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is caused by fat tissue, which  acts as an endo-
crine organ producing proinflammatory adipo-
kines. A recent ex-vivo study on human alveo-
lar macrophages proved the distinguishing role 
of leptin in obesity-related asthma. Leptin levels 
in bronchoalveolar lavage fluid were the highest 
in overweight and obese subjects with asthma 
compared with normal-weight asthmatics and 
with overweight and obese patients without asth-
ma. Cultured primary alveolar macrophages ob-
tained from overweight and obese subject with 
asthma were the most sensitive to Escherichia 

IntroductIon Obesity has become a serious 
medical issue in most societies in the 21st cen-
tury. The effect of increased body mass on asth-
matic patients has become a rationale for the con-
cept of the asthma phenotype related to obesity, 
which was listed among the 5 major phenotypes 
of the disease in the 2014 edition of the Global 
Initiative for Asthma (GINA).1 Obesity affects the 
respiratory system in several ways, ranging from 
the impairment of chest mechanics to the devel-
opment of inflammatory processes in bronchial 
tissue. Systemic inflammation related to obesity 
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AbstrAct

IntroductIon Concomitant obesity significantly impairs asthma control. Obese asthmatics show more 
severe symptoms and an increased use of medications.
objectIves The primary aim of the study was to identify genes that are differentially expressed in the 
peripheral blood of asthmatic patients with obesity, asthmatic patients with normal body mass, and 
obese patients without asthma. Secondly, we investigated whether the analysis of gene expression in 
peripheral blood may be helpful in the differential diagnosis of obese patients who present with symp-
toms similar to asthma.
PAtIents And methods The study group included 15 patients with asthma (9 obese and 6 normal-weight 
patients), while the control group—13 obese patients in whom asthma was excluded. The analysis of 
whole-genome expression was performed on RNA samples isolated from peripheral blood.
results The comparison of gene expression profiles between asthmatic patients with obesity and those 
with normal body mass revealed a significant difference in 6 genes. The comparison of the expression 
between controls and normal-weight patients with asthma showed a significant difference in 23 genes. 
The analysis of genes with a different expression revealed a group of transcripts that may be related 
to an increased body mass (PI3, LOC100008589, RPS6KA3, LOC441763, IFIT1, and LOC100133565). 
Based on gene expression results, a prediction model was constructed, which allowed to correctly 
classify 92% of obese controls and 89% of obese asthmatic patients, resulting in the overall accuracy 
of the model of 90.9%.
conclusIons The results of our study showed significant differences in gene expression between 
obese asthmatic patients compared with asthmatic patients with normal body mass as well as in obese 
patients without asthma compared with asthmatic patients with normal body mass.
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Th2 phenotype, which explains (or possibly ex-
plains) the  relationship between obesity and at-
opy among women. In a study by Vieira et al,7 the 
occurrence of specific immunoglobulin E (IgE) in 
obese women was seen almost 3 times more often 
than in nonobese women. The plasma concentra-
tions of 17β-estradiol, the ratio of 17β-estradiol 
to sex hormone-binding globulin, the fasting in-
sulin resistance index, and C-peptide and leptin 
concentrations were higher in the obese group 
than in the nonobese group, after adjustment for 
the use of oral contraceptives. The authors sug-
gested that the relationship between atopy and 
obesity may be due to an increased production of 
17β-estradiol by adipose tissue.7

These findings may lead to novel methods of 
treatment, such as the anti-inflammatory thera-
py using metformin and statins as an alternative 
step for future treatment of obese adult asthmat-
ics who do not respond to standard therapy.5 On 
the other hand, patients with obesity may pres-
ent with symptoms that can mimic asthma, such 
as impaired exercise tolerance, dyspnea, and sleep 
apnea. Thus, a differential diagnosis in such cas-
es is crucial to the initiation of proper treatment.

The aim of this study was to identify genes 
that are differentially expressed in the peripheral 
blood of obese and normal-weight asthmatic pa-
tients. Additionally, we aimed to evaluate wheth-
er the analysis of gene expression in peripheral 
blood may be helpful in the differential diagno-
sis of obese patients who present with symptoms 
similar to asthma.

