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 Review

ABSTRACT
 Numerous studies have revealed the significant action of airway epithelium as a non-
specific defence mechanism in airways. In addition, epithelial cells release biologically active 
agents, which modulate airway tone. Importantly, airway epithelium function is influenced by 
physiological parameters, including the release of endogenous factors, age, gender, load, and 
bronchi size. The primary goal of this review is to summarize knowledge concerning the ef-
fect of the aforementioned parameters on the modulatory role of airway epithelium on airway 
smooth muscle responsiveness. These effects may be implicated in the pathophysiology of 
airway diseases like asthma and Chronic Obstructive Pulmonary Disease (COPD).

kEywoRDS: Airways, Epithelium, Nitric oxide.

INTRoDUCTIoN

 Respiratory epithelium belongs to the class of ciliated pseudostratified columnar epi-
thelium due to the arrangement of the columnar epithelial cells. Airway epithelium functions as 
a barrier to potential pathogens and foreign objects and prevents infection by the action of the 
ciliary escalator. It acts as a non-specific upper airways defence mechanism, that entraps par-
ticles and other inhaled material in mucus, and transports them away from the lungs. Efficient 
mucociliary transport is the result of the co-ordination of three airway epithelial functions, i.e. 
mucus secretion, ciliary beat and ion and fluid transport. Another important function of airway 
epithelium is its ability to produce endogenous biologically active substances like Nitric Oxide 
(NO), prostanoids, and endothelin.1-3,4 It is also worth mentioning that the function of airway 
epithelium is influenced by physiological parameters, like age, gender, load, and bronchi size. 

 Airway Smooth Muscles (ASM), whether contracted or relaxed, affect airway diam-
eter and thus air flow to alveoli where gas exchange occurs. Excessive responsiveness of ASM 
to contractile agents is often characteristic of chronic respiratory diseases, with asthma being a 
typical example. This over-responsiveness results in airway obstruction and decline of airway 
flow. Remarkably, a common finding in asthma is epithelium damage, inflammation and in 
some cases airway remodelling. Moreover, epidemiological data suggest that the incidence of 
asthma becomes higher in females than males with the onset of puberty, and that this tendency 
prevails throughout the reproductive years.5

 These observations triggered research interest toward the modulatory role of airway 
epithelium on ASM, in connection with the action of NO, prostanoid, cholinergic agents, me-
diators of inflammation and growth factors, but also in connection with airway size, animal age 
or gender and the initial load applied on airway smooth muscle.

 In the following paragraphs, we discuss the impact of the above factors on the modula-
tory role of airway epithelium on ASM, as well as the possible implications on the pathophy-
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-siology of airway diseases like asthma and Chronic Obstructive Pulmonary Disease (COPD) (Table 1).

Effect on epithelium Possible implication in airway diseases

Endogenous
factors

Insulin Promotes the survival of epithelial cells11 
Participates in epithelium restoration integrity after its 
damage 12 
Stimulates NO release from epithelial cells13 
Relaxes precontracted airways13

Respiratory system is considered an alternative route for insulin adminis-
tration for the treatment of type 1 diabetes mellitus71 
Low incidence of asthma in patients with diabetes mellitus72

Histamine Causes: H2O2 production from epithelial cells,15 mucus-
release and swelling of mucosa16 and NO release from 
epithelial cells14,17,18

Relaxes precontracted airways18

Possible contribution to the increased airways responsiveness observed 
in asthma due to epithelium damage and inflammation

Acetylcholine Stimulates NO release from epithelial cells22,68 Possible contribution to the increased airways responsiveness observed 
in asthma due to epithelium damage and the increased acetylcholine 
release73

Age Affects the capacity of airway epithelium to produce 
NO39,40

Epithelium-derived NO has an important role in the regulation of airway 
tone in early newborn life74,75

Gender In rabbit trachea testosterone relaxes precontracted ASM 
in an epithelium-dependent way41

Gender differences in the incidence of asthma
Testosterone serum levels are depressed in patients with respiratory 
failure,76 cystic fibrosis,77 hypoxic pulmonary fibrosis78 and COPD79

Airway size Variations in the distribution of acetylcholinesterase58, 59 Regional differences in ASM responsiveness to contractile agents 
Non-homogeneous distribution of bronchoconstriction observed in 
COPD and asthma

Depends on animal species. E.g. in canine airways, epi-
thelium mainly modulate the responsiveness of the large 
airways while sheep airways, epithelium integrity affects 
mainly the responsiveness of small airways65

Load Epithelium responds to stretch by modulating epithelial 
NO synthase activity, NO production and ASM respon-
siveness to acetylcholine at increased load68,22

Loss of the protective effect of deep inspiration in asthmatics80-82 and 
patients with COPD83 

Table 1: The effects of different physiological parameters on the modulatory role of epithelium on Airway Smooth Muscle (ASM) and the possible implication of these effects in airway diseases.

ENDogENoUS FACToRS: INSUlIN, HISTAMINE, ACE-
TylCHolINE

 Endogenous factors like insulin, histamine or acetylcho-
line cause airway contraction. On the other hand, they act on epi-
thelial cells and cause the release of biologically active mediators, 
mainly NO, that relax ASM and as a result limit excessive airway 
contraction. 

 Insulin is the major modulator of blood glucose levels 
exhibiting also growth factor activity on many cell types includ-
ing ASM cells. Namely, it promotes ASM cell proliferation, via 
activation of the Phosphatidylinositol 3-kinase (PI3K) pathway,6 

switches the ASM phenotype to contractile,7-9 induces the release 
of contractile prostanoids from sources other than epithelium10 and 
increases the responsiveness of ASM to contractile agents.7 More-
over, available data suggest that in airways, insulin promotes the 
survival of epithelial cells11 and participates in epithelium restora-
tion integrity12 after its damage. Additionally, insulin may stimu-
late NO release from epithelial cells and thus cause relaxation of 
precontracted airways.13

 Histamine, a classical inflammatory agent, induces 
airway contraction.14 Histamine further affects airway epithe-
lium as it promotes H2O2 production from epithelial cells of 
bronchi,15 mucus release and swelling of mucosa.16 In fact, the 
effect of histamine on ASM contraction is mediated by the re-
lease of biologically active molecules like NO from epithelial 
cells and thus, depends on epithelium integrity.14,17,18 Studies on 
vessels demonstrate that histamine stimulates endothelial cell 
H3 receptors19 by increasing epithelial NO synthase phosphory-
lation and activity.20 

 Acetylcholine, the neurotransmitter released from 
postganglionic parasympathetic vagus nerves, induces airways 
contraction via Ca2+ release from intracellular stores and Ca2+ 
entry from extracellular space.21,22 Additionally, acetylcholine 
is also released from epithelial cells23 and can promote the 
chemeotaxis of monocytes and neutrophils24,25 via, at least in 
part, the release of interleukin-8.26 ASM express mainly M2 and 
M3 muscarinic receptors.27 Acetylcholine, as well as other mus-
carinic agonists, may induce proliferation of ASM cells that
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depends on the activity of the MAPK and PI3K pathways, either 
alone28 or in combination with growth factors.29 In vitro studies 
demonstrate that the airway epithelium stimulates the breakdown 
of acetylcholine.30 In addition, acetylcholine seems to stimulate 
NO release from the epithelium and its mechanical removal in-
creases airway responsiveness to acetylcholine.31

AgE

 Animal studies suggest that increased age decreases air-
way responsiveness to contractile agents,32 and increases their 
capability to relax.33,34 These age-dependent alterations in airway 
responsiveness are attributed to changes in airway architecture 
and organization,35,36 to the maturation of the non-adrenergic non 
cholinergic system37 and to increased activity of acetylcholinest-
erase.38

 Evidence suggests that age may affect the release of bio-
logically active factors, mainly NO, from the airway epithelium.
The three NO synthase isoforms are expressed in airways, but 
their levels remain unchanged during life.40 However, the capacity 
of airway epithelium to produce NO seems to increase with age. 
Namely, in rabbits (Figure 1, our unpublished results) and pigs39 
age affects the acetylcholine-induced NO production. Specifically, 
contractility studies were performed on tracheal strips obtained 
from young (four weeks old) or adult (eight weeks old) rabbits 
in the presence of 10-9 to 10-3 M of acetylcholine. In adult rab-
bits epithelium damage increases acetylcholine-induced contrac-
tions.22 On the contrary, these experiments revealed that in young 
rabbits the mechanical removal of epithelium (Figure 1A, our un-
published results) as well as the treatment of preparations with 
the inhibitor of NO synthase NG-nitro-L-arginine methyl ester (L-
NAME), the precursor of NO formation L-arginine or the inhibitor 
of cyclooxygenase indomethacin had no effect on ACh-induced 
contractions (Figure 1B, our unpublished results).

A

Figure 1: The effect of epithelium removal (A) or the presence of NOS inhibitor, NG-nitro-L-
arginine methyl ester (L-NAME), NO precursor, L-arginine and cyclooxygenase inhibitor, indo-
methacin (B) on acetylcholine (ACh)-induced contractions of tracheal strips obtained from young 
rabbits (<4 weeks).
Data are means, vertical lines show SE. N refers to the number of animals studied. 

 Histological studies reveal that the expression of Μ3 
receptors, which are involved in acetylcholine mediated NO re-
lease from the epithelium, increase with age.40

gENDER

 Epidemiological data indicate a role of sex hormones 
in the etiology of some chronic airway diseases, in particular, 
asthma. Gender differences in the incidence of asthma are at-
tributed mainly to differences in the immune response, as tes-
tosterone is considered to be immunosuppressant while female 
sex steroids proinflammatory. Moreover, studies on blood ves-
sels have provided evidence that testosterone may exert direct 
effects on smooth muscle.

 Immunohistochemistry studies show that ASM ob-
tained from male rabbits express classical androgen41 and estro-
gens receptors.42 Similarly, immunofluorescence experiments 
performed in our laboratory revealed that rabbit ASM cells ex-
press Androgen Receptors (ARs). In the majority of cells ARs 
are cytoplasmic. However, in a few ASM cells ARs are also 
present in the cell nucleus (Figure 2, our unpublished results). 

 During embryonic life, sex hormones contribute 
to growth and maturation of the respiratory system.43-46 An-
drogens seem to delay the maturation of embryonic lungs47 
and might be involved in the pathogenesis of the Acute Re-
spiratory Distress Syndrome (ARDS) that has increased in-
cidence in male newborn. In vitro studies revealed that both 
androgens and estrogens may affect, via classical receptors, 
the proliferation of ASM.48,49 Also, sex hormones modulate 
directly the responsiveness of airway smooth muscle to con-
tractile agents via a non-genomic pathway. Namely, in rab-
bit trachea 17β-estradiol relaxes precontracted airways in 
an epithelium independent way.41,50 On the other hand, tes-
tosterone may increase vagal activity and thus contract rab-

B
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Figure 2: Airway smooth muscle cells express classical Androgen Receptors (ARs). Airway 
smooth muscle cells (passages 3-6) were analyzed by immunofluorescence using an anti-
human classical Androgen Receptor (AR) mouse monoclonal antibody (G122-25, 1:200, BD 
Transduction laboratories). ARs are located mainly in the cytoplasm (magnification 20 X) (A). 
However, in a few ASM cells ARs are also present in the cell nucleus (magnification 40 X) (B). 
The smooth muscle origin of cells was confirmed by immunofluorescence with the anti SM 
α-actin mouse monoclonal antibody A104 (1:400, Sigma) (magnification 20 X) (C). The posi-
tion of the cell nuclei was visualized by DAPI. The fluorescent signal was analyzed with an 
Optiphot-2 microscope and UFX-DX camera system (Nikon) at the indicated magnification.

bit41 or guinea pig airways.51 This effect of testosterone depends 
on animal gender as it is present only in male animals.41 On 
the contrary, testosterone relaxes precontracted ASM52,53 in an 
epithelium-dependent way.52 Also, androgens seem to act syn-
ergistically with salbutamol.54 Although these studies are lim-
ited, they suggest that in guinea pigs testosterone acts directly 
on airway smooth muscle and inhibits Ca2+ entry via voltage 
dependent channels, while in rabbits its action requires epithe-
lium integrity and is, at least in part, mediated via NO release 
from epithelial cells. 

AIRwAy SIzE

 Several studies demonstrated that the responsiveness 
of smooth muscle to contractile agents varies in different parts 
of the bronchial tree and is influenced by airway innervation, 
receptor density, mechanical properties,55,56 airway wall anat-
omy57 and the distribution of acetylcholinesterase.58,59 In addi-
tion, structural and functional regional differences in airway 
epithelium have also been described.60-63 Regional differences 
in airway smooth muscle contractility are of physiological 
importance because smooth muscle contraction in central air-
ways determines the resistance to airflow and gas distribution, 
whereas in peripheral airways it mainly controls the regional 
ratio of perfusion to ventilation. The regional differences in 
smooth muscle responsiveness to contractile agents may also 
be the basis of the non-homogeneous distribution of bronchoc-
onstriction observed in pathological conditions such as Chronic 
Obstructive Pulmonary Disease (COPD) and asthma.

 There are a few studies investigating the impact of air-
way size on the modulatory role of airway epithelium. Studies 
on 2nd and 3rd order of canine airways revealed that epithelium 
mainly modulate the responsiveness of the large airways.64 On 
the contrary, we demonstrated that on sheep airways, epithe-
lium integrity affects mainly the responsiveness of small air-
ways.65 Specifically, acetylcholine or KCl-induced contraction

of epithelium intact airways is independent of airway size. In 
contrast, the mechanical removal of epithelium affects mainly 
the responsiveness of 3rd and 4th order airways to acetylcholine. 
This difference seems to be attributed to the capability of epithe-
lial cells to produce NO along the tracheo-bronchial tree.

loAD

 During the tidal action of breathing load fluctuations 
are imposed continuously on ASM that undergo shortening and 
lengthening. Stress and strain can both be the mechanical signals 
involved in mechanosensitive modulation of ASM activation66,67 
depended on the applied contractile stimuli.68-70 The mechanisms 
involved comprise ASM stiffness and extensibility, alterations 
in intracellular Ca2+ concentration and regulation of molecules 
involved in contractile protein activation. Despite the above in-
volved mechanisms, the epithelium may also have a modulatory 
role in the mechanosensitive modulation of ASM responsiveness. 
To be precise, studies suggest that airway epithelium modulates 
ASM responsiveness to acetylcholine at increased load. This ef-
fect is mediated at least in part via NO release from epithelial 
cells.68 The involved pathway comprises the calcium dependent 
activation of epithelial NO synthase.22 As epithelium responds to 
stretch by modulating epithelial NO synthase activity, and thus 
NO production with a consequent reduction of airway respon-
siveness, this protective mechanism could be impaired in epithe-
lium damage seen in airways diseases in particular asthma.4

CoNClUSIoN

 In conclusion, airway epithelium has a significant 
modulatory role in ASM responsiveness to contractile agents. 
This role depends on age, gender, bronchi size and load. Also, 
endogenous released substances like hormones (insulin, sex hor-
mones), inflammatory factors (histamine) and neurotransmitters 
(acetylcholine) act on airway epithelial cells, induce NO release 
and limit airway contraction. These factors may contribute to 
the pathophysiology of some airway diseases like asthma and 
Chronic Obstructive Pulmonary Disease (COPD).
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 Case Report

ABSTRACT

 A 40-year-old woman with lung cancer had multiple episodes of hyponatremia when-
ever she had chemotherapy with cisplatin plus etoposide and/or carboplatin plus etoposide over 
the last year. Although she had been diagnosed as having Syndrome of Inappropriate Secre-
tion of Antidiuretic Hormone (SIADH), based on a multidisciplinary assessment, a diagnosis 
of Renal Salt Wasting Syndrome (RSWS) possibly due to carboplatin was made, and after 
completion of intravenous treatment with isotonic saline, hyponatremia resolved, and she was 
discharged uneventfully. Cisplatin is well known for causing renal toxicity via proximal tubu-
lar damage, some cases of which present as RSWS. However, RSWS is extremely rare with 
carboplatin. The differential diagnosis between RSWS and SIADH for hyponatremic patients 
is sometimes difficult because of similarities in their clinical features, but careful consideration 
is needed to make the correct diagnosis because their treatments are diametrically opposed. 

