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KEYWORDS Abstract Background: Asthma is a major public health problem with a high economic burden. It
Granzyme B; involves several inflammatory cells and multiple mediators. Granzyme B is an inflammatory medi-
Corticosteroids; ator expressed and secreted by both immune and non immune cells. Recently it was found to play a
Bronchial asthma role in the pathogenesis of asthma.

The aim of this work: was to evaluate the effect of both inhaled and oral corticosteroids on spu-
tum granzyme B in asthmatic patients with moderate severity.

Methods: The study included 25 patients with moderate persistent asthma plus 15 healthy sub-
jects as a control group. Granzyme B was measured before treatment with corticosteroids then after
inhalation therapy and oral therapy.

Results: It was found that expected pulmonary function parameters were significantly lower in
asthmatic patients than in controls. Sputum granzyme B levels were significantly higher in asthmatic
patients than in controls. Sputum granzyme B levels were significantly lower after treatment with
inhaled corticosteroids than basal levels. Oral corticosteroids further significantly lowered granzyme
B, but the lowering effect of inhaled steroids was significantly higher than that of oral drugs. There
was no statistically significant correlation between granzyme B and PFTs in asthmatic patients.

Conclusion: Granzyme B levels are elevated in bronchial asthma. Granzyme B could play a role
in the pathogenesis of bronchial asthma. Both inhaled and oral corticosteroids lowered granzyme B
levels significantly. The lowering effect of inhaled corticosteroids on sputum granzyme B is more
than that of the oral corticosteroids.
© 2014 Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest Diseases and

Tuberculosis.
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Introduction

Granzymes are recently discovered inflammatory mediators
claimed to play a role in asthma. Granzyme B is sorted to a
granule compartment that can be mobilized in a way similar
to histamine. Thus Granzyme B must be considered as a
potential mediator in asthma [5]. Granzyme B is a multifunc-
tional protease that may have important role in a number of
inflammations. It can be expressed and secreted by both
immune and non immune cells, so granzyme B may have a lar-
ger role in chronic inflammation, auto immune and degenera-
tive diseases than previously believed [17]. Granzyme B may
play important role in the pathogenesis of asthma, so reduc-
tion in Granzyme B expression can inhibit the apoptosis of air-
way epithelial cells and tissue remodeling [18]. Induced sputum
provides a non invasive tool for investigating mediators in var-
ious asthma subtypes. Sputum induction is performed by inha-
lation of hypertonic saline (NaCl 4.5%) or isotonic saline
solution (NaCl 0.9%) 15 min after pre-medication with 400
microgram of inhaled salbutamol [6].

Subjects and methods

In this cross sectional prospective case-control study, 25
patients (14 females and 11 males) with moderate persistent
asthma of those attending the Chest Department at Benha
University Hospitals were included. The study was conducted
between May 2012 and September 2013.15 healthy subjects
were included as a control group.

Exclusion criteria

1. Patients received oral or inhaled corticosteroids in the pre-
ceding 2 weeks.
2. Patients on other immune suppressant or anti-inflamma-
tory therapy.
. Patients with renal or hepatic impairment.
4. Patients with systemic or cardiovascular diseases that may
result in the elevation of Gr B.

(98]

Patients were submitted to the following

Ventilatory function tests were performed using a Sensor-med-
ics V max series, 2130 spirometer, V6200 Autobox, 6200DL.

Measurement of granzyme B level in sputum

Basal levels of GrB were measured at the start then patients
were given high dose of inhaled steroid in the form of
Budesonide 800 pg (Miflonide, caps, 400 mg, Novartis) twice
daily for 2 weeks then low dose of oral steroid in the form of
prednisolone 10 mg (2 tablets/day) for another 2 weeks.

Granzyme B was measured again after 2 weeks of
inhalation therapy and at the end of oral therapy. Granzyme
B was measured by an ELISA assay using a Human Granzyme
B ELISA Kit by Wuhan EIAab Science Co., Ltd.
(www.eiaab.com). Levels of granzyme B were estimated in
pg/ml.

Sputum processing

Sputum was processed within 2 h of collection. Sputum plugs
were harvested and processed with 4x weight/volume of
0.1% dithiothreitol in phosphate buffered saline (PBS).

