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A five-gene qPCR signature can classify type 2 asthma comparably to 
microscopy of induced sputum from severe asthma patients
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ABSTRACT
Asthma is a heterogenous disease characterized by airway inflammation and variable expiratory 
airflow limitation resulting in variable respiratory symptoms. Characterization of airway inflamma
tion is important to choose the optimal treatment for severe asthma patients eligible for biological 
treatment. However, counting cells in induced sputum samples are a time-consuming process, 
highly dependent on personal skills. Replacing eosinophil and neutrophil cell counting with qPCR 
for transcripts of selected mast cell, and basophil genes may provide more reproducible results.
Aims: The objective of this study was to compare qPCR with microscopy in asthma endotyping.
Methods: A qPCR method measuring five mast cell/basophil genes was applied on induced sputum 
samples from 30 severe asthma patients and compared with microscopy. Target gene Ct-values 
(CPA3, GATA2, HDC, MS4A2, TPSAB1/TPSB2) were referenced to household β-actin Ct values as 
a measure of relative mRNA abundance of the target in each sample. Target/β-actin-ratios in 
eosinophilic and non-eosinophilic groups determined by microscopy with an eosinophil threshold 
of 3% in 400 cells were compared using Mann–Whitney U Test. Spearman´s correlations were used to 
test for correlation between targets vs. FENO and targets vs. blood eosinophil counts.
Results: The study demonstrated a statistical difference in relative mRNA abundance for four 
mast cell/basophil specific genes. CPA3, GATA2, HDC and MS4A2 were elevated in eosinophilic 
asthma versus non-eosinophilic asthma patients. The study found that GATA2, CPA3, MS4A2 and 
TPSAB1/TPSB2 transcripts are positively correlated with FENO. Neither the five mast cell genes 
nor the five-gene signature correlated with blood eosinophils. The five-gene signature with 
a target/β-actin-ratio cut-off ≥2 generated sensitivity = 87%, specificity = 94%, NPV = 88% and 
PPV = 92% compared to microscopy.
Conclusion: This study confirms the contribution of mast cells in the pathogenesis of EA and 
suggests that mast cell mRNA markers could be one of the biomarkers used to identify EA
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Introduction

Asthma rates as the second most prevalent global chronic 
respiratory disease [1,2] and this high disease burden of 
asthma remains a social and economic challenge for 
national health-care services [3]. Asthma is a highly hetero
genous disease due to the vastly complex pathogenesis that 
differs significantly from patient to patient. The pathogen
esis is characterized by an ongoing imbalance between 
respiratory smooth muscle cells, airway epithelium, exter
nal triggers, e.g. allergens, and lastly the inflammatory 
environment, i.e., immune cells, antibodies, and cytokine 
milieu [4]. Asthma phenotype relates to clinical features of 
the disease, while asthma endotype relates to the inflam
matory environment of the airways. Asthma can be 

categorised into different patterns of inflammation, namely 
eosinophilic, neutrophilic, mixed, and paucigranulocytic, 
often dichotomised into Type 2 or eosinophilic asthma 
(EA) and Non-type 2 or non-eosinophilic asthma (NEA) 
[5]. The characterisation of the asthma endotype has 
become more relevant to determine as biologic agents 
have emerged in asthma treatment [6,7] targeting specific 
patterns of inflammation that are associated with a type 2 
phenotype. Assessing differentially expressed transcripts in 
induced sputum from controls and patients with asthma 
has identified transcripts expressed selectively in mast cell 
and basophil granulocytes. Characterisation of these tran
scripts in induced sputum has been shown to be of clinical 
relevance [8–12]. MC-related mRNA expression in IS of 
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the transcription factor GATA binding protein 2 (GATA2) 
tha controls much of mast cell differentiation [13], carbox
ypeptidase A3 (CPA3), tryptase α/β-1/tryptase β2 
(TPSAB1/TPSB2), membrane-spanning 4A2 (MS4A2, 
FceRIb), and histidine decarboxylase (HDC) have been 
linked to several clinical parameters such as elevated spu
tum eosinophils, elevated fraction of exhaled nitric oxide 
(FeNO), poor asthma control, EA vs. NEA classification, 
and response to inhaled corticosteroid (ICS) treatment 
[14–17]. The main objective of this study is to investigate 
the asthma endotype using a five-gene mast cell (MC) 
signature [8,11] in induced sputum by quantitative poly
merase chain reaction (qPCR) and compare with the con
ventional microscopic assessment of IS from 30 patients 
with severe asthma.