PAtIents And methods Patients The study 
group included 15 patients with asthma (9 obese 
and 6 normal-weight patients), treated at the De-
partment of Allergology and Pneumology, Uni-
versity Hospital in Gdańsk, Poland. The control 
group included 13 obese patients in whom asthma 
was excluded, treated at the Department of Clini-
cal Nutrition, University Hospital in Gdańsk, Po-
land (tAble 1). The inclusion criteria for the asthma 
group were partly or well-controlled asthma and 
step 4 treatment according to the GINA guide-
lines, including inhaled steroids and long-acting 
β-agonists in all cases.1 All studied patients had 
a history of bronchial obstruction with positive 
reversibility test results. Additionally, all asthma 
cases were atopic with inhalant allergy confirmed 
with a skin prick test with pollens or house dust 
mites (or both). The exclusion criteria were as fol-
lows: lack of consent, pregnancy, severe chronic 
or malignant disease, diabetes, hypertension, and 
coronary artery disease.

In addition to regular procedures performed in 
asthmatic patients on an outpatient basis, blood 
samples was obtained from each individual. In 
control subjects, blood samples were obtained 
before starting the dietary and exercise treat-
ment of obesity.

collection of blood samples RNA samples were 
collected using the PAXgene Blood RNA Tubes 

coli lipopolysaccharides and generated the high-
est levels of proinflammatory cytokines, such as 
interleukin (IL) 5, IL-10, interferon γ, and tumor 
necrosis factor α (TNF-α), compared with other 
groups, while the preexposure to leptin enhanced 
the proinflammatory response. This leptin-sen-
sitive proinflammatory macrophage phenotype 
in the context of higher leptin concentrations 
in obesity may play a role in the pathogenesis of 
obesity-related asthma.2 Obesity has a signifi-
cant adverse effect on asthma control, as reflect-
ed by more severe symptoms and increased use of 
medications. There are also data suggesting that 
the high serum level of leptin is associated with 
greater severity of clinical asthma. 

Tsaroucha et al3 analyzed the concentrations 
of 3 adipose tissue-derived hormones—leptin, 
adiponectin, and ghrelin—in relation to severi-
ty of asthma in women. In their study, both the 
leptin level and leptin-to-adiponectin ratio dis-
criminated between severe and mild or moderate 
asthma in women. Furthermore, these markers 
were significantly higher during asthma exacer-
bation, while serum adiponectin and ghrelin con-
centrations were significantly lower. These find-
ings suggest that fat tissue-derived hormones may 
be involved in the pathogenesis of severe asthma 
in women.3 Secondly, obesity is linked to chron-
ic, low-grade systemic inflammation because ad-
ipose tissue releases proinflammatory cytokines 
including TNF-α, IL-6, plasminogen activator in-
hibitor 1, eotaxin, and vascular endothelial growth 
factor (VEGF), which activate the inflammatory 
state at sites distant to fat tissue. This system-
ic inflammation may also exacerbate asthma.4,5

Obesity is also associated with an increased in-
cidence of comorbidities such as cardiovascular 
diseases, type 2 diabetes, and neoplasms related 
to estrogens. Patients with a coexistence of obesi-
ty and asthma differ from other subjects in their 
response to pharmacotherapy (impaired effect of 
inhaled steroids) and show different immunolog-
ical patterns, which results in an increased exac-
erbation rate. Recently, an animal study showed 
that hyperinsulinemia accompanying obesity 
enhances vagally induced bronchospasm, ow-
ing to the inhibition of neuronal M2 muscarin-
ic receptors and increased acetylcholine release 
from airway parasympathetic nerves.6 Addition-
ally, obese patients show increased 17β-estradiol 
concentrations. 17β-estradiol may enhance IL-3 
and IL-4 levels in monocytes and promote a 

tAble 1 Demographic data of the study groups

Parameter Study groups

asthma and normal 
body mass, n = 6

asthma and 
obesity, n = 9

obesity without 
asthma, n = 13

sex, female/male, n 4/2 4/5 11/2

age, y 50 (38–66) 46 (34–64) 47 (24–65)

body mass index, 
kg/m2

23 (19–25) 33 (30–39) 39.7 (31–57)

Data are presented as number or median (interquartile range).
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for which expression was significantly different 
between the compared groups were chosen based 
on a log2-fold change exceeding 2 in gene expres-
sion, a t test P value of less than 0.05, and correct-
ed for multiple testing using the Benjamin–Ho-
chberg method (P <0.05). The naive Bayes predic-
tion model was used to build a prediction model 
differentiating between obese patients with and 
without asthma.