Samples were filtered through 48 mm mesh and centrifuged
at 1200 rpm for 5Smin. to remove cells. Supernatants were
stored at —80 °C until ELISA test [13].

Results

Table 2 shows a non statistically significant difference between
patients and controls as regards sex distribution.

Table 3 shows a non statistically significant difference
between patients and controls as regards BMI.

Table 4 shows a non statistically significant difference in
FVC% between patients and controls.

Table 5 shows that FEV1% of the control group is signifi-
cantly higher than the asthmatic group.

Table 6 shows that FEV1/FVC% is significantly higher in
the control group than the asthmatic group.

Table 2 Sex distribution among patients and controls.

Sex Patients Controls Total
. . Female N 14 6 20
1. Full history taking. % 56.00 40.00 50.00
2. Full clinical examination both general and local.
3. Body mass index (BMI) was calculated as the weight in kg Male IO\I 11 9 20
divided by the height in square meter (kg/m?). L Y LY LY
4. Radiological examination: Plain postero anterior chest Total N 25 15 40
X-ray was done to exclude any chest lesion if present. ) %2 100.00 100.00 100.00
5. Pulmonary function tests (spirometry) before and after Chi-square X 0.965
bronchodilatation. P-value 0.326
Table 1 Age distribution among patients and controls.
Groups Age T-test
Range Mean + SD t P-value Sig.
Patients 19.000-61.000 46.960 + 11.066 0.067 0.947 NS

Controls 28.000-66.000

47.200 + 10.798

There was no statistically significant difference between patients and controls as regards their age.
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Table 3 Distribution of BMI among patients and controls.

Groups BMI T-test

Range Mean £+ SD t P-value Sig.
Patients 22.300-62.600 29.332 + 7.941 0.925 0.361 NS
Controls 23.600-31.200 27.380 + 2.297
Table 4 Comparison of FVC% predicted between patients and controls.
Groups FVC% T-test

Range Mean + SD t P-value Sig.
Patients 74.400-112.600 86.556 + 10.644 0.048 0.962 NS
Controls 80.400-99.000 86.413 £+ 5.224
Table 5 Comparison of FEV1% predicted between patients and controls.
Groups FEV1% T-test

Range Mean + SD t P-value Sig.
Patients 60.000-79.300 65.700 £ 5.925 11.231 <0.001" S
Controls 81.400-104.100 89.827 £+ 7.567
Table 6 Comparison of FEV1/FVC% ratio between patients and control.
Groups FEV1/FVC% T-test

Range Mean + SD t P-value Sig.
Patients 50.660-69.630 62.247 £+ 6.826 11.813 <0.001" S
Controls 79.450-95.860 85.979 + 4.777
Table 7 Comparison of FEF 25-75% between patients and controls.
Groups FEF 25-75% T-test

Range Mean + SD t P-value Sig.
Patients 31.200-56.800 41.440 + 7.415 13.727 <0.001" S
Controls 66.000-110.400 85.787 £+ 13.090
Table 8 Comparison of granzyme B levels in pg/ml between asthmatic patients and controls.
Groups Granzyme B Level in sputum (before): T-test

Range Mean + SD t P-value Sig.

Patients 162.700-809.800 392.076 + 125.690 5.580 <0.001" S
Controls 104.400-292.300 201.560 + 50.815

Table 9 Comparison of granzyme B levels in pg/ml between males and females before and after inhaled corticosteroids (ICS): and
after oral corticosteroids (OCS).

Granzyme B Level in sputum Female Male T-test

Mean £+ SD Mean £+ SD t P-value Sig.
Before ICS 428.036 + 134.485 346.309 + 101.433 1.673 0.108 NS
After ICS 275.350 + 71.213 249.291 + 85.638 0.831 0.414 NS
After OCS 182.957 + 73.977 173.409 + 57.575 0.352 0.728 NS
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Table 10 Comparison of granzyme B levels in asthmatic patients in pg/ml before and after inhaled corticosteroids (ICS): and oral

corticosteroids (OCS).