Methods

The IS samples were collected at the Asthma and Allergy 
centre at Aarhus University Hospital in Denmark from 
patients (n = 30) with severe difficult-to-treat asthma 
defined as Global Initiative for Asthma (GINA) step 4 
and 5 [2]. GINA step 4 and 5 treatments are characterised 
by medium or high dose ICS and a secondary controller 
[2]. Patient’s ICS doses were converted to beclometha
sone (standard particle) equivalents [18,19]. Patients were 
eligible if they were not in current oral corticosteroid 
treatment nor having a respiratory infection within 3 
weeks prior to sputum collection. Samples were collected 
according to international guidelines [20]. Samples with 
total squamous cell count of 50% or more were excluded. 
Approximately half of each sample were stabilised with 
RNA-protect and they were stored at −80°C. The other 
half was used for routine May Grünwald Giemsa staining. 
An IS sample was considered eosinophilic if the eosino
phil count was ≥3%. FeNO and blood eosinophil concen
trations were collected as close as possible (<3 months 
before) to the time of IS sampling.

Samples containing RNA-protect were purified and 
transcribed to cDNA before qPCR analysis using the 
iScript cDNA synthesis kit according to the suppliers’ 
instructions (BioRad). In the qPCR analysis cDNA was 
mixed with forward and reverse primers as well as 
a fluorescently labeled probe (ThermoFischer Scientific). 
Annealing temperature for all specific targets (CPA3, 
GATA-2, HDC, TPSAB1/TPSB2, MS4A1) and the house 
keeping gene β-actin was 60°C. The qPCR reaction was 
conducted with the TaqMan UniversalMastermix II, no 
UNG kit (Roche). Reactions were performed using 
a Lightcycler 480 II PCR instrument (Roche). To normal
ize for different reaction efficiencies, a standard curve was 
produced for each target cDNA by serial dilutions of 
samples with high expression of the particular mRNA 

target. The samples with the highest concentration for 
each target (lowest Ct-value) were selected to generate 
the standard curve for each target.

Statistical analyses were performed in R studio soft
ware V4.0.3. The target/β-actin ratio was calculated for 
each sample by comparing target Ct with standard 
curve normalised to β-actin. Thus, these target/β-actin 
ratios are a measure of the MC target mRNA expres
sion in relative amounts. The statistical test used was 
the Mann Whitney U Test. Spearman´s correlations 
were used to test for correlation between targets vs. 
FeNO and targets vs. blood eosinophil counts. As some 
samples contained quite large relative mRNA amounts, 
and some samples had no MC/basophil mRNA 
detected at all, a data conversion was used for 
a better graphical representation. Target/b-actin ratios 
were converted as follows: Log(value +1). This legiti
mate conversion ensured more readable graphs. Only 
the original non-converted values were used for statis
tical analyses. Graphical representations were per
formed in R studio and GraphPad prism.

Results

Table 1 showing study population demographics. 
Fourteen patients were classified as EA patients and 
16 patients were classified as NEA patients with con
ventional microscopy. For CPA3 (p=0.004), GATA2 
(p=0.001), HDC (p=0.005) and MS4A2 (p=0.007) we 
found a statistical difference in the median relative of 
mRNA expression between EA vs. NEA. No statistical 
difference between the median ratio was found for 
TPSAB1/TPSB2 (p=0.13) (Figure 1).

In Figure 2, a heat map from Spearman correlations 
shows correlation between sputum, FeNO and blood 
eosinophils. In our population of 22 patients (11 EA 
patients and 11 NEA patients), a statistical significant 
positive correlation was found between sputum eosi
nophils and FeNO. Blood eosinophils did not correlate 
significantly with neither sputum eosinophils (r = 0.25. 
95% CI (−0.21–0.61, p = 0.27)) nor FeNO (r = 0.37. 
95% CI (−0.07–0.69, p = 0.09)).

Figures 3 and 4 are scatterplot that visualise relative 
target mRNA agreement against FeNO and blood eosi
nophils, respectively. Spearman’s test with r-values for 
correlation between the XY-variables shows moderate, 
yet statistically significant positive correlations (p <  
0.05) of GATA2, CPA3, MS4A2 and TPSAB1/TPSB2 
with FENO. The blood eosinophil count did not cor
relate with these targets (Figure 4)

Next, cut-off ratios for each target were calculated 
as the ratio of the target to β-actin. The individual 
diagnostic performance for each target was evaluated 
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with receiver operating characteristic (ROC) curves 
and compared with area under the curve (AUC). 
From the ROC curves, the best cut-off value for each 
target could be determined, thereby increasing the 
diagnostic performance for each target. ROC-curves 
are shown in Figure 5. From ROC-curves, the cut-off 
value for each of the target yielding the greatest 

diagnostic ability could be determined. Cut-off values 
were different from target to target which are shown 
in Table 2.