KEYWORDS: Renal salt wasting syndrome; SIADH; Hyponatremia; Carboplatin.

BACKGROuND

 Hyponatremia has a large differential diagnosis and is a critical issue in cancer pa-
tients. The Syndrome of Inappropriate Secretion of Antidiuretic Hormone (SIADH) is a well-
known cause of hyponatremia, while physicians generally overlook Renal Salt Wasting Syn-
drome (RSWS). This reflects the difficulty of differentiating between SIADH and RSWS based 
on limited clinical or laboratory findings. This case illustrates a useful way of discriminating 
between these two disorders and also shows that carboplatin is an extremely rare cause of 
RSWS.

CASE PRESENTATION

 A 40-year-old woman was admitted to our hospital for chemotherapy. Two years ago 
she was diagnosed with small cell lung cancer (cT4N3M1a, stage IV, extensive stage) and was 
treated with 5 cycles of cisplatin (CDDP) plus etoposide (VP-16), followed by two cycles of 
carboplatin (CBDCA) plus VP-16. The latest chemotherapy was performed three weeks prior 
to current admission, and the lung cancer had been assessed as stable disease based on the eval-
uation criteria of solid tumours (RECIST) guidelines.1 However, she had multiple episodes of 
hyponatremia (minimum serum sodium: 116 mEq/L) whenever she received chemotherapy for 
the preceding year (total of five episodes). She was presumptively diagnosed with SIADH, and 
she improved with restriction of water intake in addition to supplementation of sodium levels 
at each time. At her current admission, the vital signs were normal, and physical examination 
showed a moderate pleural effusion in her right hemithorax. Laboratory examinations were
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normal except for moderate anemia (8.2 g/dL) and leukocytopenia 
(1.9x103/μL). Her serum sodium was also normal (138 mEq/L) 
with oral intake of sodium (6 g/day). At this point, she did not 
satisfy the criteria for SIADH. Therefore, to investigate the dif-
ferential diagnosis of the hyponatremia expected in due course 
with chemotherapy, an intensive survey for hyponatremia was 
performed at the day of admission using a 24-hour urine collec-
tion. From days 3 to 5, she was treated with intravenous CBDCA 
plus VP-16. On day 6, she had nausea and arthralgia and the hy-
ponatremia (130 mEq/L) emerged together with hypouricemia 
(2.9 mg/dL) and increased fractional excretion of urate (FEur-
ate) (13%>10%) (Figure 1). However, on the same day, thyroid 
function (free T4: 1.23 ng/dL, free T3: 2.99 pg/mL, and thyroid 
stimulating hormone: 31.8pg/mL), serum cortisol (6.8 mg/dL), al-
dosterone (48.5 pg/mL), renin activity (0.4 ng/mL/hr), and brain 
natriuretic peptide (74.8 pg/mL) were all within normal limits. 
The 24-hour urine collection showed that urine osmolality (429 
mOsm/kg) was higher than serum osmolality (263 mOsm/kg), and 
urine sodium (97 mmol/L) and chloride (87 mmol/L) levels were 
also high. No elevation of tubular enzymes were noted. 

Figure 1: The clinical course of the present case.

FENa: Fractional excretion of sodium, S-urate: serum urate.

 During the clinical course, presence of decreased Extra 
Cellular Volume (ECV) was assessed by: 1) decreased skin tur-
gor; 2) dry axilla; 3) delayed capillary refill time (>2 sec); 4) dry 
mouth; 5) postural hypotension;and 6) jugular venous pressure. 
None of these were recognized from day 0 to day 10, so there 
was no severe depletion of ECV was noted throughout this phase. 
FENa (fractional excretion of sodium)>1% was seen from admis-
sion to the day 10 (day 0, 6, 8, and 10).

 Based on the findings of hypouricemia (<4 mg/dL), in-
creased FEurate (>10%), and high urine sodium (>40 mmol/L) in 
addition to hyponatremia, RSWS was suspected due to CBDCA or 
SIADH. Table12-5 compares expected laboratory values for RSW 
and SIADH in hyponatremic patients, with the red letters con-
sistent with the present case on day 6. After initiation of volume 
repletion therapy with isotonic saline (1 L/day for two days; day 6 
and 7), the hyponatremia improved rapidly to 140 mEq/L over two 
days. This indicated that the hyponatremia was caused by RSWS,

but not by SIADH.

Table 1: Differentiation of SIADH from RSWS.

ADH: Antidiuretic Hormone, ANP: Antinatriuretic Peptide, BNP: Brain Natriuretic Peptide, FE: 

Fractional Excretion, N: Normal range, RSWS: Renal Salt Wasting Syndrome, SIADH: Syn-

drome of Inappropriate Secretion of ADH, UNa: Urine sodium

DISCuSSION

 Small cell lung cancer is a disseminated disease in 
most patients and the primary therapeutic modality is system-
ic chemotherapy for extensive stage disease as in the present 
case. The standard regimens are platinum-based combinations 
(CDDP plus VP-16 or CBDCA plus VP-16) because of their 
activity and toxicity profile.6 Carboplatin (CBDCA) has less 
nephrotoxicity and ototoxicity than cisplatin, with greater or 
comparable antitumor activity.7 However, sporadic observa-
tions of renal function deterioration after multiple courses of 
CBDCA have been reported, with reductions in the glomeru-
lar filtration rate or effective renal plasma flow.8,9 During the 
management of cancer patients, hyponatremic status needs to 
be carefully considered because it can be caused by diverse dis-
orders, as well as concomitant use of other drugs acting on the 
serum sodium level.10,11 Among these disorders, differentiating 
between SIADH and RSWS is a critical issue because of their 
opposite treatments (i.e. fluid restriction done for management 
of SIADH can worsen the hyponatremia in RSWS, whereas 
fluid replacement with isotonic saline done for management 
of RSWS can worsen the hyponatremia in SIADH). From this 
perspective, the hyponatremia of the present case showed im-
mediate correction via intravenous infusion of isotonic saline
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(1 L/day), suggesting RSWS (Figure 1).

 The elevated plasma renin, aldosterone, and ADH and 
low normal atrial natriuretic peptide levels are all physiologic 
consequences of RSWS.2-5 However, the extent of Extracellular 
Volume (ECV) depletion in RSWS seems to depend on the se-
verity of renal dysfunction of sodium reabsorption. Furthermore, 
physical assessment of ECV is limited, which leads to a therapeu-
tic dilemma: to restrict water for SIADH or to administer isotonic 
saline in RSW, especially in mild RSWS with normal to slightly 
depleted ECV, as in the present case.

 Previous studies showed that no increase in tubular en-
zymes (β2-microglobulin or N-acetyl-β-glucosaminidase (NAG)) 
was found in patients receiving CBDCA up to 520mg/m2,7,12 but 
data on patients who developed CBDCA nephrotoxicity is un-
available. Santana et al. reported that 40% of patients receiving 
high-dose CBDCA and VP-16 with autologous marrow transplan-
tation with relapsed solid tumours had hyponatremia,13 but no rea-
son was given.

 To the best of our knowledge, only two cases of RSWS 
associated with CBDCA have been reported with14 or without15 

elevation of tubular enzymes, as can be seen with tubular dam-
age. The main mechanism of nephrotoxicity due to CDDP has 
been reported to be damage of the proximal tubules that process 
the Organic Cation Transporter (OCT2), which serves as a criti-
cal transporter for CDDP uptake in both animals and humans,16,17 

resulting in renal wasting of sodium, urate, or phosphate. Mean-
while, the CBDCA has no interaction with human OCT2 and re-
duces their entry into renal tubular cells.16,17 Therefore, the precise 
mechanism of CBDCA nephrotoxicity is unknown, but another 
unknown transporter-mediated process or passive diffusion might 
be associated with renal dysfunction.

         The present case had mild impaired renal dysfunction on 
admission (FEurate>10%), which would be derived from tubular 
damage due to either the antecedent 5 cycles of chemotherapy 
with CDDP plus VP-16 (5th cycle was completed 3 months ear-
lier) or the latest chemotherapy (3 weeks earlier) with CBDCA 
plus VP-16. Most previous cases of RSWS due to CDDP occurred 
from a few days to 10 days after completion of the chemotherapy 
and renal function recovered within the next three weeks.18,19 Thus, 
in the present case, the CBDCA seemed to be attributed to renal 
damage, and the renal dysfunction recovered at day 10 along with 
normalized FEurate or serum sodium. Sleijfer et al.9 reported that 
cumulative dose of CBDCA cause considerable loss of renal func-
tion with no increase in tubular enzymes or changes in the relative 
β2-microglobulin clearances, which might be have occurred in the 
present case.

          This case reminds us of the importance of the concept of 
“RSWS”, which is difficult to diagnose but treatable.
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ABSTRACT

Background: Given the potential adverse effects of asthma and Chronic Obstructive Pulmonary 
Disease (COPD), this study was undertaken to explore Alpha-1 Antitrypsin (AAT) polymor-
phism in the Egyptian population and its role in the development and/ or progression of asthma 
and COPD. The identification of IL-10 as a potential modifier gene for COPD susceptibility 
provided insight into additional inflammatory pathways to consider in AAT deficiency. 
Methods: This study was carried on 90 unrelated Egyptians; 37 asthmatics, 33 COPD patients 
and 20 controls. Patients were evaluated clinically and with spirometry. The frequency of AAT 
gene polymorphism was assessed by real-time PCR. Serum levels of AAT protein, IL-10 and 
IgE were estimated.
Results: PiZ allele was found in COPD and asthma patients as well as controls. While PiS 
allele was never shown up in all the groups. The prevalence of PiZ was higher in asthma and 
COPD than in controls (75.75%, 72.7% and 50% respectively). Serum AAT was significantly 
decreased in patients with asthma and COPD. Patients with the PiZ allele, despite having lower 
values of the serum AAT, this difference was not significant. Serum AAT was significantly cor-
related with severity of airflow obstruction in both asthma and COPD. There was a significant 
elevation of serum IgE in COPD patients carrying PiZ allele. Serum IL-10 was significantly 
higher in asthma and COPD patients than the controls. There was a positive significant correla-
tion between IL-10 and IgE in COPD patients. 
Conclusion: The z allele frequency in the Egyptian population is higher among asthmatic and 
COPD patients, suggesting that it could in fact be an underlying hidden risk factor for the 
development of these diseases. Asthmatics carrying this deficient allele have a genetic predis-
position for progressing to COPD. Genetic counselling of patients having obstructive airway 
diseases is very important for diagnosis, prognosis and treatment. 

KEYWORDS: Αlpha-1 antitrypsin deficiency; AAT gene polymorphism; Heterozygous PiMZ; 
Asthma; COPD; IL-10; IgE; Obstructive lung diseases.
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ABBREVIATIONS: AAT: Alpha 1 antitrypsin; PI: Proteinase In-
hibitor; COPD: Chronic Obstructive Pulmonary Disease; NE: 
Neutrophil Elastases.

INTRODUCTION

 Αlpha 1 antitrypsin (AAT) deficiency is a hereditary 
autosomal disorder, resulting from a variety of mutations in the 
alpha1-AT gene and associated with a high risk for the devel-
opment of early-onset pulmonary emphysema.1 AAT is a highly 
polymorphic protein with more than 70 variants, known as Pro-
teinase Inhibitor (PI) types. The Pi M allele and its serum sub-
types are the most common of the normal alleles.2 The Pi Z is the 
commonest allele for the homozygous (PiZZ) severe deficiency 
that significantly increases the susceptibility to lung function 
loss and emphysema in smokers and non-smokers. PiMZ, the 
heterozygous condition, carries only a slightly higher indepen-
dent risk of obstructive lung disease. The inheritance of an in-
termediate deficiency state such as PiSZ leads to intermediate 
susceptibility.3 AAT has a function of protecting the pulmonary 
parenchyma from the effects of Neutrophil Elastases (NE) which 
are potent destructive proteases. In case of AAT deficiency, a 
gradual destruction of the pulmonary tissue occurs, resulting 
finally into Chronic Obstructive Pulmonary Disease (COPD), 
emphysema and early death.4-5 Along with the enhanced suscep-
tibility to the development of Chronic Obstructive Pulmonary 
Disease (COPD) there may also be an enhanced susceptibility 
to asthma. Asthma is the most common respiratory diagnosis in 
patients with AAT Deficiency (AATD) prior to the diagnosis of 
AATD.6 

 Asthma and Chronic Obstructive Pulmonary Disease 
(COPD) are the most common obstructive lung diseases. They 
are both characterized by airway remodelling and chronic in-
flammation. Genetic factors play an important role in the devel-
opment of these diseases, which has prompted much research 
to identify the underlying disease susceptibility genes.7-8 Given 
the potential adverse effects of asthma and COPD, this study 
was undertaken to explore AAT polymorphism in the Egyptian 
population and to elucidate the possible role of the Pi S and PiZ 
AAT alleles in the development and/ or progression of asthma 
and chronic obstructive pulmonary disease. The identification of 
IL-10 as a potential modifier gene for chronic obstructive pul-
monary disease susceptibility provided insight into additional 
inflammatory pathways to consider in alpha1-antitrypsin defi-
ciency.9 Therefore, we estimated the serum level of AAT protein, 
IL-10 and IgE in our studied groups.

SUBJECTS AND METHODS

 This study was conducted on 90 unrelated Egyptian 
persons, who were divided into three groups; group1 included 
37 asthmatic patients, group 2 included 33 COPD patients, and 
group 3 included 20 normal subjects as control.

