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Mini Review

An inflammatory response is a general defence mechanism of host
immune system to combat invading pathogens [1]. Acute
inflammation is a rapid and self-limiting process in which tightly
controlled inflammation is critical for host defence, wound healing and
maintenance of tissue homeostasis. When the inflammatory cells are
not able to eliminate pathogens, however, acute inflammation changes
into chronic inflammation that is associated with several disorders
including chronic obstructive pulmonary disease (COPD) and lung
cancer (LC) [2].

COPD is a chronic inflammatory disease featured by progressive
destruction of lung tissues and airway obstruction. Currently, it is the
third leading cause of death globally and becomes a major public
health burden worldwide [3]. Current drugs are mainly effective in the
improvement of symptoms and exacerbations, and there is no cure
available for the disease [4]. COPD is caused mainly by cigarette
smoking whereas other inhaled pollutants such as indoor cooking and
work-place exposures also play an important role in COPD [3].
Although cigarette smoke (CS) is the major risk factor for COPD, only
~20-30% of long-term smokers develop the disease, demonstrating
that disease susceptibility varies significantly among smokers.
Cigarette smoking cessation is regarded currently as the most
important intervention to prevent COPD progression [5]. But while
cigarette smoking cessation can preclude the progression of COPD in
some patients (referred as reversibly susceptible smokers), quitting
smoking fails to slow or prevent the COPD progression in others, who
are referred as severely susceptible smokers [6]. The detailed
understanding of different effects of smoking cessation has not been
fully obtained.

It is now widely accepted that inflammation and cancer are closely
related [7-10]. As the lungs are constantly exposed to environmental
insults, which may lead to chronic inflammatory injuries and infection,
the link between inflammation and cancer is especially strong in LC
patients [11]. Currently, LC is the leading cause of cancer-associated
deaths globally with a 5-year survival rate averaging only about 15%
[11]. CS is also the major cause for LC. Despite ongoing efforts for the
reduction of smoking prevalence, cigarette smoking still causes ~90%
of lung cancers [12] and ~15% of lifetime smokers develop the disease
[13]. Cigarette smoke (CS) contains more than 8000 components
including oxidants such as superoxide and nitrogen oxides and toxins
that may cause inflammation, and 73 of which are carcinogens [14].
Long-term exposure of CS to the lung can result in chronic
inflammation that generates an inflammatory microenvironment for
lung tumor initiation and progression [11].

Since COPD and LC have the same etiological agent, CS, the link
between these two diseases has attracted tremendous attention in

recent years [15]. Numerous studies have found an increased risk for
LC in patients with COPD [12]. LC is about five times more frequently
to occur in COPD patients than those without COPD [13]. A most
important link between COPD and LC is chronic inflammation
[11,12]. While COPD is a chronic inflammatory disease, dysregulated
inflammation in COPD is critical for increasing risk of LC [11].
However, an issue is raised regarding the profiles of immune cells in
COPD and LC patients. As COPD and LC are diametrically opposed
in nature, their immune cell profiles would be very different [2,12]. In
COPD, the immune cells such as CD8+ T cells are cytotoxic (often
pro-inflammatory) predominantly, while the immune cells, e.g.,
myeloid-derived suppressive cells (MDSCs), in LC are often anti-
cytotoxic and immunosuppressive [2,12]. How this apparently
contradictory cell profile is achieved in an LC patient with COPD is
not fully understood. Although CS exposure experiments in rodent
can reliably reproduce emphysema [16], they cannot produce lung
cancer because rodents have different anatomy of the upper respiratory
tract so that they are obligate nose-only breathers [14]. Despite
significant advances in using A/J] mice to develop adenomas upon CS
exposure, it is still very difficult to study both diseases in experiments
[12], in particular, to measure the temporal sequence of inflammation
in these diseases in an animal model or a human subject as COPD and
LC both are complex and progressive chronic disorders. Here,
computer modelling can be of great help to study the dynamic
properties of COPD and LC upon CS exposure and the mechanistic
links between these two diseases.

A CS-induced chronic inflammatory response involves both innate
and adaptive immune system and is mediated by a complicated
network consisting of multiple immune cell types, molecular
mediators, and tissues. This network bears a feature with multiple
temporal and spatial scales. For example, cytokine regulation of signal
transduction for cell function usually happens on a sub-second
timescale, while cell secretion of cytokines takes minutes to hours [17].

