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Abstract
Background: With increased cigarette smoking worldwide, greater numbers of
inflammatory diseases have been recorded. Coronary diseases, pulmonary diseases,
and cancers of different types are all associated with cigarette smoking. In Saudi Arabia,
people start smoking at an early age, which could lead to acceleration in immune system
issues. The presence of biological parameters that could be used to diagnose possible
inflammatory mechanisms would speed the discovery of new therapeutic approaches.
Methodology: In this study, we examined the concentration of AAT, TNF-α and MMP9 in serums for smokers and nonsmokers in the young Saudi male population, aged 19
to 35 years old. Results: The recorded data showed a significant increase in both TNF-α
and MMP-9, with mean ± SEM as 239.5 ± 43.14 vs. 83.02 ± 11.96 with P values of 0.0004
(3571 ± 542.5 vs. 1718 ± 137.3) and 0.0430, respectively. The AAT was higher in smokers
compared with the control group, even though it did not reach a significant level (7.039
± 093 vs. 4.465 ± 0.3901). We did not record any correlation between the measured
parameters and packs/year of smokers. Conclusion: In conclusion, our results
confirmed the possibility of using AAT, TNF-α and MMP-9 in the early diagnosis of
immune system alterations associated with smoking. Understanding the mechanisms
behind the development of chronic inflammatory disease would help in the prevention
of complications and enable the discovery of therapeutic agents.
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Introduction
Cigarette smoking is a major cause of morbidity and mortality
worldwide. [1] It is recognized as the second leading risk factor
for death globally by the World Health Organization. [2] A study
of 7,317 adults across 13 regions of Saudi Arabia found that
21.4% are smokers, and, of that sector, 32.9% are male and
3.9% are female. [3]
Additionally, exposure to tobacco smoke has been linked to
the development of chronic diseases, including pulmonary
diseases, heart infections, cancer, and transplant rejection. [4]
Smoking is also a major risk factor for obstruction of airflow
in chronic obstructive pulmonary disease (COPD) patients.
[5]
In addition, smoking influences the number of biological
mediators of inflammation, leading to an immunosuppressant
state. [6] In the lungs, smoking increases the number of white
blood cells, including macrophages, neutrophils, mast cells,
and eosinophil’s. It also alters macrophages’ and neutrophils’
function and decreases the number of airway dendritic cells. [7,8]
Macrophages and neutrophils are the 2 major cells that release
various proteolytic enzymes in excess of their natural inhibitors,
leading to lung tissue destruction and trichomegaly. [9]
Some of the inflammatory mediators released by alveolar
macrophages during an inflammatory state may play a role in
the development of different diseases; these mediators include
the matrix metalloproteinase (MMP) family, or MMP-9,
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most important for tissue remodeling; tumor necrosis factor-α
(TNF-α); and α-1 antitrypsin (AAT).
AAT is known to be the most abundant circulatory serine
protease inhibitor, secreted mainly by hepatocytes. Deficiency
in AAT due to a genetic mutation can result in liver failure and
lung disease. [10] In addition, AAT is also produced in lower
concentrations by alveolar macrophages and delivered directly
to the lungs, under the regulation of inflammatory mediators
such as liposaccharides, IL-6, TNF-α, IL1-β and elastase in
doses, depending on timing. [11,12]
In addition, Matrix metalloproteinase is a family of enzymes
active in the remolding of extracellular matrix components.
Gelatinase B (MMP-9) is controlled by various cytokines
and cellular interactions; the activation of the pro-enzyme by
a cascade of enzymes comprising serine proteases and other
MMPs; and regulation by specific tissue inhibitors of MMPs
(TIMPs) or by unspecific inhibitors, such as 2-macroglobulin. [13]
Recently, reports have shown that there has been an increase in
the expression of MMP-9 by alveolar macrophages in cigarette
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smokers, compared with nonsmokers. [14] Overexpression leads
to degradation of the lung tissue, possibly a cause of COPD. [15]
In contrast, TNF-α is secreted by alveolar macrophages, which
in turn may enhance the production of MMP-9. [16] TNF-α is
one of the proinflammatory cytokines that plays a central role
in the induction of pulmonary diseases. [17,18] Moreover, TNF-α
regulates AAT, a neutrophil protease inhibitor.
Smoking may lead to the over production of neutrophil elastase,
which causes tissue damage and lung emphysema. Importantly,
AAT is central to the required balance of protease antiprotease,
featured during the inflammatory response. Cigarette smoking
may affect AAT production, which explains its role in the
development of COPD. [19]
In this study, we aimed to measure the concentration of these 3
macrophage inflammatory markers— AAT, TNF-α and MMP9 in young male smokers to find a possible correlation among
them as lung disease biomarkers.