Descriptive Statistics Granzyme B Level in sputum Difference Paired ¢-test

Range Mean = SD Mean SD t P-value
Before ICS 162.700-809.800 392.076 £+ 125.690 11 128.192 136.212 4.706 <0.001*
After ICS 117.700-440.500 263.884 + 77.311 2 213.320 147.621 7.225 <0.001*
After OCS 50.200-312.200 178.756 + 66.098 3 85.128 87.355 4.873 <0.001*

t1: change between before and after ICS. 2: change between before and after OCS. t3: change between after ICS and after OCS. significant.

Table 7 shows a significantly higher FEF 25-75% in the
control group than the asthmatic group.

Table 8 shows a significantly higher granzyme B levels in
asthmatic patients than controls.

Table 9 shows a non statistically significant difference in
granzyme B levels between males and females before and after
treatment with corticosteroids.

Table 10 shows that granzyme B levels were significantly
lower after treatment with inhaled corticosteroids. Oral ste-
roids further significantly lowered granzyme B levels, but the
lowering effect of inhaled steroids was significantly higher than
that of oral drugs.

Discussion

The present study aimed to measure the sputum level of gran-
zyme B of asthmatic patients with inhaled and oral corticoste-
roids treatment compared to those of healthy controls There
was no statistically significant difference between patients
and controls as regards age (Table 1) and sex (Table 2). Male
sex is a risk factor for asthma in children. Prior to the age of
fourteen, the prevalence of asthma is nearly twice as great in
boys as in girls. As children get older the difference between
the sexes narrows, and by adulthood the prevalence of asthma
is greater in women than in men ([10]). Absence of a significant
difference between males and females in our asthmatic patients
is related to the small number of the sample and the age range
(as sex difference is more evident with extreme of age). The
reasons for sex-related difference in asthmatic prevalence are
not clear. However, lung size is smaller in males than in
females at birth but larger in adulthood [12]. There was no sta-
tistically significant difference between patients and controls as
regards BMI. Although higher incidence of asthma was seen in
obese patients (especially severe forms) [8], the absence of a sig-
nificant difference between our patients and controls is almost
related to the smaller number of the sample studied. Higher
incidence of severe form of asthma in obese patients is related
to certain mediators such as leptins that affect airway function
and increase the likelihood of asthma development [3].

Other mechanisms by which obesity could potentially influ-
ence asthma are thought to be mechanical factors leading to a
decreased functional residual capacity and tidal volume with
less smooth muscle stretch or through inflammatory or
immune modification, increase in estrogen, or precipitating
gastro-esophageal reflux [15].

Majority of asthmatic patients in the study were non smok-
ers only one patient was ex-smoker. Tobacco smoking is asso-
ciated with accelerated decline of lung function in people with
asthma and increase asthma severity, and may render patients

less responsive to treatment with inhaled glucocorticoids, and
reduces the likelihood of asthma being controlled [2].

In this study pre and post bronchodilator spirometry were
done among 25 cases to confirm the diagnosis of asthma. Sta-
tistical comparisons of pulmonary function tests were done
among all studied groups. FEV1% predicted, FEV1/FVC%
and FEF25-75% were significantly lower in asthmatic patients
than controls while FVC% was not statistically different
(Tables 5-7) [1].

The results of this study showed a significantly higher levels
of Gr B in asthmatic patients (392.076 £ 125.690 pg/ml) than
controls (201.560 = 50.815 pg/ml) (Table 8). This result is in
agreement with Athanasia et al. [1] who found that Gr B levels
were significantly increased in moderate persistent asthma
compared to mild asthmatics. The study was done on 10
patients with moderate persistent asthma compared to 10
patients with mild asthma to investigate granzyme B levels in
induced sputum, it was 325.6 £ 44 versus 253 + 24 pg/ml.

Also Sandra et al. [14] found that granzyme B levels were
increased in patients with non eosinophilic asthma (NEA)
(n = 6) and in patients with mixed EA/NEA (n = 8) versus
controls (n = 9) but granzyme B levels in EA (n = 7) were
not significantly different from controls.