Moving forward with the best performing ratio (target/ 
β-actin ratio) for each target, additional ROC curves were 
made which combines four and five of the targets, 
respectively.

Table 1. Demographics from the EA and NEA patients. Values shown as mean ± 
Standard deviation. Sex and smoking are shown as proportions. BMI: Body mass 
index. EA: Eosinophilic asthma. NEA: Non-eosinophilic asthma. FEV1: Forced 
expiratory volume in 1 sec. FVC: Functional vital capacity. ICS: inhaled corticos
teroid. Ppb: parts per billion. FENO: Fraction of Exhaled Nitric Oxide. *P<0.05. 
§ICS dose in beclomethasone (standard particle) equivalent. ΔData only available 
for 10 EA patients and 13 NEA patients. ◊Data only available for 11 EA patients 
and 11 NEA patients.

EA NEA p-value

Number (N=30) 14 16
Age (years) 62.7 ± 13.8 54.4 ± 14.6 0.10
Sex (male:female) 9:5 6:16 0.16
FEV1 predicted (%) 76.8 ± 28.9 79.3 ± 20.0 0.78
FEV1 volume (L) 2.30 ± 1.14 2.38 ± 0.78 0.83
FVC predicted (%) 98.4 ± 27.0 98.7 ± 14.0 0.97
FVC volume (L) 3.60 ± 1.35 3.56 ± 0.90 0.93
BMI (kg/m2) 26.2 ± 5.0 30.0 ± 8.8 0.13
Smoking (ex:never) 6:8 8:8 0.70
ICS dose (µg)§ 1140 ± 677 1196 ± 727 0.60
Sputum eosinophils (%) 36.8 ± 30.2 0.6 ± 0.8 <0.001*
Sputum neutrophils (%) 41.3 ± 27.8 53.9 ± 32.6 0.25
Blood eosinophils (109/L)Δ 0.71 ± 0.92 0.29 ± 0.27 0.16
FeNO (ppb)◊ 57.5 ± 43.0 16.3 ± 9.2 0.002*

EA NEA EA NEA EA NEA EA NEA EA NEA
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Figure 1. Plots showing the median target/β-actin-ratio visualised on a logarithmic conversion on the Y-axis in each group on the 
X-axis. Mann-Whitney U test performed for each target under the null hypothesis that the observations in each group come from 
the same population. CPA3: carboxypeptidase A3. EA: eosinophilic asthma. GATA2: GATA binding protein 2. HDC: histidine 
decarboxylase. MS4A2: membranes spanning 4A2. NEA: Non-eosinophilic asthma. TPSAB1/TPSB2: tryptase α/β-1/Tryptase β2.
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Figure 6 shows that the diagnostic performance is 
slightly increased by including TPSAB1/TPSB2. A final 2 
× 2 contingency table was created, where patients were 
classified with qPCR using a cut-off of ≥2 out of five targets 
positive, meaning that the target exceeded the individual 
target cut-off value listed in Table 2. From this, 2 × 2 
contingency table sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) were 
calculated. As seen in Table 3, only one NEA patient was 

incorrectly classified as an EA patient and only two EA 
patients were incorrectly classified as NEA patients. Using 
this five-gene MC/basophil signature with the mentioned 
cut-off, this qPCR method could classify 87% of EA 

Figure 2. Spearman correlation heat map with correlation 
coefficients. FENO: fraction of Exhaled Nitric Oxide.

Figure 3. Scatterplot. X-axis: FeNO values in parts 
per billion(ppb), segmented axis. Y-axis: relative target mRNA 
on a logarithmic conversion. Spearman’s rank correlation coef
ficient (r) with 95% confidence intervals and p values. Only data 
from 22 patients. *p < 0.05. CPA3: carboxypeptidase A3. 
GATA2: GATA binding protein 2. HDC: histidine decarboxylase. 
MS4A2: membrane spanning 4A2. TPSAB1/TPSB2: tryptase α/β- 
1/Tryptase β2. FENO: fraction of Exhaled Nitric Oxide. mRNA: 
messenger ribonucleic acid.