 Asthmatic patients were diagnosed according to the 
standard clinical presentation and spirometry. Asthmatic patients 
exhibited a positive airway reversibility test, as defined by a post 
bronchodilator improvement of Forced Expiratory Volume in 
one second (FEV1) by more than 12% and 200ml.10

 The diagnosis of COPD was based on the definition 
provided by the Global initiative for chronic Obstructive Lung 
Disease (GOLD), which is characterized by a post-bronchodila-
tor Forced Expiratory Volume in one second (FEV1) to Forced 
Vital Capacity (FVC) ratio of < 70% and a post bronchodilator 
reversibility of <12% and 200 ml.11 

 The control group included normal subjects who were 
recruited from the general population and had no respiratory 
symptoms, and no evidence of airflow obstruction. They were 
excluded if they had a history of atopy, an acute pulmonary in-
fection in the 4 weeks preceding assessment for the study, or a 
family history of asthma or COPD. All the cases and controls 
were unrelated Egyptian people who were selected from the 
same population. The cases were recruited from the inpatient 
and the outpatient clinic of the chest diseases department, Alex-
andria main university hospital. All subjects were enrolled in the 
study after a written informed consent according to the protocol 
approved by the Ethics Committee of the Alexandria Main Uni-
versity Hospital.12 

Quantitative determination of Immunoglobulin E

 Measurement of Immunoglobulin E (IgE) by The Elec-
trochemi-luminescence immunoassay (ECLIA) technique based 
on the sandwich principle. It was used on Elecsys and (cobas e) 
immunoassay analyzers (Roche Diagnostics GmbH, Mannheim, 
Germany). Using the mean absorbance value for each sample 
determine corresponding concentration of Total IgE in IU/ml 
from the standard curve.13

Quantitative determination of AAT level

 Measurement of Αlpha 1 antitrypsin(AAT) serum level 
by Radial Immune Diffusion (RID) plates (BIOCIENTIFICA 
S.A., Buenos Aires-Argentina).14

Quantitative determination of serum level of Interleukin-10

 Measurement of plasma IL-10 was done by Enzyme-
Linked Immunosorbent Assay (ELISA) method. Avi Bion-Hu-
man IL-10 ELISA Kit was used (Orgenium Laboratories-Vantaa, 
Finland).15

Genotyping

 Genomic DNA was isolated from 300 μL of whole 
venous blood using QIAamp DNA Mini and Blood Mini
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kit(QIAGEN, HILDE, GERMANY). Real-time PCR mutation 
detection by allelic discrimination snpsig kit (Primer Design® 
Ltd), (Applied Biosystems Corporation) - California, USA. After 
optimizing the thermal cycling conditions, the reaction plate was 
loaded into the thermal cycler (Rotor–Gene Q, Applied Biosys-
tems). The genotype of each sample is calculated by comparing 
the ratio of signals between the two channels (ROX and VIC).

STATISTICAL ANALYSIS

 Data were collected, tabulated, then analyzed using 
SPSS version 13. Qualitative data were presented as numbers 
and percentage. Quantitative data were described using mean 
and standard deviation. Comparison between different groups 
regarding categorical variables was tested using Chi-square test. 
For normally distributed data, comparison between COPD, asth-
ma and control groups were done using F-test (ANOVA) and 
pair wise comparisons; between each two groups was assessed 
using Post Hoc test (Scheffe), while for abnormally distributed 
data comparisons between the three groups were done using 
Kruskal Wallis test and pair wise comparisons was done using 
Mann Whitney test. Also the comparisons between mutant and 
wild cases in COPD or asthmatic groups was done either with 
Student t-test or Mann Whitney according to the normality of 
data. Significance test results are quoted as two-tailed probabili-
ties. For all statistical tests, a p-value of <0.05 was considered 
significant.

RESULTS

Characteristics of the studied groups

 The characteristics of the three studied groups are pre-
sented in table 1. There was a significant positive family his-
tory in asthmatic patients in comparison to the COPD group 
(p<0.001). However, the airway obstruction was more severe in 
the COPD group than the asthmatic patients as measured by the 
FEV1/FVC (p=0.017).

Comparison between the three studied groups according to se-
rum IgE, AAT and IL-10 levels (table 2)

 Serum IgE was significantly elevated in the asthmatic 
group in comparison to the COPD and control groups (p≤ 0.001 
for both). Also it was elevated in the COPD group in comparison 
to the control group (p ≤ 0.01). (Table 5)

 Serum AAT was significantly lower in the COPD and 
the asthmatic group in comparison to the control group at p ≤ 
0.01 and ≤ 0.05 respectively.

 IL-10 was significantly higher in the COPD and the 
asthmatic group in comparison to the control group at p ≤ 0.01 
and ≤ 0.05 respectively.

Correlation between different parameters in COPD group (table 
3)

 In the COPD group, the serum AAT was positively cor-
relation with FEV1, FVC and FEV1/FVC (P< 0.001, 0.001 and 
0.004 respectively). Concerning the IL-10, it was positively cor-
related with IgE (P<0.001).

Correlation between different parameters in asthma group (ta-
ble 4)

 In the Asthma group, the AAT revealed positive sig-
nificant correlation with FEV1, FVC and FEV1/FVC. (p =0.034, 
0.031 and 0.014 respectively). Also, IL-10 showed positive sig-
nificant correlation with FEV1, FVC and FEV1/FVC (P =0.020, 
0.017 and 0.049 respectively).

Asthmatic 
ptients

COPD pa-
tients

Control 
subjects P

Subjects (n) 37 33 20

Age (years) 40.86 ± 13.52 61.27 ± 11.31 32.60 ± 5.66 <0.001*

Sex M/F (%) 43/57 64/36 75/25 NS

Positive family 
history n(%) 16(43%) 1(3%) <0.001*

Current smoking 10(27%) 11(36%) 6(30%) NS

FEV1 % predicted 51.0 ± 14.0 50.06 ± 10.73 NS

FVC% predicted 65.05 ± 13.60 64.58 ± 7.69 NS

FEV1/FVC 63.86 ± 12.30 57.55 ± 8.69 0.017*

M=Male F=Female n, number, NS= not significant
 *: Statistically significant at p < 0.05

Table 1: Characteristics of the studied groups

COPD 
(n=33)

Asthma 
(n=37)

Control 
(n=20) χ2 p

IgE (Iu/ml)

Mean ± SD. 112.18 ± 160.50 336.99 ± 370.34 29.20 ± 11.45 45.087* <0.001*

Pairwise 
comp. I-II***, I-III**, II-III***

AAT (mg/dl)

Mean ± SD. 94.65 ± 33.31 101.96 ± 44.75 123.82 ± 33.09 8.099* 0.017*

Pairwise 
comp. I-III**, II-III*

IL-10 (pg/ml)

Mean ± SD. 4.25 ± 2.37 4.14 ± 2.62 2.76 ± 0.41 8.460* 0.015*

Pariwise 
comp. I-III**, II-III*

χ2: Chi square for Kruskal Wallis test
Pair wise comparison was done using Mann Whitney test
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01 
***: Statistically significant at p < 0.001

Table 2: Comparison between the three studied groups according to IgE, AAT and IL-10 serum 
levels
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Comparison between the three studied groups according to Z 
allele (PiZ) (table 5)

 The M wild type allele was found in 9 COPD patients 
(27.3 %) while the PiZ mutant type allele was found in 24 COPD 
patients (72.3 %). The M wild type allele with Z primers was 
found in 9 asthma patients (24.3 %) while the PiZ mutant type 
allele was found in 28 Asthma patients (75.7%).

 In the control group the percentage of wild and mutant 
types of PiZ allele was 50% for both types.
  
 This variation among the three groups was not statisti-
cally significant. The only significant difference was observed 
between Asthma group and control group (P=0.049) concerning 

wild and mutant type of PiZ (Table 5). 

Comparison between the patients’ group and the control group 
according to PiZ (table 6)

 When grouping the COPD and asthmatic patients in a 
single group and comparing them to the control group we found 
that the patients’ group presented more with the mutant type of 
PiZ than the control group (p= 0.039).

Relationship of the PiZ allele with different clinical and labora-
tory parameters in COPD and asthma group (table 7)

 Patients carrying the mutant PiZ allele in the asthma 
group didn’t reveal any significant difference in the clinical or 
laboratory parameters in comparison to patients with wild type. 
However, in the COPD group, we found that COPD patients 
with the PiZ mutant allele had a significantly higher serum IgE 
(P = 0.015) in comparison to patients with wild type.

DISCUSSION

 Αlpha-1 antitrypsin deficiency (AATD) is a hereditary 
recessive autosomal disease caused by mutations in the AAT 
gene. This disease is characterized by abnormally low AAT con-
centrations in plasma.16 The clinical manifestations of AATD

IgE AAT IL-10

FEV1

r -0.081 0.537* 0.021

p 0.655 0.001 0.907

FVC
r -0.083 0.531* -0.027

p 0.646 0.001 0.881

FEV1/FVC
r -0.106 0.494* -0.066

p 0.558 0.004 0.714

IgE
r 0.099 0.603*

p 0.583 <0.001

AAT
r 0.236

p 0.186

r: Pearson or Spearman coefficient
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01 
***: Statistically significant at p < 0.001

Table 3: Correlation between different parameters in COPD group

IgE AAT IL-10

FEV1

r 0.196 0.349* 0.381*

p 0.246 0.034 0.020

FVC
r 0.263 0.354* 0.392*

p 0.116 0.031 0.017

FEV1/FVC
r 0.248 0.401* 0.326*

p 0.139 0.014 0.049

IgE
r 0.289 -0.059

p 0.083 0.730

AAT
r -0.104

p  0.539

r: Pearson or Spearman coefficient
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01
***: Statistically significant at p < 0.001

Table 4: Correlation between different parameters in asthma group

COPD 
(n=33)

Asthma 
(n=37)

Control 
(n=20) χ2 p

No. % No. % No. %

PiZ

Wild type (M) 9 27.3 9 24.3 10 50.0

4.352 0.114
Mutant type 
(PiZ)

24 72.7 28 75.7 10 50.0

p1 0.140 0.049*

p2 0.778

χ2: Chi square test
p1: p value for Chi square test for comparing between control and each patient group
p2: p value for Chi square test for comparing between COPD and Asthma group
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01
***: Statistically significant at p < 0.001

Table 5: Allele frequency in the three studied groups according to PiZ

Cases (n=70) Control (n=20)
χ2 p

No. % No. %

PiZ

Wild type (M) 18 25.7 10 50.0

4.281* 0.039*
Mutant type (PiZ) 52 74.3 10 50.0

χ2: Chi square test
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01
***: Statistically significant at p < 0.001

Table 6: Comparison between the allele frequency in the patients and control group according 
to PiZ
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vary widely among individuals, ranging from asymptomatic in 
some to fatal liver or lung disease in others. The lung manifesta-
tions of AATD include emphysema, chronic bronchitis, chronic 
obstructive pulmonary disease (COPD), bronchiectasis, and 
asthma.17

 

 AATD has been identified in all population groups 
worldwide. The MM phenotype includes the individuals who 
are homozygotic for the normal M allele and have a normal con-
centration of AAT in the plasma enabling the adequate antpro-
tease protection, while the ZZ phenotype includes the individu-
als homozygotic for the Z allele which is responsible for 95% of 
severe alpha1-AT deficiency. The role of a moderate AAT (MZ 
and SZ genotypes), and MM deficiency is less clear. Some au-
thors think the role of AAT deficiency in COPD might have been 
overestimated.18

 To study the AAT deficiency, we performed genotyp-
ing of the AAT gene to detect any polymorphism and assess its 
frequency. In addition, the serum AAT protein level was esti-
mated.

 There are extensive data in the literature on the preva-
lence of the two most common deficiency alleles, corresponding 
to PiS and PiZ variants, in countries all over the world. Preva-
lence of AAT deficiency varies from one country to another and 
knowledge about the AAT deficiency status in every country is 
essential. AAT deficiency is mostly prevalent in European coun-
tries with high frequencies in Spain and Portugal.19

 To our knowledge, there are no available data about the 
AAT deficiency status in our country. Also Edwin and Robert 
showed that, AAT deficiency remains undiagnosed in many pa-
tients, and there are often long delays between the onset of respi-

ratory symptoms and diagnosis, and the condition is frequently 
not diagnosed.20 Therefore we sought to uncover any underlying 
mutations of the alpha1-AT gene in our population and their role 
in the predisposition to COPD or asthma.

 The results of the study showed that PiZ allele was 
found in COPD and asthma patients as well as controls. While 
PiS allele was never shown up in all the groups. Moreover, the 
prevalence of PiZ was higher in asthma and COPD than in con-
trols (75.75%, 72.7% and 50% respectively), suggesting that the 
presence of this deficiency allele could in fact be an underlying 
hidden factor that increased the susceptibility to the develop-
ment of these diseases in our population.

 In this study, the PiZ allele was detected in the heterozy-
gous state in Asthma and COPD patient. The role of potential 
deficiency genotypes other than PiZZ remains controversial in 
the pathogenesis of COPD. In particular, the involvement of MZ 
and other genotypes that do not lead to severe AAT deficiency 
are of interest in the susceptibility to COPD.

 We have observed a decreased serum level of AAT in 
patients with asthma and COPD these results are in agreement 
with other studies carried by various workers.21-24 However, pa-
tients with the PiZ allele, despite having lower values of the se-
rum AAT than those with the wild type, this difference was not 
statistically significant, which might need a larger studied popu-
lation to demonstrate a statistically significant difference. The 
AAT plasmatic concentration may vary in the patient’s sample 
with other physiological or pathological states like age, asthma 
duration, an acute bronchial inflammation and/or the corticoid 
treatments.25,26

 Moreover, some reported data suggest that besides the 
AAT deficiency, smoking, atopic constitution and other factors 
may also contribute to the progression of pulmonary lesions 
which might explain this lack of statistical significance due to 
the interplay of several factors.18

 We have found that the serum concentration of AAT 
was significantly correlated with the severity of airway obstruc-
tion in both asthmatic and COPD patients. In their study, Eden 
et al. suggested that individuals with AATD lack a major anti 
protease defence against airway inflammation; they are more 
susceptible to allergen-mediated asthma and consequent pro-
gressive airway obstruction. Such patients may be candidates for 
measures aimed at reducing the impact of environmental aeroal-
lergens.27

 The monitoring of these patients with wide-range lung 
function variations should provide an additional insight into the 
origin and pathogenesis of obstructive lung diseases correlated 
to the AAT deficiency.

COPD Asthma
M Wild
type allele 
(n = 9)

PiZ Mutant 
allele 
(n = 24)

M Wild
type allele 
(n = 9)

PiZ Mutant 
allele 
(n = 28)

IgE

Mean±SD. 35.63 ± 29.07 140.89 ± 179.98 269.84 ± 256.16 358.58 ± 401.80

Z (p) 2.426* (0.015*) 0.637 (0.524)
AAT

Mean ± SD. 104.12 ± 26.48 91.10 ± 35.38 107.69 ± 42.60 100.13 ± 46.02

Z (p) 1.497 (0.135) 0.673 (0.501)

IL-10
Mean ± SD. 4.13 ± 1.97 4.29 ± 2.55 3.87 ± 1.56 4.23 ± 2.90
Z (p) 0.101 (0.919) 0.071 (0.943)

t: Student t-test
Z: Z for Mann Whitney test
*: Statistically significant at p < 0.05
**: Statistically significant at p < 0.01
***: Statistically significant at p < 0.001

Table 7: PiZ allele distribution according to IgE, AAT and IL-10 in each group of patients
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 Asthma and COPD have long been considered to be 
separate disease entities due to their different clinical pheno-
types. There are, however, similarities in the types of inflamma-
tory cells observed in the airways of patients with these diseases, 
and cytokines secreted by these types of cell interact as a net-
work of inflammatory mediators.28

 Considering the important role of cytokines in COPD 
and asthma, it is necessary to define the IL-10 as an inflammato-
ry mediator. IL-10 has pleiotropic effects in immune regulation 
and inflammation. In addition, IL-10 has been known to inhibit 
the lymphokine production by Th1 but not Th2 clones and down 
regulate the Th1 cell differentiation.29-31

 The results of the present study showed that the levels 
of IL-10 in patients of Asthma and COPD are significantly high-
er than the control group (P ≤ 0.001). The elevated level of IL-10 
in the serum of asthma subjects indicated an increase in Type-2 
activity through which the production of IL-4 and IL-13 may 
promote an isotype switch to IgE. Thus, a prominent shift in pa-
tient’ cytokine milieu from Type-1 to Type-2 may have resulted 
in the elevated levels of total IgE which was also demonstrated 
in our asthma and COPD patients.