To describe CS-induced COPD progression, we proposed a
multiscale network model as shown in Figure 1. In this network model,
the nodes represent important cytokines, immune cells, and lung
tissues, whereas the edges represent the interactions between these
network components [17]. The network dynamics for the cytokines,
immune cells and tissue damage (TD) can be evaluated by a set of
ordinary differential equations (ODEs) [17]. In our modelling study,
several positive feedback loops and network components are identified,
playing a determinant role in the CS-induced inflammatory response
in COPD progression. The results in this study have shown that CS-
induced COPD progression is a multistep process from an acute to a
chronic phase. In the acute phase, the innate immune response
predominates. During the transition from an innate to an adaptive
response, if M1 (denoted as pro-inflammatory macrophage) cells
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predominate over M2 (denoted as anti-inflammatory/regulated
macrophage) cells, the system will proceed to high-grade chronic
inflammation and eventually toward stable COPD, in which the
adaptive immunity plays a predominant role. But when M2 (Treg) cells
are dominant over M1 (Th17 and CD8+ T) cells, the acute
inflammation turns into the low-level chronic inflammation, and
COPD does not happen. Our simulations offer rationales for the
above-mentioned issues regarding CS-induced COPD as seen in Figure
2a and 2b [17]. Different smokers have distinct parameters, to which
the TD outcome is sensitive, in the ODEs. For example, different values
of the parameter, k13, which represents the rate constant of the M1
contribution to TD, correspond to smokers with different levels of
susceptibility. Figure 2 shows that when k13 is less than 2.6 x 102 ml/
(cell day), TD remains at relatively low level (<30%), showing a COPD
resistant feature. While k13 lies in a value range between 2.6 x 102 and
0.31 ml/(cell day), COPD can happen, however, smoking cessation
results in TD decreasing to the baseline (Figure 2b). In this situation,
COPD is reversible. When k13 is larger than 0.31 ml/(cell day), TD is
reduced to some extent at the steady state, but still remains at a high
level (larger than 30%) after smoking cessation. Therefore, our
simulations disclose that there are three types of smokers in
accordance with their COPD susceptibilities, i.e., resistant, reversely
susceptible and severely susceptible smokers. While long-term
cigarette smoking can cause just low-grade chronic inflammation in
resistant smokers but without COPD, the disease can occur in
susceptible smokers under the same CS exposure conditions (Figure 2).
After CS cessation, COPD can be stopped in reversibly susceptible
smokers, whereas the disease cannot be completely reversed in severely
susceptible smokers, as shown in (Figure 2).

To study CS-induced LC initiation and progression, the above
COPD-associated network model was extended by adding lung tumor
(LT) and associated cells and molecular mediators [18]. In this model,
several LT-related positive feedback loops are identified. For instance,
while CD8+T cells performs antitumor function, LTs can secret
checkpoint molecules such as the programmed death-1 ligand (PD-L1)
or cytotoxic T lymphocyte antigen-4 (CTLA-4) to down-regulate the
antitumor activity of CD8+T cells [19]. Therefore, the positive
feedback loops, LT>PD-L1 (CTLA-4) CD8+T LT, are formed, playing
a critical role in LC progression. Targeting these immune checkpoint
molecules to unleash a patients own T cells is revolutionizing cancer
therapies [20]. In addition, LT produces macrophage colony-
stimulating factor (M-CSF) to recruit MDSCs that suppress the
antitumor activities of CD8+ T cells, forming another positive
feedback loop, LT>M-CSF -| CD8+T - LT. MDSCs also secret IL-6
and TGF-P to activate Th-17 that produces IL-17 to promote the
recruitment of MDSC, ie., MDSC~> (IL-6+TGF-p)
>Th17-IL17>MDSC [21]. While IL-17 can promote antitumor
activity through the activation of CD8+T cells, MDSC thus plays both
pro-tumor and antitumor roles in LC development. Indeed, immune
cells often perform such dual functions in tumor initiation and
progression. Our modeling study has demonstrated that CS-induced
LC development is a multiphase process and chronic inflammation in
COPD progression generates a microenvironment for LT initiation and
progression [18].

Lung parenchyma

Figure 1. Network model for CS-induced immune response. There
are two types of inputs initiated from a node: a positive or an up-
regulation input (denoted by ->) indicates that an increasing of the
concentration of the tail node will lead to an increasing of that of
the head node or an up-regulation of the process when the input
arrow ends at an edge between two nodes, and vice versa for a
negative or a down-regulation (inhibition) input (denoted by - ).
Interactions between various nodes that represent cytokines,
immune cells, and TD are described [17].

CS: Cigarette Smoke; M0: Immature Macrophage; M1: Classically
Activated Macrophage; M2: Alternatively Activated Macrophage;
DCO0: Immature Dendritic Cell; DC: Activated Dendritic Cell; ThO:
Immature T helper 1 Cell; Thl: T helper 1 Cell; Th2: T helper 2 Cell;
Th17: T helper 17 Cell; TO: Immature Cytotoxic T Cell; CD8+:
CD8+ T Cell; Treg: Regulatory T Cell; TNF-a: Tumor Necrosis
Factor-a; IFN-y: Interferon-y; TGF-B: Transforming Growth
Factor-f; TD: Tissue Damage.
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Figure 2. Dynamics of TD with different values of k13 and effects of
cigarette smoking cessation. (a) k13<2.6 x 102 ml/(cell day)
corresponds to resistant smokers (TD<30%), while k13 > 2.6 x 102
ml/(cell day) is associated with susceptible smokers. (b) Effects of
smoking cessation after 2500 days of CS exposure. 2.6 x 102 ml/
(cell day) < kl13<0.31 ml/(cell day) corresponds to reversible
susceptible smokers and COPD is reversible. k13 > 0.31 ml/(cell
day) is associated with severely susceptible smokers. In this case,
COPD is not reversible.

CS-induced chronic inflammation resulting in COPD and LC is a
highly complicated and dynamic process, which involves tremendous
amounts of interactions between molecular mediators, immune cells
and lung tissues. Multiscale modeling offers a useful approach to
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elucidate the cellular and molecular mechanisms of these diseases and
to explore the mechanistic links between them.
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