The functional annotation of genes was de-
scribed using the Genecodis functional annotation 
web-based tool8 and the PANTHER database.9,10

Clinical data for this study were analyzed with 
GeneSpring (Agilent Technologies).

All patients gave their written informed con-
sent to participate in the study. The study was ap-
proved by the Medical Ethics Committee of the 
Medical University of Gdansk, Gdańsk, Poland.

results The whole-genome expression analy-
sis was performed in RNA samples isolated from 
all blood cells in whole blood. From the 47 323 
probes present in the array, 32 379 transcripts 
had sufficient data for further analysis.

Asthma and obesity The comparison of the gene-
-expression profiles in patients with asthma and 
obesity versus patients with asthma and nor-
mal body mass revealed a log2-fold change differ-
ence exceeding 2 in gene expression in 19 tran-
scripts. A significant difference corrected for mul-
tiple testing was found in 6 of the analyzed tran-
scripts (FIGure 1).

The gene-expression analysis comparing 
obese patients without asthma and asthmatic 
patients with normal body mass revealed a log2- 
-fold change difference exceeding 2 in gene 

(Qiagen, Venlo, Netherlands). All tubes were im-
mediately frozen and stored at –20°C until RNA 
isolation (a maximum period of 2 months). RNA 
was isolated using the PAXgene Blood RNA Kit CE 
(Qiagen). All RNA samples were stored at –80°C 
until labeling and hybridization.

The quality and concentration of RNA was 
determined using the Agilent 2100 Bioanalyz-
er and the Agilent RNA 6000 Nano Kit (Agile-
nt, Amstelveen, Netherlands). Samples with an 
RNA integrity number of more than 7.5 were 
used for further analysis on expression arrays.

Gene expression analysis For amplification and 
labeling of RNA with the Illumina TotalPrep 96 
RNA Amplification Kit (Applied Biosystems, Nieu-
werkerk aan den IJssel, Netherlands), 200 ng of 
RNA from each sample was used. The Human HT- 
-12_V3 expression arrays (Illumina, San Diego, 
California, United States) were processed accord-
ing to the manufacturer’s protocol. Slides were 
scanned immediately using the Illumina Bead-
Station iScan (Illumina).

Image and data analysis The first-line check, back-
ground correction, and Quantile normalization 
of the data were done with the Genomestudio 
Gene Expression Analysis module v 1.0.6 Sta-
tistics (Illumina, San Diego, United States). En-
tities for which at least 75% of the samples had 
a signal intensity value above the 20th percen-
tile in 100% of the samples of at least 2 groups 
were included in further analysis.

Data analysis was performed using the Gene-
Spring package version 8.0.0 (Agilent Technolo-
gies, Santa Clara, California, United States) ac-
cording to the manufacturer’s instructions. Genes 

LOC100008589

asthma (normal body mass) asthma (obese)

LOC100133565

P13

IFIT1

RPS6KA3

OLFM4

LOC441763

obese vs asthma normal body mass 

FIGure 1 Hierarchical 
clustering dendrogram of 
genes that were 
differentially expressed 
(log2-fold change >2, 
P <0.05 corrected for 
multiple testing by the 
Benjamini–Hochberg 
method P <0.05) 
between asthmatic 
patients with obesity and 
those with normal body 
mass. Each column 
represents a patient 
sample, and each row, 
an individual gene. For 
each gene, green color 
represents 
underexpression; red 
color, overexpression; 
and black signal, missing 
data.
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ITPRIP, LOC197135, PHLPP1, C6ORF170, RICS, 
FKTN, PPM1F, SNAPC4, RAD51,LOC646808, 
LOC643313, LILRB3, ANKRD13A, RECQL, 
HS.193767, LOC728732, MIR21, RHOQ, ZNF93, 
C9ORF103, RC3H2, ZNF626, and SAMD3) correct-
ed for multiple testing (P <0.05). The last group 
of transcripts was used to construct a predic-
tion model. Of this patient group, according to 
the proposed model, 92% of obese controls and 
89% of obese asthmatic patients were classified 
correctly, resulting in the overall accuracy of the 
model of 90.9%.