 There have been conflicting reports in literature on the 
levels of IL-10 in asthma patients. Kumar et al., showed that the 
levels of IL-10 in patients of asthma increased significantly (P = 
0.001) in comparison to controls, he also found an increase in a 
big panel of cytokines (IL-1β, IL4, IL5, IL6, IL8) and he pos-
tulated that; these observations emphasized the fact that there is 
a complex series of inflammatory events in this disorder where 
eosinophils and neutrophils play interactive roles.21

 However, Takaashi et al., in their study on Japanese 
subjects reported reduction in IL-10 level in sputum of bron-
chial asthma and in normal smokers as compared to healthy 
non-smokers.32 In a study carried out by Ceyhan et al., IL-10 
in sera and induced sputum of asthma patients were found to be 
unaltered.33

 Moreover, a study was done by Bhadoria et al. on in-
flammatory cytokines in Indian COPD patients, the study was 
undertaken for a cytokine profile including IL-10 and other cy-
tokines (IL-1β, IL-4, IL-5, IL-6, IL-8) which showed a marked 
significant increase in serum concentration of IL-10 and the other 
cytokines in COPD patients compared to healthy controls. This 
pattern of serum cytokines indicates a switch of type-1 to type-2-
cytokine predominance that may result in enhanced synthesis of 
IgE creating a systemic inflammatory response.34 This is further 
supported by our finding of a positive significant correlation be-
tween IL-10 and IgE levels in COPD patients (P<0.001).

 Also we found that the COPD patients carrying the 

mutant allele PiZ had a significantly higher levels of serum IgE 
(p=0.015) which might indicate that asthmatic patients carrying 
this deficient allele might have a genetic predisposition for pro-
gressing to COPD.

 The development of asthma in patients with AATD may 
have additive long-term effects on the development of irrevers-
ible airway obstruction and emphysema. In this regard, both an 
increased serum IgE titer and atopy have been associated with 
the development of chronic obstructive lung disease.27

 An increased serum IgE level is also not specific for 
asthma. It is associated with cigarette smoking,35 and may be 
a marker of airway inflammation.27 However, it is unlikely that 
smoking was the causative factor in our study, since the propor-
tion of current smokers in the COPD and the control groups did 
not show significant difference. In addition, there was no signifi-
cant difference between smokers and non-smokers in mean total 
serum IgE concentrations. Therefore, airway inflammation or 
underlying asthma is a more likely cause of the increased mean 
serum IgE in COPD patients with the mutant allele PiZ.

 Over the long term, asthma may have an adverse impact 
on lung function in persons with AATD. Chronic bronchial-wall 
inflammation could result in structural remodelling that leads to 
irreversible narrowing of airways. In this regard, Villar and co-
workers reported that atopy and bronchial responsiveness in el-
derly, former and current smokers, predisposes to an accelerated 
decline in FEV1.

36

 A significant proportion of patients with severe AATD 
and advanced emphysema show clinical features of asthma, and 
asthma appear to be more common in patients with this condi-
tion than in those with COPD and a normal Pi phenotype. The 
increased serum IgE level indicates that allergic mechanisms 
could contribute to the development of chronic airway obstruc-
tion. It is suggested that because individuals with AATD lack a 
major anti protease defence against airway inflammation, they 
are more susceptible to allergen-mediated asthma and conse-
quent progressive airway obstruction.37 In addition, increasing 
the concentration of AAT in these patient’s airways might ame-
liorate the effect that environmental factors have on them.27

 

 In conclusion, this study demonstrated that the z al-
lele frequency in the Egyptian population is higher among the 
asthmatic and COPD patients, suggesting that it could in fact 
be an underlying hidden risk factor for the development of 
these diseases. The early identification of this mutant allele and 
other polymorphisms presents predictive and therapeutic av-
enues in the context of obstructive airway diseases. Asthmatics 
carrying this deficient allele have a genetic predisposition for 
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progressing to COPD. Genetic counseling of patients having ob-
structive airway diseases is very important for diagnosis, prog-
nosis and treatment.
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ABSTRACT

 Recurrence after lung cancer surgery is high, even among Non-Small Cell Lung Can-
cer (NSCLC) adenocarcinoma patients diagnosed early as Stage I, where there has been no 
spread to lymph nodes. Understanding the biological underpinnings of aggressivity and recur-
rence in this subset of tumours may enable the identification of patients who would benefit from 
adjuvant therapy. The purpose of this study was to identify differentially expressed molecular 
biomarkers that might underlie recurrence of Stage I tumours by comparing gene expression 
in later-stage tumours with those expressed in early-stage tumours. Gene expression in tissue 
biopsy samples from five Stage I and five Stage II/III NSCLC adenocarcinoma patients was 
analysed using an oligonucleotide microarray containing 17,000 probes printed in duplicate. 
Analyses were performed on total RNA isolated from tumour tissue of each patient using uni-
versal human RNA as a reference. Compared to normal tissues, the transcriptome of Stage I 
NSCLC adenocarcinomas showed enrichment in general pathways in cancer, whereas in Stage 
II/III more specific cancer pathways such as focal adhesion and ECM-receptor interaction path-
ways were enriched and components of the PPAR signalling pathway were depleted. Relative 
to early-stage NSCLC, Stage II/III adenocarcinomas showed up-regulation of genes of the ba-
sic transcriptional and translational machinery, particularly the “cancer testis antigen” PASD1 
transcription factor. The actin cytoskeleton re-organisation and interleukin-6 pathways were 
also up-regulated whereas there was a generalized down-regulation of immune effectors and 
genes involved in immune system development. This small-scale transcriptome study provides 
important information about the pathways and molecules likely to be involved in the more 
metastatic propensity of those Stage I NSCLC adenocarcinomas that recur.

KEYWORDS: Adenocarcinoma; Biomarkers; Microarray; Non-small cell lung cancer; Recur-
rence; Transcriptome.

ABBREVIATIONS: MMP: Matrix Metalloproteases; NSCLC: Non-Small Cell Lung Cancer; 
WG: Web Gestalt.
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INTRODUCTION

 Lung cancer remains the leading cause of cancer-related 
death worldwide accounting for over a quarter (27%) of all can-
cer deaths each year.1 Non-Small Cell Lung Cancer (NSCLC) 
comprises ~80% of all lung cancers, and the majority of patients 
are diagnosed at an advanced stage that is associated with a poor 
clinical outcome and low survival (<16% overall 5-year surviv-
al.1 Even for patients classified as Stage I, the rate of post-opera-
tive recurrence is high, with a 5-year survival of only 52%. Risk 
factors for completely resected Stage IA tumours include poor 
differentiation, vascular invasion, wedge resection and minimal 
margins.2 Existing methods of classification and staging such as 
Tumour, Node, Metastasis (TNM)3 have great prognostic util-
ity; however, patients with tumours of identical histology, dif-
ferentiation, location and stage classifications may differ widely 
in their survival time or response to therapy.4 Misclassification 
of Stage I tumours can occur when lymph node metastases are 
small and escape detection. There is a need to incorporate mo-
lecular profiling with standardized criteria from radiology and 
medical oncology into the classification of NSCLC.5 Character-
ization of the basic underlying molecular alterations that occur 
during progression of early-stage NSCLC is urgently needed.

 Various approaches have been attempted to aid in 
the classification, diagnosis and prognosis of NSCLC, includ-
ing assessment of cells and nucleic acids (DNA, mRNA and 
microRNA) in sputum, bronchial biopsies, bronchial washing 
and brushing specimens, bronchial lavage fluid, blood, pleural 
effusions and solid tumour biopsies.6 Several cellular tumour 
markers have shown potential in predicting survival in NSCLC.7 

Positive immunohistochemical staining of mTOR has been pro-
posed as a marker of poor outcome in early stage NSCLC.8 Apo 
lipoprotein E is over-expressed in lung adenocarcinomas with 
malignant pleural effusion and is associated with poorer survival 
in these patients.9 SOX2 is over-expressed in the subset of Stage 
I adenocarcinomas from patients with poorer outcome and may 
help predict recurrence.10

 Circulating plasma nucleic acid is elevated in lung can-
cer patients relative to controls and when detected at the time of 
diagnosis has been shown to be prognostic for poorer survival.11 

RT-PCR assays have detected KRT19 and TTF-1 mRNA12 and 
TRIM2813 transcripts in peripheral blood of NSCLC patients, in-
dicative of circulating tumour cells. However, circulating nucle-
ic acid markers lack organ specificity, have poor sensitivity and 
there is often overlap between markers originating from benign 
and malignant tumours.

 Transcriptome analyses have proved useful in the di-
agnosis and prognosis of NSCLC. The transcriptomic signature 
differs between malignant, normal and lung metastatic tumours 
of non-pulmonary origin. In addition, transcriptomics can be 
used to distinguish between different histological subtypes and 

stages of lung cancer, to improve prediction of clinical outcome 
and response to therapy.14 However, recent reviews of transcrip-
tomic studies found that there was little consensus when it came 
to prognostic signatures,2,14 although a meta-analysis of seven 
different microarray studies did reveal a set of 64 genes whose 
expression was associated with survival of Stage I NSCLC pa-
tients.15 Most biomarker studies in NSCLC comprise patient 
cohorts including all stages and/or all histological subtypes of 
lung cancer;16 there are few microarray studies only comparing 
patients with early stage adenocarcinoma.17-18 One recent study 
compared three Stage IA and thirteen Stage IB NSCLC samples 
and found there was only one down-regulated gene (DSG3; des-
moglein3) that discriminated between them.19

 Biomarkers that predict metastatic potential of NSCLC 
at an early stage could significantly improve survival by identi-
fying patients at high risk for recurrence and/or metastasis who 
may benefit from adjuvant chemotherapy.20 Since the pattern 
of gene expression in higher stage tumours can be informative 
for predicting risk of recurrence in Stage I tumours,21 we per-
formed a pilot study that compared the transcriptomic profiles of 
tumours from patients with Stage I and Stage II/III adenocarci-
noma and related these findings to the biological processes that 
may be involved in early recurrence/metastasis.

MATERIALS AND METHODS

Study population

 Patient biopsy samples from five Stage I (with no 
lymph node involvement) and five Stage II/III (with lymph node 
involvement) patients were selected from the Queen Elizabeth 
II Health Sciences Center Lung Tumour Bank based on the fol-
lowing criteria: adenocarcinoma, age >45 years; all but one were 
current or past smokers (Table 1).

 This study was approved by the Capital Health Re-
search Ethics Board (CDHA-RS/2004-336), and all participat-
ing individuals signed informed consent.

ID Stage Age Gender Smoking Status Recurrence

L202 IB 76 Male Current no

L218 IA 65 Male Past yes

L252 IA 81 Male Past no

L272 IA 79 Female Past no

L278 IA 69 Male Past no

L229 IIA 66 Male Past yes

L240 IIA 74 Male Past no

L258 IIIA 45 Male Never no

L262 IIA 76 Female Past no

L300 IIB 54 Female Past no

Table 1: Patient characteristics and samples used for transcriptome analysis.
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RNA extraction

 Frozen lung tissue (50 mg) was pulverized in a Multi 
Sample Bio Pulverizer (BioSpec) and homogenized in 1 mL 
TRIZOL® (Life Technologies) using a FastPrep®24 (MP Bio-
medical). Total RNA was extracted according to the manu-
facturer’s protocol, treated with TURBO DNase (Applied Bio 
systems), purified with the Total RNA Purification Kit (Norgen 
Biotech Corp.) and quantified on a NanoDrop-1000 (Nano Drop 
Products).

Microarray analysis

 Equal amounts (1 μg) of Universal Human RNA (Invit-
rogen) and lung tumor RNA samples were converted to oligo-
modified cDNA using the 3DNA Array 900 Kit (Genisphere). 
cDNA samples were co-hybridized at 56 oC for 16 h on an oli-
gonucleotide microarray containing 17,000 probes printed in 
duplicate (Atlantic Cancer Research Institute, Moncton, NB). 
A second hybridization was performed to bind the 3DNA Cap-
ture Regents, at 56 oC for 4 h. After washing, microarrays were 
scanned in an Axon GenePix 4200A scanner (Molecular De-
vices), gridded using GenePix software (version 6.0), and the 
.gpr output files were loaded into the ArrayPipe22 server at the 
National Research Council Halifax. Control spots and low qual-
ity spots were flagged, the remaining spots were background-
corrected using the limma normexp option with a cutoff of 50, 
intensity data were normalized using the limma loess sub grid 
option, and duplicate spot data were merged. Spots that had a 
normalized corrected intensity value of >100 in either channel 
1 or channel 2 were analysed using Limma’s empirical Bayes 
moderated t-test to identify spots that were significantly (p<0.05) 
differentially expressed between tumour and control reference 
RNA. Empirical Bayesian methods are used to provide stable 
results even when the number of arrays is small23 as in this study. 
The Student’s t-test module of MeV24 was then used to identify 
spots that were significantly differentially expressed between the 
Stage I and Stage II/III samples. Gene enrichment analysis to de-
termine signalling pathways and biological processes involved 
in early stage NSCLC progression was performed of genes that 
were greater than two-fold differentially expressed using Web 
Gestalt (http://bioinfo.vanderbilt.edu/webgestalt) and DAVID 
(http://david.abcc.ncifcrf.gov/).

RESULTS AND DISCUSSION

 In order to minimize effects of individual genetic 
differences and potential confounding signals that can arise 
from residual cancer cells in the normal tissue surrounding a 
tumours,25-26 RNAs from tumour samples were compared to con-
trol universal RNA rather than adjacent normal tissue and then 
differences in these expression ratios were compared between 
stages. After background correction, normalization and filtering, 
16752 genes could be compared in the microarrays from Stage I 
and Stage II/III NSCLC tumours. The data are available in GEO 

under the accession number GSE28956.

 In Stage I tumours, 647 genes were up-regulated and 
711 genes were down-regulated and in Stage II/III tumours, 868 
genes were up-regulated and 1051 genes were down-regulated 
more than two-fold relative to the control universal reference 
RNA (p<0.05; Supplemental Tables 1 and 2).

Genes differentially expressed in Stage I and Stage II/III NSCLC 
adenocarcinomas

 Cytokeratins are valuable markers of lung cancer and 
have long been used to differentiate between different sub-types 
of this cancer; more recently they have shown promise as prog-
nostic markers in lung cancer. They are major components of the 
cytoskeletal system and play a role in cell migration, invasion 
and metastasis. As expected, cytokeratins 7, 8, 16 and 19 (typical 
markers of NSCLC) were up-regulated in both stages relative to 
control universal reference RNA (Table 2; Supplemental Tables 
1 and 2).