Figure 4. Scatterplot. X-axis: blood eosinophil values in 109/L, 
segmented axis. Y-axis: relative target mRNA on a logarithmic 
conversion. Spearman’s rank correlation coefficient (r) with 95% 
confidence intervals and p values. Only data from 23 patients. 
*p < 0.05. CPA3: carboxypeptidase A3. GATA2: GATA binding 
protein 2. HDC: histidine decarboxylase. MS4A2: membrane 
spanning 4A2. TPSAB1/TPSB2: tryptase α/β-1/Tryptase β2. 
mRNA: messenger ribonucleic acid.

Figure 5. ROC curves for each target along with AUC displaying 
diagnostic ability. Y-axis: sensitivity X-axis: 1 – specificity. CPA3: 
carboxypeptidase A3. GATA2: GATA binding protein 2. HDC: 
histidine decarboxylase. MS4A2: membranes spanning 4A2. 
TPSAB1/TPSB2: tryptase α/β-1/Tryptase β2. mRNA: messenger 
ribonucleic acid.
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patients and 94% of NEA patients correctly. More impor
tant in clinical practice are the PPV and NPV values. 
Ninety-two per cent patients with a positive test had EA, 
and 88% of patients with a negative test had NEA.

Next correlation between the five targets and sputum 
eosinophils, FeNO and blood eosinophils were carried out. 

The target ratio from the genes cannot be compared to one 
another due to the difference sample strength. Therefore, 
we used the cut-off ratios listed in Table 2 and assigned 
each patient with a number. The number corresponds to 
the number of targets exceeding the individual cut-off 
value for that target. For sputum eosinophils both four 
(excluding TPSAB1/TPSB2) and all five targets were inves
tigated. We found a positive correlation between the num
ber of targets positive and the sputum eosinophil 
percentage. Using both four and five targets a statistically 
significant positive correlation was found: four targets r =  
0,73 and five targets r = 0,72. Only data from using four 
targets (GATA2, CPA3, HDC and MS4A2) are shown in 
Figure 7. In the FENO analysis, a positive correlation was 
found for both four targets (excluding HDC) and five 
targets (four targets r = 0,70 and five targets r = 0,66). 
Data from the four targets (GATA2, CPA3, MS4A2 
TPSAB1/TPSB2) and correlation analysis with FeNO are 
shown in Figure 8. No correlation between the five-gene 
signature and blood eosinophils were found (Figure 9).

Discussion

This study found statistically significant differences in rela
tive mRNA of four target genes: CPA3, GATA2, MS4A2 
and HDC in type 2 EA patients vs. NEA patients. TPSAB1/ 
TPSB2 did not reach a statistical difference between EA and 
NEA. Setting an individual cut-off ratio value markedly 

Table 2. Best cut-off value represented for each target. CPA3: 
Carboxypeptidase A3. GATA2: GATA binding protein 2. HDC: 
Histidine decarboxylase. MS4A2: Membranes spanning 4A2. 
TPSAB1/TPSB2: Tryptase α/β-1/Tryptase β2. mRNA: messenger 
ribonucleic acid.

Target Best Cut-off value

CPA3 6.6
GATA2 2
MS4A2 1
HDC 8.5
TPSAB1/TPSB2 2.15

Figure 6. Green curve: ROC curve using CPA3, GATA2, MS4A2 
and HDC. Red curve: ROC curve using CPA3, GATA2, MS4A2, 
HDC and TPSAB1/TPSB2. Y-axis: sensitivity. X-axis: 1 – 
specificity.

Table 3. qPCR’s ability to classify patients with EA and NEA by 
using ≥2 out of 5 targets Sensitivity, specificity, PPV and NPV 
were calculated. EA: Eosinophilic asthma. NEA: Non-eosinophilic 
asthma. NPV: Negative predictive value. qPCR: Quantitative 
polymerase chain reaction.

≥2 targets Microscopy

qPCR EA NEA Total
EA 12 1 13
NEA 2 15 17
Total 14 16 30

Sensitivity 87%
Specificity 94%
PPV 92%
NPV 88%

Figure 7. Scatter plot. X-axis: sputum eosinophils in percen
tage. Y-axis: targets above cut-off. Targets included: GATA2, 
HDC, MS4A2 and CPA3.
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increased the target’s ability to classify EA and NEA 
patients correctly. The genes have been verified in other 
studies as MC/basophils genes that correlate with eosino
philic airway inflammation [8–12]. This study demon
strates how an MC/basophil gene panel could be 
designed with cut-off values to distinguish EA from NEA. 
Furthermore, the study finds a positive correlation between 
FeNO and GATA2, CPA3, MS4A2 and TPSAB1/TPSB2, 
but no correlation with HDC. No correlations were found 
between the MC/basophil genes and blood eosinophil con
centrations. Similar correlations have been found in other 
qPCR studies, whereas our study was not able to reproduce 

some correlations found in other studies [8], e.g., blood 
eosinophils correlation with GATA2, CPA3, HDC and 
TPSAB1/TPSB2. The present data suggest that MCs are 
contributors to the pathogenesis of eosinophilic inflamma
tion of asthma.