Functional annotation of differentially expressed 
genes Functional annotation was assigned by 
the Genecodis tool8 and PANTHER database,9,10 
based on the genes with the log2-fold change dif-
ference exceeding 2 in gene expression. The main 
pathways of the differentially expressed genes 
were platelet-derived growth factor (PDGF), in-
tegrin, transcription, and inflammation (tAble 3).  

dIscussIon Our study showed differences in 
gene expression in peripheral blood related to 
obesity both in obese asthmatic patients and in 
obese patients without asthma. Secondly, the 
prediction model based on the results of gene 
expression allowed to differentiate obese pa-
tients with asthma from obese controls with 
high accuracy.

Asthma and obesity are one of the most se-
rious health problems in modern society. The 
overlap between these conditions causes clin-
ical difficulties in differential diagnosis. A bet-
ter understanding of the pathology of asthma, 
especially its phenotype related to obesity, may 
lead to the development of effective and tailored 
treatment strategies. As the gene expression 
analysis has become a daily routine method in 

expression in 23 transcripts. A significant dif-
ference corrected for multiple testing was pres-
ent in all 23 entities (FIGure 2).

PI3, LOC100008589, RPS6KA3, LOC441763, 
IFIT1, and LOC100133565 transcripts were de-
fined as possibly related to the increased body 
mass (tAble 2).

Asthma and control groups The following analysis 
focused on the identification of genes that were 
differentially expressed in subjects with asth-
ma (both obese and with normal body mass) in 
comparison with controls. The results revealed 
that a significant difference corrected for multi-
ple testing was present in 95 entities. A log2-fold 
change difference exceeding 2 in gene expression 
was found in 5 transcripts including HS.99472, 
ARID4B, LOC643313, C14ORF4, and HS.193767.

Prediction model differentiating obese patients with 
and without asthma In order to identify genes 
that could be used to differentiate obese controls 
and obese asthmatics, we analyzed genes show-
ing a significant difference in expression cor-
rected for multiple testing (P <0.05) in 2 groups: 
1) the set differentially expressed in obese con-
trols and normal-weight asthmatics (1486 tran-
scripts) and 2) genes differentially expressed in 
the whole asthma group in comparison with 
obese controls (95 transcripts). The difference 
in the transcription of 1425 entities was found 
only in the comparison of obese controls and 
normal-weight asthmatics; 61 genes presented 
a common pattern of expression in both anal-
yses; another 34 genes were differentially ex-
pressed only in the comparison of the entire 
asthma group versus controls (LOC100132528, 
SAMD3, MEI1, C5ORF41, TERF2IP, BOLA2B, 
HS.563552, UFC1, PATL2, C3ORF75, GLO1, 

asthma (normal 
body mass)

no asthma (obese)

LOC100134364
LOC100133565
LOC100008589
LOC441763
LOC100132394
LOC100008589

P13
FOLR3

IFIT1

RPS6KA3
ING3
LOC441155
HS99472
HINT3
RNU1F1
ZNFX1
DGKA
RN7SK
RNU1A3
CTSZ
LOC1000008588
ARHGAP30
LOC642113

FIGure 2 Hierarchical 
clustering dendrogram of 
genes that were 
differentially expressed 
(log2-fold change >2, 
P <0.05 corrected for 
multiple testing by the 
Benjamini–Hochberg 
method P <0.05) 
between asthmatic 
patients with normal 
body mass and obese 
patients without asthma. 
Each column represents 
a patient sample, and 
each row, an individual 
gene. For each gene, 
green color represents 
underexpression; red 
color, overexpression; 
and black signal, missing 
data.



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ  2015; 125 (10)726

processes into the analysis. Another advantage of 
this standardized method is that it also reduces 
the effect of sample handling on the result.

