vitro method using flow cytometric

determination of CD164 upregulation and to evaluate its

sensitivity and specificity by comparing results from aller-

gic and healthy persons. Time-dependent observation

performed in our study confirmed rapid and significant

IgE-dependent basophil CD164 upregulation, which

belongs to the ‘‘CD203c group’’ (Hennersdorf et al. 2005).

Our results showed a bell-shape response with maximal

intensity in the 20th minute. Moreover, we detected no

influence of staining antibodies during the stimulation stage

on the final results. In other words, neither antibody stimu-

lates nor inhibits basophil response. This important

observation enabled us to perform stimulation and staining

steps simultaneously, resulting in time saving and reason-

able simplification of the method.

Identification of basophils by anti-IgE or CD203c is in

many cases a powerful method, but incidentally may create

some problems. In the case of anti-IgE, it may lead to

contamination of other cells (dendritic cells and mono-

cytes) (Abuaf et al. 2008; Ocmant et al. 2007) and in the

case of CD203c to omission of up to 50% of basophils

(Boumiza et al. 2005). Optimization of basophil gating by

these methods requires the introduction of additional anti-

bodies, which results in additional costs and time

elongation during the interpretation procedure (Abuaf et al.
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2008; Boumiza et al. 2005; Ocmant et al. 2007). Taking

into account these data we used anti-CCR3 antibody, which

gave the opportunity for easy gating of the entire basophil

population with negligible contamination of other cells

(Ducrest et al. 2005).

Control stimulations with anti-IgE antibody and fMLP

gave satisfactory results, as observed in other similar studies

(Ebo et al. 2005; Ebo et al. 2006; Kahlert et al. 2008;

Monneret et al. 2002). All patients positively responded with

anti-IgE stimulation; in contrast 20% of controls were neg-

ative. This seems to be consistent with previous observations

that basophils from 10 to 20% of normal subjects do not

degranulate in response to IgE- or FceRI-dependent stimu-

lation (Yamaguchi et al. 1996) and was also partially

confirmed in the BAT technique (Sanz et al. 2001). These

subjects were classified as non-responders and therefore

were excluded from the presentation and statistical analysis.

Stimulation by fMLP in this study design is not necessary

but in the case of non-IgE-dependent basophil reactions it

might be helpful, especially when the anti-IgE control

response is negative.

Sensitivity and specificity of the results of allergen-

induced basophil CD164 upregulation were calculated on

the basis of two-graph receiver-operating characteristics

analysis. Allergen-induced basophil CD164 upregulation

was observed in a dose-dependent fashion and in higher

allergen concentration (12 ng/ml) the results were positive

in all tested patients with an absolute specificity at the cut-

off value of 4%. Lower allergen concentration of 1.2 ng/ml

resulted in decrease of sensitivity to 70.83% with 100%

specificity at the cut-off value of 3%. The higher allergen

concentration used in our study is the highest commercially

available one. This and very comparable concentrations of

the allergen were successfully tested in vitro by our group

for basophil leukotriene C4 production (Medrala et al.

1997) and CD63 upregulation assessment (Wolanczyk-

Medrala et al. 2009); therefore it was also used in this

study, with excellent efficiency. Calculated statistical

thresholds based on our results allow one to distinguish

between healthy persons and persons with disease caused

by allergy to grass pollens. However, in some healthy

persons with positive skin tests to this allergen mixture in

vitro results might be positive (just like skin tests and

allergen-specific IgE) and apparently suggest the presence

of disease. Therefore comparison between laboratory and

clinical data is still necessary to establish a precise final

diagnosis. Moreover, the possibility of cross-reactivity

between different allergens might be a cause of some

diagnostic mistakes; therefore establishing a ‘‘clinical

threshold’’ clearly indicating cut-off values should be the

next step of studies employing the BAT technique in the

future. Determination of this threshold would give more

information than a simple description of allergic status—

establishment of allergic disease caused by a specific

allergen.

The significant correlations between results of stimula-

tion by anti-IgE and both allergen concentrations observed

in our study confirm the old fact that the results of allergen

stimulation depend on the density of allergen-specific IgE

on the basophil surface.

A direct comparison of our method with other BATs is

impossible, as we did not perform a comparative parallel

study. However, our earlier experiment on a comparable

population with allergy to grass pollens gave almost the

same excellent results in terms of sensitivity and speci-

ficity of allergen-induced basophil CD63 upregulation

(Wolanczyk-Medrala et al. 2009). However, in the men-

tioned study the cut-off points calculated on the basis of the

same receiver-operating characteristic curve analysis were

higher (even 15%) but the median response was much

higher and exceeded even 92% of CD63 positive basophils.

The ratio between the median response and cut-off level

(R/C ratio) was about 6. Such high values, never previously

reported by other investigators in diagnosing allergy to

inhalant allergens, most probably depend on technical

differences in BAT protocols (Cozon et al. 1999;

González-Muñoz et al. 2008; Paris-Köhler et al. 2000;

Sanz et al. 2001). In the present study the median response

to higher allergen concentration was observed at the level

of 40% of CD164 positive basophils but the R/C ratio

reached the value of 10 and in one case with an extremely

high response exceeded the value of 21. Despite this dif-

ference all the mentioned studies showed the very high

diagnostic usefulness of allergen-induced CD63 or CD203c

upregulation in inhalant allergy. Our results suggest that

beside these two well established activation markers, a

new and powerful laboratory tool—CD164 upregulation

assessment— might be used with comparable efficiency.

To conclude, in this paper we presented a very sensitive

flow cytometric BAT for in vitro grass pollen allergy

diagnosis based on allergen-induced basophil CD164

upregulation. This method employs the accepted technique

of basophil identification, offers a simplification of technical

aspects as well as low cut-off levels, and allows one to

acquire data in a relatively short time. The results obtained

encourage further studies on CD164 upregulation in allergy

to other allergens. Experiments directly comparing the

efficiency of this method to other BATs are needed.
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