 Interestingly, KRT19 was expressed almost two-fold 
higher in Stage II/III compared to Stage I NSCLC tumours. Con-
sistent with our results, high serum concentrations of KRT19 
fragments (CYFRA 21-1) are prognostic of poor outcome in 
adenocarcinoma and tumours from patients with high pre-op-
erative CYFRA 21-1 are larger and more poorly differentiated, 
indicative of a more aggressive nature.27

 Cellular adhesion molecules (CEACAM1, 5, 6, 7, 8) 
and extracellular matrix proteins (LAMB3, LY6D, OLFM4, 
PSG1, SFN, VCAN, COL1A1, NAPSB, PKP) were also highly 
expressed in tumours relative to normal. Adhesion pathways 
are associated with recurrence28 and elevated levels of extra-
cellular matrix proteins in the serum are associated with poor 
prognosis.29 A recent microarray study identified cell adhesion 
molecule 1 (CADM1) to be significantly associated with poor 
survival in NSCLC, particularly Stage I adenocarcinoma, and its 
prognostic value was verified by immunohistochemistry in tis-
sue microarrays.30 In our study CADM1 showed 3.2-fold higher 
expression in Stage 1 tumours than normal (Supplemental Table 
1). CEACAMs are important regulators of invasion and metasta-
sis and CEACAM6 inhibits cell-cell contact inhibition mediated 
by CEACAM1 in A549 lung adenocarcinoma cells,31 inducing 
cellular proliferation.32 CEACAM6 was up-regulated 37-fold 
in Stage I and 9-fold in Stage II/III tumours; interestingly, both 
CEACAM6 and surfactant proteins that it interacts with are tar-
gets of transcription factor TTF-133 and all are up-regulated.

 The putative oncogene RHEB34 plays a role in growth 
and cell cycle progression through the AKT/MTOR pathway; 
it was up-regulated over 14-fold in Stage II/III tumours. Induc-
tion of angiogenesis, one of the hallmarks of cancer, is a ma-
jor contributor to solid tumour development. CHI3L1, which
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promotes tumour angiogenesis35 and has been shown to be prog-
nostic for low survival in NSCLC,36,37 was up-regulated more 
than 10-fold in Stage II/III tumours and 6-fold in Stage I tu-
mours. Several galectins (LGALS), which are also implicated in 
tumour angiogenesis as well as progression, were up-regulated 
in tumours of both stages.

 The S100 family are calcium-binding proteins with 
varied roles in cancer invasion, metastasis and recurrence. They 
regulate a host of intracellular processes including enzyme ac-
tivities, components of cytoskeleton, motility and cell cycle. 
An earlier microarray study showed calcium-binding proteins 
S100P and S100A2, and trypsinogens TRY6 and PRSS3 to 
be correlated with progression to metastasis in NSCLC.20 In 
our study, expression of S100P  was more than 8-fold higher 
in both Stage I and Stage II/III tumours but S100A2 was up-
regulated only in Stage II/III tumours (5.3-fold). Other S100 
proteins such as S100A10, which is essential for migration of 
tumour-promoting macrophages into tumor sites,38 showed in-
creased gene expression in Stage II/III tumours. Although TRY6 

and PRSS3 trypsinogens were not differentially regulated in our 
study, matrix metalloproteases (MMPs) were dramatically up-
regulated in Stage I and Stage II/III tumours, particularly the 
latter. MMPs also play a crucial role in metastasis by degrading 
extracellular matrix thereby allowing cell migration. Proteomics 
and immunohistochemical staining have shown that members 
of the annexin family (ANX) promote cancer cell invasion and 
metastasis in cancer, particularly ANXA1, ANXA2, ANXA4 
and ANXA5.31 We found expression of ANXA1, ANXA2, and 
ANXA3 was higher in tumour tissue than normal.

 Many of the up-regulated genes in the Table 2 such as 
LY6D, GZMB, IL7R, CXCL9, CXCL17, MZB1, and LGALS4, 
may be derived from tumour-infiltrating immune cells. Such im-
mune genes may be prognostic in NSCLC, and IL7R and CXCR4 
were identified as key players in the tumour microenvironment 
by gene profiling.39 In our study, CXCR4 showed a 2.8-fold in-
crease in gene expression in Stage II/III tumours compared to 
Stage I. Interestingly, several of the genes were also included 
in a list of the top 20 up-regulated genes in the lung cancer

Stage I Stage II/III

Gene Ratio Gene Ratio

Carcinoembryonic antigen-related cell adhesion mol-
ecule 6 (CEACAM6) 37.65 Pregnancy specific beta-1-glycoprotein 1 (PSG1) 47.04

Stratifin (SFN) 25.71 Matrix metalloprotease 1 (MMP1) 19.64

Cytokeratin 16 (KRT16) 21.75 Cytokeratin 16 (KRT16) 17.35

Prostaglandin-endoperoxide synthase 2 (PTGS2; 
COX2) 21.42 Cytokeratin 19 (KRT19) 16.12

Olfactomedin 4 (OLFM4) 18.18 Ras homolog enriched in brain (RHEB) 14.46

Solute carrier family 6, member 14SLC6A14 16.81 FOS-like antigen 1 (FOSL1) 13.68

Lymphocyte antigen 6 (LY6D) 15.20 Steroid 5 alpha-reductase 2-like (SRD5A3) 13.45

Seizure related 6 (SEZ6L) 14.54 Marginal Zone B And B1 Cell-Specific (MZB1) 12.83

Serine protease inhibitor, clade B, member 5 (SER-
PINB5) 14.46 Serine protease inhibitor, clade B, member 5 (SERPINB5) 12.45

Granzyme B (GZMB) 11.78 Galectin 4 (LGALS4) 12.29

Pregnancy specific beta-1-glycoprotein 1 (PSG1) 10.50 Stratifin (SFN) 11.78

Laminin B3 (LAMB3) 10.49 Chemokine (C-X-C) ligand 17 (CXCL17) 11.42

Cellular retinoic acid binding protein 2 (CRABP2) 10.06 Oncostatin M receptor (OSMR) 10.34

Cytokeratin 8 (KRT8) 9.85 Chitinase-like 3 (CHI3L1; YKL40) 10.17

Cytokeratin 7 (KRT7) 9.50 TNF alpha-induced protein 2 (TNFAIP2) 9.77

Ligand dependent nuclear receptor corepressor (LCOR) 9.47 Neuromedin U (NMU) 9.71

Pleckstrin homology domain interacting protein (PHIP) 9.38
Carcinoembryonic antigen-related cell adhesion molecule 6 
(CEACAM6) 9.44

Forkhead box P1 (FOXP1) 9.07 Versican (VCAN) 9.36

Interleukin 7 receptor (IL7R) 8.67 Collagen, type I, alpha 1 (COL1A1) 9.25

Solute carrier family 12, member 2 (SLC12A2) 8.63 Cellular retinoic acid binding protein 2 (CRABP2) 9.24

Cytokeratin 19 (KRT19) 8.61 Laminin B3 (LAMB3) 9.19

CEP57L1 8.44 Napsin B (NAPSB) 9.17

S100 Ca++ binding protein P (S100P) 8.43 S100 Ca++ binding protein P (S100P) 8.89

Glutathione peroxidase 2 (GPX2) 8.02 X (inactive)-specific transcript (XIST) 8.71

Chemokine (C-X-C) ligand 9 (CXCL9) 7.96 Plakophilin 3 (PKP) 8.57

Table 2: Top 25 up-regulated genes in Stage I and Stage II/III NSCLC adenocarcinomas relative to control RNA (identified using Limma’s empirical Bayes moderated t-test 
at p<0.05).
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transcriptome derived by RNAseq.40 These included KRT16, 
MMP1, Plakophilin (PKP), and Cellular Retinoic Acid Binding 
Protein 2 (CRABP2), the latter of which was proposed as a puta-
tive biomarker for lung adenocarcinoma. There was also consid-
erable overlap with the down-regulated genes (data not shown). 
A recent RNASeq whole transcriptome study of six normal, ad-
enocarcinoma in situ and invasive adenocarcinoma samples also 
identified CRABP2 as up-regulated in adenocarcinoma in situ 
compared to normal lung,41 strongly implicating it in NSCLC 
progression.

Pathways differentially expressed in Stage I and Stage II/III 
NSCLC adenocarcinomas

 To correlate differential gene expression with the bio-
logical pathways that are affected, gene enrichment analysis was 
performed. For Stage I tumours (Table 3) two major up-regu-

lated KEGG pathways were identified: 34 genes in the cancer 
pathway and 13 in the more restricted small cell lung cancer 
pathway.

 For Stage II/III tumours, two additional more specific 
cancer pathways were implicated: ECM-receptor interaction 
and focal adhesion, indicating the increased emphasis on cell 
migration and invasion in the later stage tumours. These path-
ways included many structural proteins (collagens, integrins, 
laminins, actinin4 ACTN4, tenascin C) as well as signalling 
molecules such as ERBB2, thrombopsondins 2 and 3, WNT5B, 
KRAS, BIRC2, cyclin D1, MAP kinase 9, protein phosphatase 
1 PP1CA) and beta catenin (Supplemental Table 3). The effect 
on WNT, KRAS, PI3K-AKT, and MAPK signalling pathways 
would result in increased cell proliferation whereas increased 
ERBB2 signalling and anti-apoptotic protein BIRC2 would re-
sult in increased cell survival see Figure 1.

Table 3: Enrichment analysis using Web Gestalt (WG) and DAVID of differentially regulated genes in Stage I and Stage II/III NSCLC adenocarcinomas relative to 
control RNA. #, number of genes; p, p value

(A) 647 genes twofold up-regulated in Stage I.

     KEGG analysis # p DAVID p WG

Pathways in cancer 34 2.11E-06 3.29e-05

Small cell lung cancer 13 1.91E-04 9.0e-04

(B) 711 genes twofold down-regulated in Stage I. 

    KEGG analysis # p DAVID p WG

PPAR signaling pathway 15 1.98E-06 1.49E-05

Parkinson’s disease 18 6.24E-05 5.15E-05 

Ascorbate and aldarate metabolism 7 7.02E-05 2.0E-04

Drug metabolism 12 9.44E-05 4.0E-04

Pentose and glucuronate interconversions 7 1.01E-04 2.0E-04

Oxidative phosphorylation 17 2.55E-04 2.0E-04

Glycolysis / Gluconeogenesis 11 3.36E-04 1.0E-03

       Huntington’s disease 20 5.11E-04 7.0E-04

(C) 868 genes twofold up-regulated in Stage II/III. 

   KEGG analysis # p DAVID p WG

Pathways in cancer 43 1.07E-06 4.56e-06

ECM-receptor interaction 18 6.10E-06 5.66e-06

Small cell lung cancer 17 2.57E-05 3.23e-05

Focal adhesion 28 4.47E-05 3.23e-05

(D) 1051 genes twofold down-regulated in Stage II/III.

    KEGG analysis # p DAVID p WG

PPAR signaling pathway 14 1.67E-04 6.5e-03

Ascorbate and aldarate metabolism 7 2.96E-04 6.5e-03

Drug metabolism 12 8.99E-04 1.66e-02

Arginine and proline metabolism 11 9.33E-04 1.66e-02
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Figure 1: Focal adhesion pathway showing genes up-regulated in Stage II/III NSCLC adenocarcinomas relative to control RNA.  The underlying KEGG pathway was generated 
by DAVID and components of the pathway containing enriched genes are indicated by red stars. The relevant genes (blue boxes) are superimposed over it.

 In addition, up-regulation of ACTN4, PP1CA and DI-
APH1 gene expression would positively impact regulation of the 
actin cytoskeleton and cell motility.

 Both Stage I and Stage II/III tumours showed enrich-
ment in down-regulated genes involved in PPAR signalling and 
various metabolic pathways (Table 3). PPAR γ has been impli-
cated as a tumour suppressor in NSCLC, and xenograft models 
of lung cancer show that it inhibits lung tumour cell proliferation 
and growth through a variety of metabolic activities.42 Down-
regulation of the anti-tumour PPAR signalling may enhance the 
ability of NSCLC tumours to grow and metastasize. PPAR li-
gands are under development as potential therapeutic agents for 
lung cancer.42

Genes differentially expressed between Stage I and Stage II/III 
NSCLC adenocarcinomas

 Between Stage I and II/III tumours, there were 48 sig-
nificantly differentially regulated genes (26 up-regulated and 22 
down-regulated; p<0.01) (Figure 2; Supplemental Table 4).

Figure 2: Heat map of differentially regulated genes (p<0.01) between Stage I (blue bar) 
and Stage II/III (purple bar) adenocarcinomas. Individual tumor samples are represented 
in the columns and genes in the rows.  Red is up-regulated, green is down-regulated, and 
grey is missing data.
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 PASD1 exhibited the greatest up-regulation between 
groups (9.4-fold) whereas the remainder were between 1.4 and 
2.9-fold up-regulated. PASD1 is an immunogenic “cancer tes-
tis antigen” that is thought to function as a transcription fac-
tor and is associated with cancer of the small intestine, colon, 
lung, head and neck as well as hematopoietic malignancies.43 It 
shows promise as a target for immunotherapy against various 
hematopoietic cancers. PASD1 levels were significantly higher 
in H1299, a commonly used NSCLC cell line, than other cell 
lines44 and our results confirm that targeting it could also be a 
promising therapeutic approach in NSCLC. On the other hand, 
LCOR showed the greatest down-regulation (5.9-fold) between 
groups with the remaining 21 genes showing between 1.6 and 
4-fold down-regulation. LCOR is a ligand-dependent co-repres-

sor of various nuclear hormone receptors and has recently been 
shown to regulate transcription of CDKN1A, which encodes 
the cell cycle regulator p21, and the cell adhesion molecule, 
E-cadherin;45 reduced expression would promote transcription 
of cancer-related genes. Although this effect of LCOR on CD-
KN1A and E-cadherin has only been reported in cell lines and 
not yet for lung cancer, our studies suggest that this regulatory 
network is important in progression of NSCLC.

 At a less stringent cut-off (p<0.05), there were 373 sig-
nificantly differentially regulated genes between Stage I and II/
III tumours (178 up-regulated and 195 down-regulated; Supple-
mental Table 5) of which the top 25 are shown in Table 4.