GATA 2 is a zinc finger transcription factor 
expressed in early progenitors and directing differen
tiation of megakaryocytes and mast cells [21]. Tryptase 
A and B and Carboxypeptidase 3 are proteases succes
sively transcribed as mast cells mature in vitro [22]. 
They are uniquely associated with mast cells and baso
phil granulocytes. CPA3 is more closely associated with 
severe asthma. Their role in asthma is not known. 
Histidine decarboxylase is the enzyme that converts 
histidine into the second messenger histamine and is 
the only source of histamine in eucaryotes [23]. MS4A2 
is a component of the high-affinity IgE receptor that is 
highly expressed on mast cells and basophil granulo
cytes [24] and is required for degranulation through 
FceRI. CPA3, TPSAB1, TPSAB2, MS4A2 and HDC 
expression are regulated by GATA2 [13].

The limitations of this study are the small sample size 
(N = 30) and the lack of a healthy control group. The 
chosen biomarkers were all MC/basophil bispecific [8]; 
whereas other studies have included biomarkers of neutro
philic inflammation and eosinophilic inflammation as 
well [9,25].

In our study, the microscopic squamous cell count 
of IS samples determined sample quality. Only sam
ples meeting the internationally recognised quality 
standards were used in the study. If a qPCR method 
was to replace microscopy entirely, such quality mea
sures must be in place to ensure sample reliability. 
Thus, if a verified qPCR gene panel is developed, 
containing transcripts from several immune cells of 
the airways, i.e. eosinophils, MCs, neutrophils, etc.; 
a quality control panel must be developed as well to 
ensure samples originating from lower airways and to 
detect samples contaminated with cell containing 
secretions from the upper airways. Supposedly 
a verified squamous cell gene panel could be devel
oped to solve this issue. It is, however, possible that 
given a strong and validated qPCR gene panel, that is 
highly sensitive in determining airway inflammatory 
phenotype regardless of sample contamination. In this 
case, it would revolutionise asthma endotyping. To 
validate our MC and future potential promising 
mRNA transcripts of bronchial biopsies should be 
used as a reference.

Great potential could be found in mRNA expres
sion analysis as opposed to microscopy since indivi
dual biomarkers are linked to certain clinical 
characteristics (asthma phenotypes) and are 

Figure 8. Scatter plot. X-axis: fraction of Exhaled Nitric Oxide in 
parts per billion, segmented axis. Y-axis: targets above cut-off. 
Targets included: GATA2, CPA3, MS4A2 and TPSAB1/TPSB2.

Figure 9. Figure 8: scatter plot. X-axis: blood eosinophils in 109/ 
L, segmented axis. Y-axis: targets above cut-off. Targets 
included: GATA2, CPA3, HDC MS4A2 and TPSAB1/TPSB2.
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predictors of severe asthma disease [8,10,11,15]. 
Other studies have found similar associations using 
other gene panels from MCs and neutrophils [26]. IS 
sampling, handling and analyses remain time- 
consuming procedures for patients and hospital per
sonnel. Therefore, the outcome must be of great value 
for both patients and physicians. When focussing on 
mRNA transcript analysis, the IS sample handling 
and analysis become less work intensive. Research 
involving mRNA transcripts suggests that MC/baso
phil transcripts can be one among many other mar
kers such as markers of eosinophils and neutrophils 
that could decrease the diagnostic gap between 
asthma phenotype and endotype. Sputum qPCR ana
lysis could serve as next IS sample analysis method 
since additional information about clinical features, 
treatment response and exacerbation risks can be 
obtained. It is feasible that this approach will trans
form asthma endotyping from being dichotomous to 
multifaceted, where asthma endotypes are more 
directly linked to the asthma phenotypes and poten
tial specific targeted asthma treatment options of 
individual patients. Future research should address 
this and create the optimal gene panel for qPCR 
from which a correct diagnosis and valuable clinical 
information can be obtained.
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