Gene expression profile Although we focused on 
the differences in gene expression between obese 
and normal-weight patients with asthma and 
between normal-weight patients with asthma 
and obese patients without asthma (tAble 2), we 
also found interesting similarities between these 

oncology and hematology, it is likely that this 
method will also be used in allergology, where 
a correct diagnosis is crucial for long-term pa-
tient treatment.11-14

For this study, we analyzed RNA samples isolat-
ed from whole blood. As the mechanism of obesity 
in asthma and subsequent inflammation is largely 
unknown and probably related to more than 1 or 
2 specific molecular pathways and processes, the 
advantage of this method is to include all possible 

tAble 2  Genes that were differentially expressed; log2-fold change >2; P <0.05 corrected for multiple testing t test Benjamini–Hochberg method  
P <0.05 

Obese patients with asthma vs patients with asthma and normal 
body mass 

Obese controls vs patients with asthma and normal body mass 

symbol (cytogenic 
localization)

regulation FC P value 
(corrected)

symbol

(cytogenic localization)

regulation FC P value 
(corrected)

genes with similar differences in both comparisons

PI3
(20q13.12)

up 2.59019 0.0054217135 PI3
(20q13.12)

up 2.800159 9.669405E-4

LOC100008589
(1st) (22p12)

down –15.45324 0.043978054 LOC100008589 (1st) (22p12) down –3.6162987 0.0013241239

RPS6KA3
(Xp22.12)

down –2.101352 0.043978054 RPS6KA3
(Xp22.12)

down –2.6177142 3.0760257E-6

LOC441763
(16p11.2)

down –11.751951 0.043978054 LOC441763
(16p11.2)

down –27.957869 1.64401E-6

IFIT1
(10q23.31)

up 2.064402 0.043978054 IFIT1
(10q23.31)

up 2.1131089 0.007211569

LOC100133565
(chr. 12)

down –17.774307 0.043978054 LOC100133565
(chr. 12)

down –47.53617 1.64401E-6

genes with different expression in 1 comparison

OLFM4
(13q14.3)

up 2.0234244 0.043978054 LOC100008589
(2nd) (22p12)

down –41.281216 1.64401E-6

ZNFX1
(20q13.13)

up 2.000805 1.64401E-6

DGKA
(12q13.2)

up 2.151851 5.8393896E-5

ARHGAP30
(1q23.3)

up 2.3613424 3.5922574E-5

LOC642113
(chr. 2)

up 2.0307086 0.03201332

ING3
(7q31.31)

down –2.0347931 5.828479E-6

RNU1F1
(1p36.1)

down –2.1985717 5.828479E-6

Hs.99472
(10p12.31)

down –2.1621523 1.5372529E-5

RNU1A3
(1p36.1)

down –2.4608004 1.73829E-5

LOC100132394 (Xq22.3) down –3.2237225 0.0021874802

LOC441155 (6q12) down –2.0805464 1.73829E-5

LOC100008588 (22p12) down –5.064386 1.8518655E-5

LOC100134364 (chr. X) down –7.300454 8.25479E-5

RN7SK (6p12.2) down –2.2607615 5.815962E-6

HINT3 (6q22.32) down –2.0507286 3.535359E-4

CTSZ (20q13.32) down –2.4224112 1.64401E-6
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response, and apoptosis, which may provide a 
useful model for childhood asthma.12

The adipose tissue of obese patients consists 
of adipocytes, macrophages, T cells, B cells, and 
eosinophils. All these immune cells play a crucial 
role not only in the development and acceleration 
of low-grade systemic inflammation and metabol-
ic disturbances but also in allergic inflammation. 
Recent data have confirmed the relationship be-
tween gene expression in PBMCs (lymphocytes and 
monocytes) and visceral fat accumulation. Animal 
studies suggested that changes in gene expression 
in PBMCs can be used as early predictors of obesi-
ty; in particular, the expression of energy homeo-
static genes such as the genes for neuropeptide Y 
and fatty acid synthesis (FASN, SREBP 1) and adi-
pogenesis (PPARG).13 In another study, the progres-
sion of overexpression of scl27α2 was strongly as-
sociated with weight gain in rats owing to hyperlip-
idemic diet; that is why, it may be also a molecular 
predictor of early development of overweight.14 The 
gene expression analysis of PBMCs from obese pa-
tients showed that the expression of several genes 
related to circadian rhythm, inflammation, oxida-
tive stress, and immune response was significant-
ly positively correlated with visceral fat adiposity 
(eg, SCL46A3) or was negatively correlated with 
visceral fat adiposity (eg, PER 1, ZNF 174). It sug-
gests that low-grade systemic inflammation in ad-
ipose tissue may reflect the expression of PBMC 
genes similarly to asthma, as described above. In-
terestingly, the activation and count of lympho-
cytes, monocytes, and neutrophils are similar in 
obesity and asthma.23