Up-regulated Down-regulated

Gene Ratio Gene Ratio

Surfactant, pulmonary-associated protein A2 (SFTPA2) 9.94 Ubiquilin-like (UBQLNL) 0.006

PAS domain containing 1 (PASD1) 9.41 Zinc finger protein 367 (ZNF36) 0.15

Nuclear receptor co-activator 7 (NCOA7) 4.93 Ligand dependent nuclear receptor corepressor (LCOR) 0.17

Surfactant, pulmonary-associated protein D (SFTPD) 3.92 Keratin associated protein 21-1 (KRTAP21-1) 0.17

Matrix Gla protein (MGP) 3.37 Tescalcin (TESC) 0.18

Member RAS oncogene family (RAB2A) 3.33 Pleckstrin homology domain interacting protein (PHIP) 0.19

PHD finger protein 11 (PHF11), variant 2 3.19
Tumor necrosis factor receptor superfamily, member 6b, 
decoy (TNFRSF6B) 0.20

Src-like-adaptor (SLA), variant 3 3.06 Dihydrolipoamide branched chain transacylase E2 (DBT) 0.20

Synovial sarcoma, X breakpoint 1 (SSX1) 3.05 Family with sequence similarity 101, member B (FAM101B) 0.20

Tubulin, alpha 1a (TUBA1A) 3.04
Solute carrier family 52, riboflavin transporter, member 1 
(GPR172B) 0.20

Ras-related associated with diabetes (RRAD) 3.03
Solute carrier family 30 (zinc transporter), member 7 
(SLC30A7) 0.24

Keratin associated protein 19-2 (KRTAP19-2) 2.98 ATP/GTP binding protein-like 5 (AGBL5) 0.24

Heat shock protein 90kDa alpha (cytosolic), class A 
member 1 (HSP90AA1), variant 2 2.96 Solute carrier family 2, member 4 regulator (SLC2A4RG) 0.24

Archaemetzincins-2 (AMZ2), variant 1 2.94 Neuralized homolog (NEURL) 0.24

Ribosomal protein S4, X-linked (RPS4X) 2.85 Uridine-cytidine kinase 2 (UCK) 0.24

Pinin, desmosome associated protein (PNN) 2.81 Multiple EGF-like-domains 11 (MEGF11) 0.25

Leptin receptor overlapping transcript (LEPROT) 2.81 Growth differentiation factor 5 (GDF5) 0.25

Leukotriene A4 hydrolase (LTA4H) 2.77 Granzyme B (GZMB) 0.25

Calpain 2, (m/II) large subunit (CAPN2) 2.74
Angiotensin I converting enzyme (peptidyl-dipeptidase A) 1 
(ACE) 0.025

Peptidylglycine alpha-amidating monooxygenase (PAM), 
variant 1 2.73 Forkhead box C2 (FOXC2) 0.26

Niemann-Pick disease, type C2 (NPC2) 2.69 HNF1 homeobox B (HNF1B) 0.26

Dynein, light chain, LC8-type 1 (DYNLL1), variant 3 2.68
CDC42 effector protein (Rho GTPase binding) 5 (CD-
C42EP5; CEP5) 0.26

Histone cluster 1, H2bk (HIST1H2BK) 2.66 Hippocalcin (HPCA) 0.28

LSM1 homolog, U6 small nuclear RNA associated 
(LSM1) 2.66

Signal transducer and activator of transcription 5B 
(STAT5B) 0.28

Inositol 1,4,5-trisphosphate 3-kinase C (ITPKC) 2.65 GC-rich sequence DNA-binding factor 1 (GCFC1) 0.28

Table 4: Top 25 differentially regulated genes in Stage II/III compared to Stage I NSCLC adenocarcinomas (identified using MeV at p<0.05).
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 Published gene expression studies have indicated that 
aggressive lung adenocarcinomas have higher levels of cell pro-
liferation-related genes including cyclins, transcription factor 
TTF-1, surfactant SFTPB, and those involved in immunological 
function.21 As mentioned above, TTF-1 regulates the transcrip-
tion of CEACAM6 and surfactant-associated proteins. Both 
SFTPA2 and SFTPD were in the top five genes up-regulated in 
Stage II/III compared to Stage I tumours (Table 4) and cyclin I 
was up-regulated 2.56-fold in Stage II/III compared to Stage I 
tumours. MGP is a mesenchymal gene encoding an extracellular 
matrix protein and RT-PCR, ELISA and immunohistochemistry 
have shown that is over-expressed in recurrent gliomas and as-
sociated with poor outcome.46 It has not thus far been studied in 
lung cancer, and may provide a novel biomarker for lung recur-
rence. Immunohistochemistry, qRT-PCR, Western blot analysis 
and RNA interference have shown that LSM1 functions as an 
oncogene in the progression of lung cancer47 and members of 
the Ras and Src oncogene families (RAB2A, RRAD and SLA) 
were also up-regulated. Breast tumours shown to over-express 
RRAD by immunohistochemistry and Western blotting are of 
higher grade, size and nodal involvement and have poor progno-
sis.48 SLA mediates cell migration and invasion through integrin 
signalling by Src and FAK tyrosine kinases and in vitro over-
expression studies have shown that it is also a negative regula-
tor of T and B cell-mediated responses,49 which are crucial for 
anti-tumour immunity. Microarray, reverse phase protein array, 
ELISA and immunohistochemistry analyses have shown that 
patients with lung adenocarcinomas that express genes associ-
ated with an active immune response, such as RANTES, MIP-1-
beta and STAT5 have better outcomes.50-51 Consistent with this is 
the 2.7-fold lower STAT5B expression in Stage II/III than Stage 
I tumours in our study.

Pathways differentially expressed between Stage I and Stage II/
III NSCLC adenocarcinomas

 Later-stage tumours showed enrichment in pathways 
mostly involved in transcription, translation, mitochondrial 
electron transport chain, and actin cytoskeleton organization 
(Supplemental Table 6A). This reflects the overall higher me-
tabolism and growth rate of more advanced cancers. Interest-
ingly, there was also enrichment in genes in the IL-6 signaling 
pathway; these included phospholipase C gamma subunit (PL-
CG1), FYN oncogene, ras-related small GTP-binding protein 
(RAC1), heat shock protein 90kDA alpha A1 (HSP90AA1), and 
protein phosphatase2 regulatory subunit B, gamma (PPP2R2C). 
FYN is a tyrosine kinase that has been implicated in the control 
of cell growth. HSP90AA1 is a chaperone for tyrosine kinases 
EGFR, MET and ALK,52 all of which are oncogenic drivers of 
lung cancer. PLCG1 is responsible for intracellular transduc-
tion of receptor-mediated tyrosine kinase activators. RAC1 is 
involved in control of cell growth/cytoskeletal reorganization, 
and PPP2R2C is also involved in tumour signal transduction 
pathways. IL-6 is present in the tumour microenvironment and 

induces tumour proliferation, angiogenesis and resistance to 
chemotherapy; it has recently been shown by tissue microarray 
analysis to be a novel prognostic biomarker in NSCLC.53 CD88, 
which is a high-affinity receptor for C5a that is widely expressed 
on lung epithelial cells, is up-regulated in Stage II/III (3.6-fold) 
compared to Stage I (2.3-fold) tumours. Over-expression of this 
receptor, assessed by tissue microarray analysis, correlates with 
down-regulation of E-cadherin expression and lymph node me-
tastasis in NSCLC patients.54

 Stage II/III vs. Stage I tumours did not show statisti-
cally significant enrichment in any pathways and there was only 
borderline enrichment in some GO biological processes (Sup-
plemental Table 6B).

CONCLUSIONS

 By comparing the transcriptomes of early and later-
stage NSCLC adenocarcinomas, we have uncovered information 
on pathways that are involved in recurrence in early-stage lung 
cancer. Many of the hallmarks of cancer55 such as proliferative 
signalling, angiogenesis, invasion and metastasis were evident 
in the sets of genes we identified. A significant number of the 
differentially regulated genes participated in closely related pro-
cesses, helping to validate our results. Transcript data reflected 
the overall higher growth rate of more advanced cancers and the 
involvement of pathways involved in actin cytoskeleton remod-
elling and cell migration. While the small number of samples 
analysed in this study makes it difficult to make strong conclu-
sions, we have nonetheless found concordant results with other 
reports that used a variety of complementary molecular tech-
niques and uncovered possible pathways underlying recurrence. 
This study provides interesting novel leads to be followed up on 
in larger prospective investigations.
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ABSTRACT

Background: Staff education had several success stories in reducing Ventilator-associated 
Pneumonia (VAP) rate. However, the stability of supplies and the top management support 
were not addressed in most of these studies. In addition, both were considered essential in 
several reviews.
Aim: To determine the efficiency (VAP rate) and efficacy (mechanical ventilation morbidity and 
mortality) of VAP staff education with deficient supplies and lack of top management support.
Methods: Quasi-experimental study with before and after prospective cohort in two medical/
surgical ICUs of Alexandria university affiliated hospitals during the period from September 
2007 till May 2013. The intervention phase included the provision of supplementary supplies, 
interactive education for physicians and nurses followed by a VAP campaign. All VAP episodes 
not only the first one was included.
Results: A total of 598 patients were enrolled in the study. The adherence to expanded VAP 
bundle significantly increased in the post-intervention phase as follows; head of bed elevation 
(from mean of 40 to 100% with p=0.001), oral care (from mean of 20 to 100% with p=0.001), 
daily sedation vacation (from mean of 56.5 to 91% with p=0.001), daily assessment of weaning 
(from mean of 9 to 25% with p=0. 03), peptic ulcer prophylaxis (from mean of 83 to 100% with 
p=0.001), DVT prophylaxis (from mean of 82 to 100% and p=0.001), cuff pressure measure-
ment (from mean of 9 to 60% with p=0.001), and hand hygiene (from mean of 8 to 28.5% with 
p=0.001).The VAP rate decreased significantly by 35% (from 66.5 to 43 per 1000 MV days) 
with p= 0.002 and CI 9.73-37.15 in spite of significant increase of the ventilator utilization ra-
tio (p <0.001) in the post-intervention phase. The MV, antibiotic and ICU days did not change 
significantly in the post-intervention phase. The distribution of organisms did not differ signifi-
cantly between both groups (p=0. 465). The sensitivity of most of carbapenems and β-lactam/β-
lactamase inhibitors to Acinetobacter, Klebsiella andPseudomonas decreased significantly in 
the post intervention phase whereas the sensitivity of vancomyicin to Staphylococcus aureus 
remained the same.
Conclusions: In spite of the lack of top management support and fluctuating supplies, VAP staff 
education was still efficient in reducing VAP without affecting mortality or MV days or ICU 
length of stay.

ABBREVIATIONS: VAP: Ventilator-associated Pneumonia; MDRP: Multidrug Resistant Patho-
gens.
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INTRODUCTION

 Ventilator-associated Pneumonia (VAP) is peculiar 
from other Hospital Acquired Infections (HAIs) in several as-
pects. VAP has the highest prevalence, complex pathogenesis 
(and therefore multiple preventive procedures) and controversies 
in diagnosis and treatment which hindered accurate diagnosis 
and optimal therapy.1-2 In addition, the high prevalence of Mul-
tidrug Resistant Pathogens(MDRP) further complicates the VAP 
management and magnifies the morbidity and mortality impact 
of VAP. Therefore prevention is the most effective treatment.1

 Several evidence based interventions proved to reduce 
VAP which have been incorporated into guidelines by several 
organizations.3-7 Implementing evidence-based guidelines into 
consistent delivered care at bedside still remains a challenge.8 

Staff education programs for single procedures9-11 or selected 
bundle of several interventions significantly reduced VAP rate 
in several studies.12-24 Furthermore, staff education and involve-
ment was recommended in several guidelines.3,5,25

 The top management support and availability of supplies 
were considered crucial for a successful VAP program.2,26,27,28 Af-
ter the initial failure of VAP reduction in two ICUs of Alexandria 
Main university hospital which was attributed to deficient sup-
plies, lack of top management support and passive education.29 

In addition to repeated failure to obtain funding or top manage-
ment support for the VAP program, we conducted a study with 
the purpose to assess the efficiency (VAP rate) and efficacy (Me-
chanical ventilation morbidity and mortality) of VAP staff edu-
cation without top management support and full availability of 
supplies.

METHODS

 Prior to the initiation of the study, the approval of the 
Alexandria University Ethical Committee on the general plan of 
the study, and the detailed patient management plan was taken. 
An informed consent was obtained before enrolment in the study 
(before completing the 48 hour period of mechanical ventila-
tion).

Study location: This study was carried out in ICU1 and ICU3 of 
Critical Care Medicine department in Alexandria University af-
filiated Hospital, which is a major adult urban teaching, primary 
and tertiary care facility with 1900 beds, serving 3 governorates. 
Both ICU1 and ICU3 are 15 beds; medical/surgical with approx-
imately 1269 and 610 admissions per year respectively.

 Through FOCUS PDSA cycle (which is considered the 
primary engine of this study), we first found an opportunity in 
the failure of previous study to reduce VAP rate. Second, we 
organized a multidisciplinary team from critical care medicine, 
internal medicine, pulmonology, microbiology infection control 

and nursing. Third, we clarified the current process through re-
viewing outcomes and limitation of the previous study. Fourth, 
we understood the causes of process variation through review-
ing local VAP studies with bacterial investigation of VAP patho-
genesis, and the proposed solutions in sampling, suctioning, oral 
hygiene, draining circuit condensate, hand hygiene and patient 
transport according to available resources. Fifth, we Selected 
the process improve mentusing quasi-experimental study using 
before and after prospective cohorts with process and outcome 
indicators and cost-effectiveness data to evaluate the efficiency 
and efficacy of the VAP staff education and to be re-modelled 
with Plan Do Study Act cycle.(Study design)

 This study was performed after initial failure of passive 
education from September 2007 till June 200929 (involving four 
lectures 20 minutes each in physician lounge room, scientific 
meetings and limited bedside teaching for the residents) without 
availability of enough supplies to reduce VAP rate. The current 
intervention program was designed to overcome the limitations 
of the previous study followed by post-intervention phase which 
was compared to the pre-intervention phase of the previous study 
with collection of more patient data retrospectively for VAP risk 
stratification.

Study period: The conceptual framework of study consisted of 
pre-intervention phase: from September 2007 till May 2008, 
intervention phase from July 2009 till August 2012 and post-
intervention phase from September 2012 till May 2013.

 The intervention phase was optimized by avoiding cer-
tain limitations from the previous study via1 providing supple-
mentary supplies donated to the hospital to decrease the gap 
between the required and the available (such as alcohol and suc-
tion catheters, beds for semi-seating position, and cuff pressure 
manometers)2, providing lectures for nurses, together with bed-
side teaching3, implementing regular end tracheal cuff pressure 
adjustment and blind mini BAL (bronchoalveolar lavage)4, uti-
lizing interactive lectures to physicians5, carrying out a hand hy-
giene then a VAP campaign which included two days workshop, 
skill stations, group discussions, VAP folder for self education, 
and a concentrated bedside teaching.

Study population: This study was conducted on all patients re-
quiring continuous Mechanical Ventilation (MV) for more than 
48 hours who were admitted to both units during the study pe-
riod. Patients with VAP which was not acquired in our units or 
those whom were transferred to other units before weaning from 
the ventilator were excluded. The screening for potential partici-
pants were performed at least every 48 hours as well follows up 
of participants for the development of VAP and final outcome.

 All patients in the pre and post-intervention phases 
were evaluated for baseline and VAP risk stratification data (age, 
gender, primary diagnosis, severity of illness by Acute Physi-
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ological and Chronic Health Evaluation II “APACHE II”, his-
tory of chronic respiratory illness and Glasgow Coma Scale 
“GCS”).They were followed up for the development of VAP by 
modified American College of Chest Physicians (ACCP) criteria 
for diagnosis of VAP: “New and persistent (≤72 h) radiological 
infiltrate with two or more of the following; Fever (increase in 
core temperature of > 1°C and a core temperature >38.3°C or 
<35.5°C), leucocytosis (25% increase in circulating leukocytes 
from baseline and a value >10,000 cells/ml.), purulent tracheal 
aspirate or sputum”30 until death, discharge out of ICU or trans-
fer to another ICU.