Methods
Participants
In this study, we examined a total of 80 volunteers after
getting their written consent. Overall, 36 nonsmokers and 44
smokers aged between 19 and 35 with a minimum of 2 years
of smoking were included. All were reported healthy, with no
known immunological, cardiovascular, or pulmonary disorders,
according to the surveys collected.
Sample collection and analysis
We drew blood in a serum tube, clotted at room temperature
for 30–40 min and then centrifuged at 2500 rpm for 15 min; the

serum was immediately frozen at 2–4ºC for further analysis. All
markers were analyzed using commercially available ELISA
kits: TNF-α (Bioassay Technology Laboratory, Shanghai,
China, (Cat. No. E0082Hu), MMP-9(Bioassay Technology
Laboratory; Shanghai, China; (Cat. No. E0936Hu), and AAT
(Bioassay Technology Laboratory; Shanghai, China; Cat. No.
E0753Hu).
Statistical analysis
We analyzed the data using Graph Pad Prism software and
presented all data as Mean ± SEM; we also utilized the
Mann-Whitney U test for the comparison of means within
each parameter in the 2 groups (smokers and control group).
Finally, we performed a correlation test between the measured
parameters and packs/year, considering data significant if the P
value was ≤ 0.05.

Results
We measured the serum levels of AAT, TNF-α and MMP-9
and compared them in a group of smokers and a control group
of nonsmokers. According to the data collected, there was a
significant increase in the serum level of TNF-α in smokers
compared with the control group (239.5 ± 43.14 vs. 83.02 ±
11.96), with a P value of 0.0004. In addition, the serum level
of MMP-9 showed a significant increase in smokers compared
to nonsmokers (3571 ± 542.5 vs. 1718 ± 137.3), with a P value
of 0.0430. Finally, the serum AAT was higher in smokers
compared with nonsmokers, but it did not reach a significant
level (7.039 ± 0.893 vs. 4.465 ± 0.3901), as shown in Figure 1.
As we looked at the measured inflammatory markers and the
pack/year, we did not record any correlation, as shown in Figure 2.

Figure 1: Comparisons of serum levels of AAT, TNF-α and MMP-9 between smokers and non smokers. Significant increase in the
level of TNF-α and MMP-9 was recorded after Mann Whitney test as P values were (0.0004 and 0.0430) respectively.
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Figure 2. correlation of serum levels of AAT, TNF-α, and MMP-9 in smokers with pack
years. No positive correlation was recorded.

Figure 2: Correlation of serum levels of AAT, TNF-α and MMP-9 in smokers with pack years. No positive correlation was recorded.

