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Abstract
Evidence suggests that smoking confers a persistent 
and/or exaggerated inflammatory response in the 
lungs that, with underlying genetic susceptibility, 
may result in lung remodeling and impaired repair. 
The innate immune response to smoking described 
above, which is modified by the mevalonate 
pathway, provides a plausible pathogenic link 
between the development of chronic obstructive 
pulmonary disease and lung cancer. The mevalonate 
pathway modifies innate responsiveness through 
important intracellular signaling molecules 
called guanine phosphate transferases (GTPases) 
such as Rho-A. Smoke exposure activates cell 
surface proteins which, through the mediating 
influence of GTPases, then modifies the activation 
of nuclear factor kappa -light-chain-enhancer 
of activated B cells (NFĸB) its downstream 
effects on genes underlying innate immunity, 
neutrophilic inflammation and carcinogenesis. The 
mevalonate pathway is modifiable through the 
enzyme 3-hydroxy-3-methyl-glutaryl-Coenzyme A 
(HMGCo-A) reductase. This enzyme controls the 
rate limiting step of the mevalonate pathway and 
is subject to inhibition by statin drugs (HMGCo-A 
reductase inhibitors) and small chain fatty acids 
derived from high dietary fiber intake. Ths, inhibitory 
effect dampens the innate immune response to 
smoking and may modify pulmonary inflammation 
and lung remodeling. This article is a symposia 
summary outlining the preclinical and clinical data 
suggesting that statins and a high-fiber diet may 
have a chemopreventive effect on lung cancer.

Introduction
There is growing evidence that persisting and/or 
exaggerated inflammation in the lungs, initiated 
by smoking and upregulated through genetic 
susceptibility, may underly lung remodeling 
and impaired repair that characterizes smok-
ing-related lung disease.1–3 This presentation 
summary proposes that through well-recog-
nized modifying effects from the mevalonate 
pathway, the innate immune response to 
chronic smoking contributes significantly to the 
development of chronic obstructive pulmonary 
disease (COPD) and lung cancer (figure  1).2–6 
The mevalonate pathway produces important 
intracellular signaling molecules called guanine 
phosphate transferases (GTPases) such as 
Rho-A.2 4–6 It is generally accepted that chronic 

smoke exposure activates cell surface proteins 
on both epithelium and immune cells, which 
then modify the activation of NFĸB and its 
downstream effects on the expression of genes 
of the innate immune system.2 4 The expression 
of these genes, encoding cytokines of the innate 
immune system, is modified by the action of the 
GTPases derived by the mevalonate pathway.2 
This observation has relevance to COPD and 
lung cancer because the mevalonate pathway 
is readily modified through inhibition of the 
enzyme 3-hydroxy-3-methyl-glutaryl-Coen-
zyme A (HMGCo-A) reductase.7–22 This enzyme 
controls the rate limiting step of the mevalonate 
pathway and is subject to inhibition by statin 
drugs and small chain fatty acids derived from 
high dietary fiber intake (figure 1 and figure 1 
of ref 22).2 7–22 Other modifiers of the inflam-
matory cytokines underlying the innate immune 
response may also play a role.23–25 The over-
riding impression is that by dampening the 
innate immune response to smoking, and inhib-
iting the pulmonary inflammatory response that 
follows, lung damage can be attenuated.2 8 26 27 
Such an action might slow the progression of 
COPD and reduce the tendency to the develop-
ment of lung cancer.10

Dampening the innate immune response
One possible mechanism whereby smoking 
affects the lungs is through the activation 
of cell surface receptors and the phospho-
inositide 3-kinase (PI3K) or related immune 
pathways.2 23–25 Although several receptors 
are implicated (eg, epidermal growth factor 
receptor   (EGFR) and other growth factor 
receptors), the cholinergic acetylcholine 
receptor that binds nicotine in the bronchial 
epithelium has been implicated by in vitro and 
genetic epidemiologic studies.28 29 Activation 
of these pathways, which underlie the innate 
immune system, result in an increased expres-
sion of inflammatory cytokines including inter-
leukin  (IL)-1, IL-6, IL-8 and tumor necrosis 
factor-α (TNFa). These cytokines play an 
important role in the inflammatory response, 
tissue repair and cell death. Collectively clinical, 
preclinical and epidemiologic studies implicate 
these inflammatory cytokines in the develop-
ment of COPD and lung cancer, in particular 
IL-1 and IL-6.2 7 8 23 24 30 31 Similarly, there is 
growing evidence that the reported 2–4 fold 
higher risk of lung cancer in current or former 
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smokers with COPD is secondary to the effects of smoking 
on these overlapping immune pathways.3 This raises the 
interesting hypothesis that some inhibition of the innate 
immune system might delay or prevent the development of 
COPD or lung cancer.14