The pathway analysis of the genes differen-
tially expressed in the group of normal-weight 
asthmatic patients and obese controls showed 
several annotations that may help elucidate the 

groups. The PI3 gene is involved in the PI3K kinase 
pathway, which impacts asthma in several ways. 
The PI3K activity is increased after ovoalbumin 
allergen provocation. It increases the expression 
of VEGF, which enhances vascular permeability 
and Th2 sensitization, including IL-13 and IL-6 
levels.15,16 Furthermore, PI3K signaling affects the 
deeper bronchus layer, increasing airway smooth 
muscle proliferation.17 It is also involved in eosin-
ophil cationic protein, eosinophil peroxidase, and 
myeloperoxidase release in allergic rhinitis and 
asthma, irrespective of the allergen-challenge 
model.18 Additionally, PI3K signaling is increased 
in obesity induced by a high-fat diet.19 The IFIT1 
gene is involved in antiviral response; addition-
ally, its expression is increased in Th2-cytokine 
pretreated epithelial cells.20 The ARID4B gene is 
involved in the development of neoplasms, sper-
matogenesis, and alcohol abuse.21 The protein be-
longs to the retinol-binding protein family, which 
additionally regulates adipogenesis.22

A previous study on the gene expression analy-
sis of peripheral blood mononuclear cells (PBMCs) 
of 34 560 oligonucleotide probes identified 8 can-
didate genes affecting the development of asthma. 
By using more strict criteria, the authors found 
that the best model that may be a useful biomark-
er for asthma consisted of only 3 genes: MEPE, 
MLSTD1, and TRIM37. Further analyses identi-
fied the best model for classification of asthma 
severity (CCT5, NOX5, LMAN1, KNS2, MLSTD1, 
TRIM37).11 Unfortunately, the function of the 
genes in the pathomechanism of asthma has not 
been determined yet. A recent microarray analy-
sis of PBMCs in childhood asthma revealed that 
the combination of ADAM33, SMAD7, and LIGHT 
genes was involved in immune response, stress 

tAble 3 Gene co-occurrence annotations found by Genecodis12,13 and (Panther Pathways),14,15 which were differentially expressed (P <0.05 
corrected for multiple testing by the Benjamini–Hochberg method P <0.05) in normal-weight asthmatic patients and obese controls

Genes  NGR NG Hyp Hyp* Annotations

ELF2, ITPR3, PLCG1, NCK2, FLI1,
PIK3R1, ELF1, PIK3CD, RPS6KA5,
BRAF, STAT5A, PDPK1, VAV3,
MAP3K2, ELF4, RAF1, ARHGAP1,
RPS6KA3, NIN, PKN2, JAK1

128 21 2.83858E-10 3.63338E-08 (PANTHER Pathways) P00047: 
PDGF signaling pathway

ARL1, ELMO1, PIK3R1, RRAS, PIK3CD, ACTN4, BRAF, 
ELMO2, ITGAL, ACTG1, ITGAX, CDC42, CRKL, MAP3K2, 
RAF1, ARF1, ARF3, RAPGEF1, CRK, RAP1A

157 20 6.41022e-08 4.10254E-06 (PANTHER Pathways) P00034: 
integrin signaling pathway

CREB1, GTF2F1, GTF2E2, GTF2A1, CREB3L2, PRKAR2A, 
GTF2H1, POLR2C, PRKAR1A, EP300, CREBBP

47 11 1.16215E-07 4.9585E-06 (PANTHER Pathways) P00055: 
transcription regulation by 
bZIP transcription factor

ITPR3, PLCG1, CXCR3, RRAS, CIDEB, MYH9, PIK3CD, PLCB3, 
RGS17, NFKB2, ITGAL, ACTG1, PDPK1, CDC42, CAMK2G, 
PRKCB, MAP3K2, RAF1, ROCK1, NFATC1, PLCB2