 VAP rate per 1000 ventilator days (primary outcome),31 
ventilator/Device utilization ratio (DU),31 adherence to VAP 
preventive practices (expressed as percentage of positive obser-
vation during the scheduled ICU visits), culture results of VAP 
samples obtained by Bronchoscopic Broncho-Alveolar Lavage 
(BAL)32 or modified blind mini-BAL (by using saline filled 
catheter instead of protected catheter and guiding it into desired 
bronchus through neck positioning then performing a lavage),33 

MV days and ICU Length of Stay (LoS), and outcome (second-
ary outcomes) were collected in the pre and post-intervention 
phases.34-35 VAP rate was tracked through control charts (U 
chart).36

STATISTICAL ANALYSIS OF THE DATA37

 Data was fed to the computer and analyzed using IBM 
SPSS software package version 2038 Qualitative data was de-
scribed using number and percent. Quantitative data was de-
scribed using mean and standard deviation for normally dis-
tributed data while abnormally distributed data was expressed 
using median, minimum and maximum. Comparison between 
different groups regarding categorical variables was tested using 
Chi-square test. The distributions of quantitative variables were 
tested for normality using Kolmogorov-Smirnov test, Shapiro-
Wilk test and D’Agstino test, also Histogram and QQ plot were 
used for vision test. If it revealed normal data distribution, para-
metric tests were applied. If the data was abnormally distributed, 
non-parametric tests were used. For normally distributed data, 
comparison between two independent populations was done us-
ing independent t-test. For abnormally distributed data, compari-
son between two independent populations was done using Mann 
Whitney test. Significance test results were quoted as two-tailed 
probabilities. Significance of the obtained results was judged at 
the 5% level.

RESULTS

 A total of 2560 patients were screened in both ICU1 
and ICU3 (Figure1). After exclusion of non-MV patients, MV 
for =48 hours, and patients with VAP acquired in other units, 
598 patients were enrolled in the pre and post-intervention phas-
es. One patient in the ICU3 stayed on MV for 276 days till the 

end of the study who was excluded as an extreme value. The 
rates of loss to follow up were 4.4 and 4.3% in the pre and post-
intervention phases respectively. The number and qualification 
of physicians caring for patients (5-6/unit/shift) did not differ 
between both groups. Similarly, the number of non-registered 
nurses in the morning and evening shifts did not differ between 
both groups (4-5/unit in the morning and 1-2 in the evening and 
night shift). Whereas, the number of registered nurses dropped 
to the half in the post-intervention phase in the evening and night 
shift (0-1). The residents who were involved in the formal teach-
ing (lectures or workshop) represented 80-87% of all residents, 
whereas the nursing staff who was involved in workshops repre-
sented 90-95% of all nursing staff (registered and non-registered 
nurses) in both units.

 The demographic characteristics and VAP risk stratifi-
cation data were similar between the pre and post-intervention 
groups except for the admission diagnosis which differed signif-
icantly in the post-intervention phase (decreased cardiac cases 
and increased surgical cases) (Table 1).

Primary outcome: Among the 263 patients constituting the study 
sample in the pre-intervention phase, 132 patients fulfilled the 
criteria of clinically defined VAP using ACCP clinical criteria 
with an incidence of 50.2%. Out of the 132 clinically defined 
VAP cases, there were 116 laboratory (lab) confirmed VAP (4 
were not sampled, 4 sterile samples, and 8 contaminated). The 
incidence of lab confirmed VAP was 44.1% (Table 1). The sensi-
tivity of the lab to verify clinical diagnosis was 87.9%.

APACHE II: Acute Physiological and Chronic Health Evaluation 
II GCS: Glasgow Coma Scale Lab: Laboratory#: Chi square test 
$: Mann Whitney test &: Student t-test*: Statistically significant 
at p ≤ 0.05
 
 Among the 335 patients constituting the study sample 
in the post intervention phase, 138 patients fulfilled the crite-
ria of clinically defined VAP using ACCP clinical criteria with 
an incidence of 41.2%. Out of the 138 clinically defined VAP, 
116 were lab confirmed VAP (4 were not sampled, 9 sterile 

Pre-intervention phase Post-intervention phase

1459 patients admitted in ICU1 and ICU3

560 (38%)MV patients screened

285 (51% of MV) did not meet inclusion 
criteria

275 patients (49% of MV) enrolled
2 (0.7% of enrolled) transferred on MV
10(4 % of enrolled) loss to follow up
263 patients finally enrolled

1101 patients admitted in ICU1 and ICU3

 
626 (57%) MV patients screened

275(44% of MV) did not meet inclusion 
criteria

351 (56%of MV) patients enrolled
4 (1% of enrolled) transferred on MV
11 (3% of enrolled) loss to follow up
335 patients finally enrolled (1 excluded as 
extreme value on MV)

Figure 1: Study population of the pre and post-intervention study group.
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Pre-intervention 
(n= 263)

Post-intervention 
(n= 335)

p

Sex 141 (53.6%) 154 (46.0%)

Male 122 (46.4%) 181 (54.0%) #0.064

Female 48.0 (1.0 – 86.0) 52.0 (1.0 – 91.0) $0.099

Age

Diagnosis type 42 (16.0%)

Trauma 44 (16.7%) 53 (18.5%) #0.961

Cardiac 57 (21.7%) 20 (6.0%) #<0.001*

Respiratory 7 (2.7%) 58 (17.3%) #0.179

Surgical 31 (11.8%) 27 (8.1%) #0.005*

Neurological 0 (19.0%) 52 (15.5%) #0.190

Medical 32 (12.2%) 91 (27.2%) #0.055

Toxicological 19.0 (4.0 – 42.0) 34 (10.1%) #0.434

APACHE score 50 (19.0%) 19.0 (7.0 – 38.0) $0.752

History of chronic respiratory ill-
ness 9.24 ± 2.94 63 (18.8%) #0.949

GCS 132 (50.2%) 9.41 ± 2.40 &0.467

Clinically defined VAP 34 (25.8%) 138 (41.2%) #0.028*

Early onset 98 (74.2) 21 (15.2%) #0.005*

Late onset 116 (44.1%) 117 (84.8) #0.554

Lab confirmed VAP 116 (34.6%) #0.018*

Number of VAP attack of MV pts 100 (75.8%)

Single (1 attack) 32 (24.2%) 107 (77.5%) #0.121

Multiple (≥2 attacks) 6.0 (2.0 – 67.0) 31 (22.5%) #0.249

MV days 9.0 (2.0 – 110.0) 6.0 (2.0 – 76.0) $0.119

ICU stay 8.0 (0.0 – 96.0) 9.0 (2.0 – 147.0) $0.185

AB days 8.0 (0.0 – 99.0) $0.089

Outcome 160 (60.8%)

Death 103 (39.2%) 183 (54.6%)

Discharge (n= 208) 152 (45.4%) #0.127

Distribution of organisms 47 (22.6%) (n= 272)

Gram positive 27 (13%) 54 (19.9%)

staphylococcus aureus 161 (77.4%) 40 (15%) #0.465

Gram negative 54 (26%) 218 (80.1%)

Klebsiellapneumonia 49 (23.6%) 47 (17%)

Pseudomonasaeroginosa 11 (2.9%) 55 (20%)

Acinetobacter  (n= 132) 74 (27%)

Mono versus poly-microbial 97 (73.5%)

VAP 35 (26.5%) (n= 151)

Mono-microbial 63 (41.7%)

       Poly-microbial 88 (58.3%) #<0.001*

Table 1: Comparison between pre and post-intervention groups according to demographic characteristics, VAP risk stratification, primary and secondary out-
comes
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samples, 9 contaminated) with an incidence of 34.6% and a sen-
sitivity of lab verification for clinical diagnosis was 84.1% (Table 
1). Therefore, there was statistically significant decrease in the 
incidence of clinically defined VAP by 17.9 % (p = 0.028) and 
lab confirmed VAP by 21.5% (p= 0.018) in the post-intervention 
phase (Table 1). The incidence of early onset VAP decreased sig-
nificantly (from 25.8 to 15.2% with p = 0.005), on the other hand 
the incidence of late onset, single and multiple VAP decreased 
insignificantly (p = 0.554, 0.121, and 0.249 respectively) in the 
post-intervention study group (Table 1).

 During the 9 month of the pre-intervention phase, a total 
of 179 VAP episodes occurred during a total of 2740 ventilator 
days, with a VAP rate of 66.5 per 1000 ventilator days. Follow-
ing the intervention, a total of 200 VAP episodes occurred during 
a total of 4619 ventilator days, and VAP rate dropped signifi-
cantly to 43 with a decrease of 35.3% and p value of 0.002(mean 
difference of 23.4 and confidence interval of 9.7-37.1),although 
the DU ratio increased significantly by 51.3% and p =0.001 (Fig-
ure 2 and Table 2).

 

Short term outcome: There was a highly significant increase in 
the compliance or adherence to VAP preventive practices in the 
post-intervention study group as follows: head of bed elevation 
(from mean of 40 to 100%, p < 0.001), oral care (from mean of 
20 to 100% , p < 0.001), daily sedation vacation (from mean 
of 56.5 to 91%, p <0.001), daily assessment of weaning (from 

mean of 9 to 25%, p =0.03), peptic ulcer prophylaxis (from mean 
of 83 to 100%, p < 0.001), DVT prophylaxis (from mean of 82 
to 100%, p < 0.001), cuff pressure measurement (from mean of 9 
to 60%, p <0.001), and hand hygiene (from mean of 8 to 28.5%, 
p =0.001) (Figure 3).

Secondary Outcome: There was insignificant difference be-
tween the pre and post-intervention groups as regards duration 
of mechanical ventilation, ICU length of stay, antibiotic days, 
and mortality with p=0.119, 0.185, 0.089 and 0.127 respectively 
(Table 1).

MICROBIOLOGY AND SENSITIVITY PATTERN

 The distribution of organisms did not differ signifi-
cantly between the pre and post-intervention groups with p val-
ue of 0.465, on the other hand the incidence of poly-microbial 
VAP increased significantly in the post-intervention phase with 
p value <0.001 (Table 1). The most common organisms in the 
pre-intervention phase were Klebsiella, Pseudomonas followed 
by Staphylococcus aureus, while in the post-intervention phase 
were Acinetobacter, Pseudomonas, Klebsiella followed by 
Staphylococcus aureus (Table 1).

 The antibiotic sensitivity pattern of Klebsiella decreased 
significantly to impinem, piperacillin-tazobactam, cefoperazone-
sulbactam, and amikacinin the post-intervention phase. Simi-
larly, the sensitivity of Pseudomonas decreased significantly 
to carbapenems, β-lactam β-lactamase inhibitor combinations, 
third and fourth generation cephalosporins and aminoglycosides 
in the post-intervention phase. The Acinetobacter sensitivity de-
creased significantly to carbapenems, piperacillin-tazobactam 
and trimethoprim sulfamethoxazole in the post-intervention 
phase. On the other hand the Staphylococcus aureus sensitivity 
to vancomycin still remained the same (100%).

Figure 2: Control chart of VAP Rate per 1000 ventilation days in the pre and post-interven-
tion phases in ICU1 and 3

Pre-interven-
tion 
(n= 9 months)

Post-interven-
tion 
(n= 9 months)

p

VAP rate pre 1000 ventila-
tor days 66.49 ± 16.75 43.05 ± 9.79 0.002*

Ventilation utilization ratio 0.39 ± 0.04 0.59 ± 0.03 <0.001*

Data was expressed as Mean ± SD. for normally distributed data

Mean differ-
ence

95% Confidence inter-
val of the difference

VAP rate pre 1000 ventila-
tor days 23.44 9.73 – 37.15

Table 2: Comparison between the pre and post-intervention groups according to VAP rate and 
ventilation utilization ratio

Figure 3: Comparison between the pre and post intervention phases according to compliance 
to VAP preventive practices (expressed as percentage of positive observation) in both ICUs
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DISCUSSION

 Several effective interventions are not always adopted 
despite evidence supporting their use,39-40 and this is not differ-
ent when it comes to VAP prevention.41-44  Although guidelines 
have been used to promote consistency and reduce variation in 
clinical practice, the successful implementation of any guideline 
is by no means assured and is dependent upon many factors, 
including implementation strategies that need to be tailored to 
the local situation.8 Educational program has been utilized in 
VAP prevention in different aspects, mainly education for single 
procedures as hand hygiene,9 oral hygiene,10  sedation protocol11 

or staff education for either Institute for Healthcare Improve-
ment (IHI) bundle45 or its modification46-47 or other selected 
ventilator bundle which includes several interventions for VAP 
prevention.48-50

 The baseline characteristics and VAP risk stratification 
data (age, sex, APACHE II score, GCS, and history of chronic 
respiratory illness) were homogeneous between the pre and the 
post-intervention groups except for the admission diagnosis 
which differed significantly with a marked decrease of cardiac 
cases and increase of post-surgical cases in the post-intervention 
group. This was directly attributed to the diversion of most of 
acute coronary syndrome cases to new cardiac ICU during the 
intervention phase. The long lag between the pre and the post-in-
tervention phases in the present study during which the circum-
stances related to admission in both units had changed, might 
contributed to these discrepancies in diagnosis type. However, 
neither the diagnosis type nor the place from which the patient 
was transferred (medical ward, scheduled surgical or emergency 
surgery) did increase risk of VAP in three studies.51,52,53

 The DU ratio (a measure of invasive practices in a 
unit which constitutes an extrinsic risk factor for VAP54 and a 
marker for severity of illness of patients31 was highly signifi-
cantly increased in the post-intervention group by 51%.This 
might be explained by the increased number of ventilators in 
the post-intervention phase. In addition, the registered nurse/
patient ratio dropped by 50% in the evening and night shifts in 
the post-intervention phase which might have reduced patient 
care. This might have contributed to the increased risk of VAP in 
the post-intervention group as a result of shortage of competent 
nursing staff55-56 and the highly significantly increased DU ratio. 
In spite of this, the VAP rate was decreased significantly by 35% 
as well as the clinically and laboratory confirmed VAP and the 
early onset VAP. On the other hand, the incidence of late onset, 
single and multiple VAP showed an insignificantly decrease.

 Several educational program have reduced VAP rate 
such as Zack et al by 57%,17 Babcock et al by 38-61%,18 Apisarn-
thanarak et al by 59%,16 Salahuddin et al by 51%,57 Leblebicio-
glu et al by 46%,20 Bouadma et al by 43%,58 Blamoun et al by 
100%,59 Berriel-Cass et al by 60%60 Lansford et al by 59.4%,61 

and International Nosocomial Infection Control Consortium (IN-
ICC) multimodal program by 30.7-79% in several studies.21,23,62-

64 The discrepancy between the adherence rate to VAP preven-
tive practices and VAP rate reduction in those studies precluded 
any relation between the adherence to our VAP bundle and VAP 
rate reduction in this study. Similarly Zilberberg et al65 revealed 
that the major methodological flaws in the design, reporting, and 
results of the published studies precluded any conclusive state-
ments about bundle compliance and VAP reduction. Similarly, 
Beattie et al66 failed to preclude any link between bundle com-
pliance and development of VAP which they attributed to retro-
spective nature and small sample size of their study.

 VAP bundle adherence, especially the overall adher-
ence, is not the only determinants of the magnitude of VAP re-
ductions. Other factors are important like working policy and 
procedures, nursing staffing, and equipment supply67 which 
might explain different effect in these studies. Another expla-
nation is that these VAP prevention programs utilized different 
educational (and sometime quality tools) to implement differ-
ent combination of VAP preventive practices, this might have 
explained the different effects between studies. This was also 
illustrated by Marra et al68 who tested the effects of different 
bundles introduced sequentially and had different results.