Results of Sandra et al. [14] indicate that granzyme B is
more important in non allergic asthma, however Khoa et al.
[11] found increased granzyme B and perforin expression in
allergic asthmatic CD4 + i NKT cells compared to healthy
controls and allergic asthma. Sandra et al. [14] showed
increased Gr B levels in BAL from a topic asthmatic follow-
ing segmental allergen provocation and concluded that it is
possible to play a role in the pathogenesis of the disease as
they found increased expression in T-lymphocytes, a result
similar to that of Khoa et al. [11]. Also, Tschopp et al [16]
showed induced production of Gr B, IL 13 and Leukotriene
C4 by blood basophils following allergen sensitization in asth-
matic patients. In the present study Gr B levels were signifi-
cantly lower following inhaled steroids (263.884 & 77.311)

Table 11 Correlation between granzyme B and each of age
and BMI, in asthmatic patients and the control group.

Basal granzyme B Level in sputum

R P-value Sig.
Age —0.237 0.254 NS
BMI —0.047 0.824 NS

There was no statistically significant correlation between granzyme
B and both of age and BMI, in asthmatic patients and controls.
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Table 12 Correlation between granzyme B and PFTs in
asthmatic patients.

Basal granzyme B Level in sputum

R P-value Sig.
FVC% —0.103 0.624 NS
FEVI1/FVC 0.142 0.497 NS
FEV1% —0.096 0.649 NS
change in FEV1% 0.099 0.638 NS
FEF25-75% 0.216 0.300 NS

There was no statistically significant correlation between granzyme
B and PFTs in asthmatic patients.

than basal levels (392.076 + 125.690) and further significant
reduction was seen after oral steroids (178.756 + 66.098),
Table 10. Our result is in agreement with Chiara et al. [4]
who found that methylprednisolone-treated normal NK cells
display reduced levels of intracytoplasmic granzyme B that
was done on 10 patients receiving methylprednisolone. In
the present study there was no statistically significant correla-
tion found between granzyme B and pulmonary function tests
(FEV1%, FVC%, FEV1/FVC, FEF25-75%) in asthmatic
patients.(Table 12).This result is in agreement with Hodge
et al. [9] who found that there was no correlation between
sputum granzyme B levels and airflow obstruction. Also
Khoa et al. [I1], did not find any significant correlation
between granzyme B levels and forced expiratory volume in
1s (FEVI).

The study showed that there was no statistically significant
correlation between granzyme B and both age and BMI in
asthmatic patients and controls. This result is in agreement
with Hodge et al. [11] who found that there was no correlation
between granzyme B levels and clinical parameters of asthma
such as patient age, disease duration and age of onset. How-
ever, Hala et al. [7] found that granzyme B levels positively
correlate with measures of obesity and insulin resistance and
other metabolic parameters which support our result (see
Table 11).

Conflict of interest
None declared.

References

[1] P. Athanasia, N. Eirini, S. Sophia, M. loanna, S. Nikolaos, T.
Eleni, Serum and sputum perforin and granzymes A and B
expression in persistent asthma, Dept of Thoracic Medicine,
Medical School University of Crete Heraklion Greece-436, 2010.

[2] E.D. Bateman, H.A. Boushey, J. Bousquet, W.W. Busse, T.J.
Clark, R.A. Pauwels, Can guideline-defined asthma control be
achieved? The gaining optimal asthma control study, Am. J.
Respir. Crit. Care Med. 170 (8) (2004) 836-844.

[3] D.A. Beuther, S.T. Weiss, E.R. Sutherland, Obesity and asthma,
Am. J. Respir. Crit. Care Med. 174 (2) (2006) 112-119.

[4] V. Chiara, C. Laura, C. Claudia, M. Giusepp, C. Francesca, M.
Sara, et al, The corticosteroid-induced inhibitory effect on NK
cell function reflects down-regulation and/or dysfunction of
triggering receptors involved in natural cytotoxicity, Eur. J.
Immunol. 34 (2004) 3028-3038.

[5] M.T. Cornelia, S. Nicole, D. Svetlana, L. Werner, J. Peter, V.
Christian, et al, Granzyme B a novel mediator of allergic
inflammation: its induction and release in blood basophils and
human asthma, Blood 108 (2006) 226-228.

[6] C. Didier, Jean Michaelf, L. Laurie, B. Pierr, D. Ratko, L.
Reaud, Comparison between isotonic and hypertonic saline
solution in halation in patients with asthma, Chets 128 (2001)
1815-1821.