Discussion
With the increase of cigarette smoking from an early age and
an increase in studies indicating its role in the development
of chronic diseases, it is important to highlight the possible
mechanisms underlying its contribution to the progression
of these health problems. Cigarette smoking is related to the
development of immunological, cardiovascular, pulmonary,
and different cancer types following prolonged consumption. [20]
Young adults start smoking early, and the effect of cigarettes
on their immunological response is a promising research
area in which we could uncover possible alterations in their
immunological systems and their related diseases. In this study,
we aimed to analyze the alterations associated with some
important inflammatory markers used as biomarkers for chronic
inflammation.
AAT is a glycoprotein secreted by the liver in response to
inflammation, functioning as a proteinase inhibitor. According
to studies, the most important proteinase is neutrophil elastase,
well-known for its role in the development of emphysema
causing convective tissue destruction. AAT helps control the
elastase activity, according to the proteinase/antiproteinase
theory. [21] Many clinical diagnoseshave shown that individuals
with deficiencies in this protein, a condition known as
AATD, can develop emphysema and COPD. This disorder is
genetically proven to be inherited. However, other factors such
as cigarette smoking could be related to it. [22] In addition, AAT
has been shown to have antiapoptotic potency against caspase
3, a cystine protease known as a regulator of programmed cell
death. Lockett indicated the impairment of the antiapoptotic
activity of AAT in smokers, which could explain the increased
apoptosis of epithelial and alveolar macrophages in smokers
with developed COPD. [23]
In this study, we compared the serum levels of AAT in younger
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smokers and nonsmokers to confirm the possibility of its use
in the prediction of lung disease development. Sayyed showed
the inhibitory effect of cigarette smoking on the serum levels
of AAT in smokers, compared to levels in a control group,
thus explaining its role in the development of COPD. [24] Our
data suggested the possibility of increased AAT levels in
smokers compared to nonsmokers. This supports Linja, who
demonstrated an increase of AAT in the plasma of smokers, with
or without COPD. [25] Additionally, we confirmed Serapinas’s
results, showing increased serum levels of AAT in current
smokers or former smokers, compared with a nonsmoking
control group. These findings could also explain the role of
AAT in the development of COPD; its increased levels in
the blood resulting from systemic inflammation, meeting the
elevated levels of alveolar neutrophil elastase, and proving
to be a marker for increased risk of COPD development, as
a result of low-grade lung inflammation. [26] Our participants
were young smokers; elevated levels of AAT produced by the
liver to protect the lungs of smokers against elastase would
be an important diagnostic indicator of the risk of developing
lung disease. In contrast, lower levels of AAT in individuals
with AATD syndrome were also shown to be important for
determining the development and severity of COPD, via either a
shifting protease/antiprotease balance or an antiapoptotic effect
on programmed cell death, as explained previously.
TNF-α is a well-known proinflammatory cytokine produced
by a number of cells; the most important of these cells are
macrophages. They are the first line of defense against pathogens
and inflammatory mediators. The increased production of TNF
by macrophages leads to the delivery of other cells in addition
to neutrophils and macrophages to the lungs, thus aiding lung
tissue destruction. [27]
Our results showed a significant increase in the serum TNF-α
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of smokers compared to the control group, corroborated by
many studies. Petrescu showed elevated levels of TNF-α serum
in smokers compared with a control group, demonstrating
increasingly positive coloration with the number of packs/
day, which indicated an increased TNF-α level in smokers who
consumed more than 1pack/day. [13] Moreover, other studies
support the association of smoking with increased TNF-α
production. [22] This may indicate the pro-inflammatory state
development of smokers, which could be a biomarker for the
development of pulmonary diseases.
MMP-9 is produced by activated T-cells, mast cells,
macrophages, and vascular epithelial cells in response to such
inflammatory mediators as cigarette smoke and reactive oxygen
species. [28] A balance between metalloproteinase degradative
enzymes and the TIMPs is required for normal lung functionality
tissue remodeling and repair. Researchers have found that
increased levels of these enzymes are associated with increased
alveolar connective tissue degradation. [29] Our data showed a
significant increase in systemic MMP-9 in smokers, compared
with the control group, which could suggest it could be used
as a biomarker for the development of lung abnormality and
destruction. Atkinson also showed an increased level of MMP9 in smokers with emphysema correlated with the severity of
emphysema; the researcher also pointed out, however, that
it could not be used as a biomarker for the development of
emphysema. [30] Other studies also demonstrated the correlation
of cigarette smoking with elevated levels of MMP-9,as well as
their association with emphysema development. [31,32]

Conclusion
In conclusion, all the biological parameters measured could
be used as indicators for lung abnormality and pulmonary
disease development. The presence of AAT, TNF-α, and
MMP-9 has been proven to play an important role in normal
lung tissue development; any associated alterations could result
in pulmonary tissue damage and the subsequent development
of COPD, emphysema, and other diseases that obstruct the
airways. Assessment of alveolar health is required, but taking
into account early signs of the presence of lung abnormality
biomarkers and their development in young subjects alongside
smoking habits could be useful for preventive and therapeutic
discoveries.
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