 As in our earlier study that failed to reduce VAP rate, 
some educational studies also did not reduce VAP rate as Abbot 
et al14 and Bloos et al15 in spite of utilizing a variety of edu-
cational tools. Similarly Bingham et al,13 did not reduce VAP 
which they attributed to frequent changes in personnel and lead-
ership in the organization. In addition Hawe et al,8 Papadimos et 
al,69 Bigham et al,70 and Cocanour et al,71 after failure of passive 
education to improve bundle compliance and VAP rate, active 
education significantly improved bundle compliance and VAP 
rate. This suggests that addition of procedural or quality tool to 
interactive education significantly improved program efficien-
cy.69

 Morris et al72 reduced clinically defined and labora-
tory confirmed VAP, while Rosenthal et al,64 Bouadma et al58 

and Bigham et al70 reported a significantly decreased clinically 
defined VAP only. Babcock et al18 and Apisarnthanarak et al16 

did not affect time of onset of VAP. It might be suggested that 
the high incidence of early onset of VAP in the pre-intervention 
phase (known to be caused by intubation related aspiration) was 
more feasible to correction by educational program which was 
higher than those studies. The success stories of VAP reduction 
are often reported from hospitals with high baseline VAP.73 On 
the other hand, Omrane et al74 found that early onset VAP sig-
nificantly decreased and late onset VAP significantly increased 
by educational program but through incidence density (per 1000 
ventilation days). To the best of our knowledge, only Bouadma 
et al58 reported decreased incidence of single and multiple VAP
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without statistical processing.

 In this study, the secondary outcomes (ICU, MV and 
AB days and MV mortality) did not change significantly with 
staff education. Leblebicioglu et al,20 Rosenthal et al,62 Omrane 
et al74 Morris et al,72 and Bigham et al70 did not find significant 
difference in total MV days or hospital stay. Apisarnthanarak et 
al,16 Rosenthal et al,64 and Youngquist et al75 reported a significant 
decrease of hospital stay in the post-intervention phase. While, 
Abbot et al14 and Bloos et al15 reported a significant decrease of 
MV days despite unaffected ICU stay. Bouadma et al58 did not 
find difference in MV days inspite of significantly reduced ICU 
stay. Apisarnthanarak et al16 and Rosenthal et al64 Bouadma et 
al58 Bigham et al70 Marra et al68 reported no significant difference 
of mortality rate with educational program. Several educational 
programs did not evaluate outcomes other than VAP rate.17-18,20 

Hawe et al8 and Morris et al72 found a trend to reduced unit and 
MV mortality. Morris et al72 found that antibiotic days did not 
change in all MV patients with VAP education.

 The educational program did not affect the microbiol-
ogy of organisms causing VAP (gram positive or negative) in-

spite of increased incidence of poly-microbial VAP. Similarly, 
educational program by leblebicioglu et al,20 Rosenthal et al,64 

and Babcock et al did not affect the microbiology of infections, 
suggesting that intervention improved ventilator management 
and care rather than eliminating a particular nosocomial reser-
voir of infection.18 While Apisarnthanarak et al,16 Morris et al,72 
and Bouadma et al58 reported only an outbreak of acinetobacter, 
decreased rates of methicillin-resistant Staphylococcus aureus 
acquisitions,and higher trend of staphylococcus aureus in the 
post-intervention study group respectively. Although the antibi-
otic sensitivity of most common organisms decreased to most 
relevant antibiotics in this study, Leblebicioglu et al20 Rosenthal 
et al64 reported non-significant change of antibiotic resistance 
to Acinetobacter, Pseudomonas and Staphylococcus aureus be-
tween the pre and post-intervention groups. This might be ex-
plained by the high rates of antibiotic abuse in our units. It might 
also be suggested that the reducing effect of VAP educational 
program on MV days and ICU stay might have been reversed 
by the highly significant increase of MDRP. However we did 
not evaluate other factors affecting MV days, ICU stay as other 
hospital acquired infections, ICU performance, and iatrogenic 
ICU complications (Table 3).

Antibiotics Klebsiella p Pseudomonas p Acinetobacter p

Pre (n= 54) Post (n= 47) Pre (n= 49) Post (n= 55) Pre (n= 3) Post (n= 74)

Meropenem 45 (83.3%) 35 (74.5%) 0.273 36 (73.5%) 14 (25.5%) <0.001* 2 (66.7%) 5 (6.8%) 0.021*

Impinem 47 (87.0%) 28 (59.6%) 0.002*

37 (75.5%) 10 (18.2%) <0.001*
3 (100.0%) 13 (17.6%) 0.008*

Tazobactam-piper-
acillin

48 (88.9%) 18 (38.3%) <0.001*

39 (79.6%) 17 (30.9%) <0.001*
1 (33.3%) 0 (0.0%) 0.039*

Cefoparazone-sul-
bactum

42 (77.8%) 7 (14.9%) <0.001*

33 (67.3%) 2 (3.6%) <0.001*
0 (0.0%) 0 (0.0%) -

Cefotaxime 5 (9.3%) 2 (4.3%) 0.445
2 (4.1%) 0 (0.0%) 0.220 0 (0.0%) 0 (0.0%) -

Ceftriaxone 4 (7.4%) 2 (4.3%) 0.683
3 (6.1%) 0 (0.0%) 0.101 0 (0.0%) 1 (1.4%) 1.000

Cefepim 17 (31.5%) 10 (21.3) 0.248 16 (32.7%) 6 (10.9%) 0.007*
0 (0.0%) 0 (0.0%) -

Ceftazidim 7 (13.0%) 6 (12.8%) 0.976 10 (20.4%) 4 (7.3%) 0.049*
0 (0.0%) 1 (1.4%) 1.000

Amikacin 18 (33.3%) 27 (57.4%) 0.015*
20 (40.8%) 8 (14.5%) 0.003*

1 (33.3%) 2 (2.7%) 0.114

Gentamyicin 15 (27.8%) 19 (40.4%) 0.180 18 (36.7%) 6 (10.9%) 0.002*
1 (33.3%) 8 (10.8%) 0.315

TMP-SMX 8 (14.8%) 9 (19.1%) 0.561 0 (0.0%) 1 (1.8%) 1.000 2 (66.7%) 3 (4.1%) 0.010*

Levofloxacin 21 (38.9%) 21 (44.7%) 0.556 20 (40.8%) 4 (7.3%) <0.001*
1 (33.3%) 5 (6.8%) 0.219

Ciprofloxcin 14 (25.9%) 13 (27.7%) 0.844 11 (22.4%) 4 (7.3%) 0.028*
0 (0.0%) 4 (5.4%) 1.000

Ampicillin-sulbac-
tam

3 (5.6%) 3 (6.4%) 1.000 4 (8.2%) 0 (0.0%) 0.049*
0 (0.0%) 0 (0.0%) -

Amoxacillin-cla-
vuanate

6 (11.1%) 8 (17.0%) 0.391 4 (8.2%) 0 (0.0%) 0.049*
0 (0.0%) 0 (0.0%) -

Patients may have more than one organism in single VAP episode, so sum of organisms exceed the total number of VAP episodes

TMP-SMX: trimetho primsulfamethoxazol
Table 3: Comparison of antibiotic sensitivity pattern of gram negative organisms implicated in VAP cases in the pre and post intervention groups in Critical Care Unit 1 and 3.
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 The costs of educational program were estimated not 
to exceed 1000 $ (conference rooms renting, folder and book-
let materials printing), and additional infection control supplies 
not exceeding 3000$. There were no additional salaries for per-
sonnel sharing in the education program. Assuming a continued 
infection rate of 66.5 (of the pre-intervention phase) during the 
post-intervention phase, 302 VAP episodes would be expected to 
occur in the 4619 ventilator days in both units. Several studies 
measured the cost of a single VAP episode as low as 4,947-5,800 
and up to 40,000$.76-78 As our educational program prevented 
102 episodes in post-intervention study group. The cost saving 
of this educational program was estimated to be at least 0.5 mil-
lion dollars. Using the same calculation; Babcock et al18 pre-
vented 98 episodes and consumed 592000$, and therefore had a 
cost-saving of 0.4 million dollars.

 Similarly, Apisarnthanarak et al16 reported a 37-45% 
reduction of mean hospital (466$ vs. 293$ with P =0.001) and 
monthly antibiotic costs (4769$ vs. 2622$ with p =0.001) with 
VAP prevention program. Zilberberg et al79 concluded that the 
available data of VAP prevention program is still difficult for 
accurate cost-effectiveness studies because it relates to such im-
portant downstream outcomes of VAP prevention as the use of 
antibiotics and hospital length of stay.

 Several reviews addressed the discrepancy between the 
results of VAP education as Jansson et al12 who suggested that 
it might be due to the wide range of definitions of VAP applied, 
lack of a universal method of outcome evaluation, variations in 
the implementation strategies (i.e. in the execution and frequen-
cy of education), ventilator bundle and various complementary 
interventions (reminders, feedback etc.) Moreover, the effects 
of extraneous factors or other potential sources of bias on their 
findings were inadequately reported resulting in both practical 
and methodological difficulty.12

 Klompas et al80 attributed the paradox of VAP inter-
vention (either a single procedure like oral hygiene,81 semi-
sitting position,82 silver coated tubes,83-92 continuous subglottic 
suction,1,93,94,95,96 or multiple procedures) to VAP misclassifica-
tion; as it dramatically reduce VAP whereas most of them have 
no impact on clinical outcome (MV days, hospital stay, or mor-
tality). As the sensitivity and specificity of microbiological di-
agnosis are only 50%-70% and 40%-95% respectively,97-99 This 
include non-infectious mimics of VAP with bacterial coloniza-
tion which are easily affected by simple preventive measures.90

 These reviews also concluded that active implementa-
tion strategies (i.e. educational programs) were linked to signifi-
cant improvements in the overall adherence to ventilator bun-
dles and a significant decrease in clinical outcomes: incidence 
of VAP, duration of mechanical ventilation and hospitalization 
costs.12 The opportunities for decreasing VAP rates seem to be 
greatest when multi-module programs were applied with an av-

erage reduction of more than 40%.73 Arabi et al100 concluded that 
simple cost-effective measures reduced the incidence of VAP 
significantly in developing countries with limited healthcare re-
sources. For this reasons, staff education and involvement was 
recommended in most VAP prevention guidelines as American 
Thoracic Society and Infectious Disease Society of America5 (I), 
Center of Disease and Control3 (IA), SHEA and Infectious Dis-
ease Society of America25 (A-II)

 The pre-intervention VAP rate was higher than that 
reported in multicenter surveillance networks. The mean rates 
were 61 per 1000 ventilator-days in both ICUs. As compared 
to National Healthcare Safety Network 2008 (NHSN; formerly 
National Nosocomial Infections Surveillance [NNIS]) system, 
the 50th percentile of major teaching medical-surgical ICUs was 
2.3,91 INICC 2008 mean VAP rate of medical/surgical ICU was 
14.7,92 German Krankenhaus Infektions Surveillance System 
(KISS) surveillance system was 8.0 cases in all ICUs,93 and the 
French national surveillance system median rate in all ICUs was 
16.4 cases per 1000 ventilator-days in 2008.94

 In the post-intervention phase, the mean VAP rates 
were 41 per 1000 ventilator days in both ICUs. As compared 
to NHSN 2011, the 50th percentile of major teaching medical-
surgical ICU was 1,95 KISS mean VAP rate of 6.8.96 The large 
differences between our VAP rates and international VAP rate 
can be explained by several factors.

First: The NNIS and INICC utilized the CDC definitions while 
we utilized ACCP criteria for diagnosis. Skrupky et al97 when 
compared the CDC and ACCP definition in the same study group 
showed large discrepancy (1.2 vs. 8.5 per 1000 ventilator days). 
Similarly the difference between the NNIS, KISS rates and the 
rates in France might be attributed to the different criteria for 
defining VAP across networks.58 

Second: Studies from limited-resource countries have shown 
that VAP rates were more than three-fold higher than those in 
developed countries,35,92,98-99 where lower-middle income coun-
tries had higher VAP rates than upper-middle-income countries 
(9.0 vs. 0.5 per 1000 MV-days).100 Thus this higher VAP rate 
might be related to limitations associated with socioeconomic 
factors: the ICU equipment is less advanced than in developed 
countries, medical resources are relatively insufficient, there are 
crowded wards, patient-nurse ratio is low, and there is low com-
pliance with preventive measures.23 In an Egyptian respiratory 
ICU (in Cairo) VAP rate were 73.4 per 1000 ventilation days by 
CDC definition.101

 
Third: There were higher device associated infection rates and 
higher device-utilization ratios in major teaching hospitals 
(those hospitals with an important role in teaching programs and 
with clinical clerkships) than from all other hospitals.102 These
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differences may result from differences in case mix (including 
differences in numbers of patients with severe trauma or with 
organ transplantation), in staffing, or in procedures.102 Fourth: 
most of the surveillance system record the first VAP episodes or 
utilize the more rigid CDC criteria for diagnosis of second VAP 
attack by complete resolution of initial infections.103 Therefore, 
The high VAP rate per 1000 ventilator days in both the pre and 
the post-intervention phases showed the compelling need that 
initiated the present study and still demanding for further VAP 
intervention Campaigns.

 The major limitation of this study was the long time lag 
between the pre- and post-intervention phase (51 months) which 
might contributed to the resistance pattern of organisms prevail-
ing. Although, this might be partly attributed to the lack of re-
sources for program implementation, this might have attenuated 
the effect of the educational program. The second limitation of 
this study was that the personnel collecting the compliance to 
VAP preventive practices were different in both phases. In addi-
tion the observation of VAP preventive practices was only done 
in the morning shift in both the pre and post-intervention phases 
of both units.

 The third limitation that both pre and post-intervention 
phases were observational non-randomized study (ICU staff and 
patients were non-blinded to the intervention). This raised the 
possibility of factors that have occurred which accounted for 
these results. For these reasons, we evaluated confounding fac-
tors which are considered the risk factors for VAP and used it 
for risk stratification. However the double blinded randomized 
trial is not applicable for the educational program because of 
failure to segregate its effect from study and control groups and 
also randomization of patients to receive or not to receive good 
care that has been recognized by IHI and Joint Commission on 
Accreditation of Healthcare Organizations’ (JCAHO) may be 
unethical. Therefore educational program can only be applied 
through pre and post-intervention observation study as in all 
previous studies. Other factors like seasonal variation has been 
excluded as pre and post-intervention phase has been performed 
in the same months (both from September till May)

 The fourth limitation; that this was a single medical 
center study, so the results cannot be generalized to other hos-
pitals. However the quite similar results from several studies, 
suggests that this intervention might be applicable for other re-
source limited facilities, especially in developing countries. For 
this reasons, we explained our setting in details so that it can be 
compared to other facilities.

 The fifth limitation of our study was its susceptibility 
to a number of biases. The clinical diagnosis by the modified 
ACCP criteria had limited specificity 30,104-105 and the possibil-
ity of misclassification bias cannot be ruled out. However the 
same observer and diagnostic criteria were used in both the pre 

and post-intervention study groups which might have attenuated 
the effect of any misclassification bias. Also the same personnel 
performed all patients’ data collection in the pre and post-inter-
vention study group. Thus observer bias might have occurred, 
although discussion of all suspected VAP cases have been done 
with surveillance team. Similarly the health-care worker was 
informed of surveillance and might have haw-throne effect (ob-
server effect).

 In spite of the importance of top management support 
and full availability of supplies, VAP staff education was still 
effective in reducing VAP through tailoring of educational and 
procedural tools. As in relation to our initial failure to reduce 
VAP rate as with Hawe et al,8 Papadimos et al,69 Bigham et al,70 

and Cocanour et al71 it is suggested that active implementation 
strategies and multi-module program increase the success of 
VAP prevention programs.
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