[7] Hala O. El-Mesallamy, Nadia M. Hamdy, Dina M. Mostaf,
Ashraf 1. Amin, The serine protease granzyme B as an
inflammatory marker, in relation to the insulin receptor
cleavage in human obesity and type 2 diabetes mellitus, J.
Interferon Cytokine Res. (2013), http://dx.doi.org/10.1089/
jir.2013.0059.

[8] J. Hirsch, L. Salans, L. Arrone, Obesity K.L. Becker (Eds).
Principles and practice of Endocrinology and metabolism third
ed., Lippincott Williams and Wilkins, Philadelphia, pp. 1239-
1246, 2001.

[9] S. Hodge, G. Hodge, E. Narin, M. Holmes, P.N. Reynoldds,
Increased airway granzyme B and perforin in current and ex-
smoking COPD subjects, COPD 3 (2006) 179-187.

[10] L.J. Horwood, D.M. Fergusson, F.T. Shannon, Social and
familial factors in the development of early childhood asthma,
Pediatr. Res. 75 (5) (1985) 859-868.

[11] D.N. Khoa, V. Chris, C.N. Kari, Increased cytotoxicity of
CD4 +invariant NKT cells against CD4+CD25hi CDI127
regulatory T cells in allergic asthma Eur, J. Immunol. 38
(2008) 2034-2045.

[12] F.D. Martinez, A.L. Wright, L.M. Taussig, C.J. Holberg, M.
Halonen, W.J. Morgan, Asthma and wheezing in the first six
years of life. The Group Health Medical Associates, N. Engl. J.
Med. 332 (3) (1995) 133-138.

[13] D. Robert, D. Andrew, N. Donald, I. Margaret, 1. Alastair, J.
David, et al, Sputum trace metals are biomarkers of
inflammatory and suppurative lung disease, Chest 137 (3)
(2010) 635-636.

[14] H. Sandra, R. Sarah, L.S. Jodie, G. Calida, H. Kirsty, Y. Lan, T
— cell granzyme B is increased in induced sputum both from
patients with COPD and non eosinophilic asthma, Asian pac.
so. of Resp. 16 (2011) 37-86.

[15] K.G. Tantisira and S.T. Weiss, Complex interactions in complex
triats: obesity and asthma. Thorax 56 (Suppl 2): ii 64-ii 74, 2000.

[16] C. Tschoop, N. Spiegl, S. Didichenko, W. Luttman, P. Jullius,
C. Virchow, et al, Granzyme B a novel mediator of allergic
inflammation: its induction and release in blood basophils and
human asthma, Blood 108 (7) (2006) 2290-2299.

[17] A.B. Wendy, M.C. Dawn, R.H. Paull and J.G David
Intracellular versus extracellular granzyme B in immunity and
disease: challenging the dogma Lab Investigation, pp. 1213-
1214, 2009.

[18] L.P. Zou, L.X. Warg, Expression of perforin and granzyme B in
asthmatic rats and interrelation of recombinant human growth
hormone, zhonngguo Dong Dai Er Ke Za Zhi 3 (2011) 223-226.


http://refhub.elsevier.com/S0422-7638(14)00180-0/h0010
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0010
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0010
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0010
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0015
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0015
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0020
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0020
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0020
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0020
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0020
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0025
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0025
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0025
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0025
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0030
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0030
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0030
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0030
http://dx.doi.org/10.1089/jir.2013.0059
http://dx.doi.org/10.1089/jir.2013.0059
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0045
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0045
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0045
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0050
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0050
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0050
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0055
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0055
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0055
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0055
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0060
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0060
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0060
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0060
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0065
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0065
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0065
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0065
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0070
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0070
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0070
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0070
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0080
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0080
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0080
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0080
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0090
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0090
http://refhub.elsevier.com/S0422-7638(14)00180-0/h0090

	Study of effect of inhaled versus oral corticosteroids on sputum granzyme B in patients with moderate persistent bronchial asthma
	Introduction
	Subjects and methods
	Exclusion criteria
	Patients were submitted to the following
	Measurement of granzyme B level in sputum
	Sputum processing

	Results
	Discussion
	Conflict of interest
	References