198 21 6.9568E-07 2.22618E-05 (PANTHER Pathways) P00031: 
inflammation mediated by 
chemokine and cytokine 
signaling pathway

ITPR3, PIK3R1, PIK3CD, PLCB3, PRKAR2A, PRKAR1A, 
PRKCB, ECE1, RAF1, ADCY7, PLCB2

72 11 1.01347E-05 0.000162155 (PANTHER Pathways) P00019: 
endothelin signaling pathway

ITPR3, SYK, PIK3CD, NFKB2, VAV3, PRKCB, MAP3K2, RAF1, 
LYN, NFATC1

59 10 9.90636E-06 0.000181145 (PANTHER Pathways) P00010: 
B-cell activation

Abbreviations: Hyp, P values were obtained by the Hyper geometric analysis; Hyp*, P values were obtained by the hypergeometric analysis, corrected 
by the false discovery rate method; NGR, number of annotated genes in the reference list; NG, number of annotated genes in the input list
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in further studies on the development of a clini-
cal diagnostic tool.

Some limitations of the current phase and fu-
ture phases of our study need to be discussed. 
The necessary next step of the gene expression 
study is to validate the gene profile in indepen-
dent groups of obese and normal-weight asthmat-
ic patients, obese nonasthmatic controls, and, ad-
ditionally, normal-weight subjects without asth-
ma as “supernormals”.

The number of biomarkers that can be mea-
sured in asthmatic patients is limited. In periph-
eral blood, we can measure only specific IgE and 
total IgE levels, eosinophil count, serum perios-
tin levels, and prostaglandin E2 levels.37,38 Sputum 
quantitative assay, exhaled breath analysis, and 
urinary metabolomic analysis may also be per-
formed.37 However, none of these parameters is 
specific for obesity-related asthma.

conclusions The results of our study show signifi-
cant differences in gene expression between obese 
and normal-weight asthmatic patients. Howev-
er, changes in gene expression caused by asthma 
and obesity have common pathways. The analysis 
of gene expression might be a useful tool in diffi-
cult cases of obese patients suspected of asthma.
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StreSzczenie

wprowadzenie Współistniejąca otyłość znacznie pogarsza kontrolę astmy. U otyłych chorych na astmę 
zaobserwowano bardziej nasilone objawy choroby oraz zwiększone zużycie leków.
cele Głównym celem badania była identyfikacja genów o różnej ekspresji we krwi obwodowej otyłych 
chorych na astmę, chorych na astmę o prawidłowej masie ciała oraz osób otyłych bez astmy. Drugim 
celem było określenie, czy analiza ekspresji genów we krwi obwodowej może być pomocna w diagnostyce 
różnicowej u chorych otyłych z objawami przypominającymi astmę.
pacjenci i metody Grupa badana obejmowała 15 chorych na astmę (9 otyłych i 6 o prawidłowej masie 
ciała), natomiast grupa kontrolna – 13 osób otyłych, u których wykluczono astmę. Analiza ekspresji 
całego genomu wykonana została na próbkach RNA krwi obwodowej.
wyniki Porównanie profilu ekspresji u chorych na astmę z otyłością i chorych o prawidłowej masie 
ciała wykazało statystycznie istotną różnicę w przypadku 6 genów. Porównanie ekspresji między grupą 
kontrolnej a chorymi na astmę o prawidłowej masie ciała wykazało istotne różnice w przypadku 23 
genów. Porównanie wyników genów o odmiennej ekspresji wykazało grupę transkryptów, które mogą być 
związane ze zwiększoną masa ciała (PI3, LOC100008589, RPS6KA3, LOC441763, IFIT1, LOC100133565). 
W oparciu o wyniki ekspresji genów skonstruowano model predykcyjny, który pozwolił na prawidłową 
klasyfikację 92% chorych otyłych i 89% otyłych chorych na astmę, wykazując 90,9% dokładność.
wnioSki Wyniki naszego badania wskazują na istotne różnice w ekspresji genów u otyłych chorych 
na astmę w porównaniu z chorymi o prawidłowej masie ciała oraz u osób otyłych bez astmy w porów-
naniu z chorymi na astmę o prawidłowej masie ciała.
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