Statins and cancer
Evidence suggesting that inhibition of the innate immune 
system might attenuate the development of lung cancer 
comes from many scientific studies, in particular two seminal 
studies.7 32 The first study showed that people taking statins 
have a 20%–30% reduction in smoking-related cancers.14 32 
Statins are drugs that inhibit the enzyme 3-hydroxy-3-meth-
yl-glutaryl-Coenzyme (HMGCo-A) reductase. This enzyme 
controls the rate limiting step of the mevalonate pathway 
through inhibition of the synthesis of molecular signaling 
molecules called GTPases. Inhibition of GTPases by statins 
reduces the expression on IL-6 by 30%–50% and may confer 
an antiproliferative effect. This statin effect is thought to be 
mediated through an IL-6 trans-signaling pathway and not 
through direct antagonism of the IL-6 receptor.20 This is 
important because in vitro studies have shown that upreg-
ulation of Rho-A (GTPase) has been linked to both COPD 
and lung cancer. The second study was a large randomized 
control trial of dual IL-6 and IL-1 inhibition in high-risk 
cardiovascular patients.7 Those on the IL-1 inhibitor had 
a 40%–50% reduction in lung cancer incidence compared 
with the placebo group over the 4 years of follow-up 
(figure  2). This study suggests that when combining IL-6 
and IL-1 inhibition,7 the progression to lung cancer in 
smokers was delayed or prevented and that dampening the 
innate immune system conferred some beneficial effects on 
lung carcinogenesis. However, this benefit was off-set by 
an increase in sepsis related deaths (table 1). In addition, 
large observational studies have suggested that reduction in 
lung cancer in those taking statin therapy may be in the 
order of 30%–50%.10 Collectively these studies support the 
hypothesis that dampening of the innate immune response 
to smoking-related inflammation may reduce the develop-
ment of lung cancer.

Statins in COPD
Recently, two small randomized studies in patients with 
COPD have shown biopsy evidence that after statin 
therapy, there was a reduction in epithelial inflammation 
of the lung compared with baseline (pretreatment) and 
not seen in those on placebo.30 31 This provides direct 
evidence of a pulmonary benefit directly conferred by 
statins and might explain the numerous studies suggesting 
a reduction in exacerbations of COPD and mortality in 
patients with COPD taking statins compared with those 
not.14 33–35 We have suggested that the relatively poorer 
outcomes from those with COPD not on statins is due 
to unrecognized cardiorespiratory disease (the ‘unhealthy 
non-user effect’).35 Indeed, it has been known for decades 
that current or former smokers with impaired lung func-
tion (characteristic of COPD) have premature death from 
cardiovascular, respiratory and cancer causes.3 We and 
others have shown that as lung function declines, (higher 
GOLD grade), there is a comparable increased risk of lung 
cancer incidence, lung cancer deaths and cardiovascular 
deaths.3 36 This observation leads us to suggest that the 
innate immune response characterized by an increase in 
systemic inflammatory markers such as IL-6 and CRP, are 
associated with an increased risk of COPD, coronary heart 
disease and lung cancer. It is on this basis that statin-based 
modification of the mevalonate pathways may reduce the 
incidence of these complications from smoking. Other 
benefits attributed to statin therapy includes an antioxi-
dant and antiproliferative effect.8 10

Fiber, the gut microbiome, COPD and lung cancer
We and others have proposed that the gut microbiome 
is also able to moderate the innate immune system and, 
through this mechanism, moderate the effect of smoking on 
the lung.8 37 38 Numerous studies have shown that diets high 
in fiber reduces the risk of COPD and death from respi-
ratory disease or smoking-related cancers.8 37 38 High-fiber 
diets promote the growth of gut bacteria known to secrete 
anti-inflammatory molecules (small chain fatty acids) which 
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Figure 1  Proposed relationship between the mevalonate pathway, smoking, chronic obstructive pulmonary disease and lung cancer.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2018-000829 on 20 F
ebruary 2019. D

ow
nloaded from

 



3Hopkins RJ, Young RP. J Investig Med 2019;0:1–4. doi:10.1136/jim-2018-000829

Experimental Biology Symposia

are absorbed into the portal circulation and then the system 
circulation.8 One of these small chain fatty acids (butyrate) 
inhibits the mevalonate pathway in the liver.15 Limited 
evidence suggests that the liver plays a modifying role in 
lung infection through dampening of the innate immune 
response to infection.21 This is notable because high-fiber 
diets are associated most dramatically with a reduction in 
deaths from infection where pneumonia and multiorgan 
dysfunction syndrome are prevalent. These diseases are 
characterized by an excessive innate immune response 
where elevations of the inflammatory cytokines correlate 

with mortality. Smaller reduction in respiratory deaths 
and cardiovascular deaths are reported, along with smok-
ing-related cancers.5 We conclude that a high-fiber diet is 
associated with significant reductions in COPD-related 
symptoms, COPD and respiratory deaths. Further animal 
studies are needed to identify the mechanism underlying 
this fiber–gut–smoking interaction where the mevalonate 
pathway and innate immune responsiveness may well play 
important parts.

Summary
In summary, we suggest there exists growing and consistent 
evidence that dampening of the innate immune response 
can improve outcomes in those with COPD. This might be 
achieved through diet or drugs modifying the mevalonate 
pathway and opens up a plethora of possible preventive 
approaches to smoking-related lung disease to augment 
existing smoking cessation interventions.
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Figure 2  Absolute rates of lung cancer incidence and mortality in the Canakinumab Anti-Inflammatory Thrombosis Outcomes 
Study (CANTOS)7 relative to lung cancer incidence during the follow-up interval 3–4 years of the NLST* CXR arm. CXR, chest X-ray; 
NLST*, National Lung Screening Trial is the largest lung cancer screening trial to date and reported a 20% reduction in lung cancer 
mortality through the identification and surgical treatment of early stage non-small cell cancer. Over the same duration of follow-up in 
the CXR arm of the NLST, we found a comparable incidence of lung cancer to that in the placebo arm of CANTOS (1.61% and 1.82% 
respectively).34 

Table 1  A comparison of observed minus expected outcomes 
in relation to cause-specific mortality (data sourced from Ridker 
et al7)

Cause of death

Deaths in 
placebo*
(n=3344 total)

Death in 
treated
(n=6717 total)

Expected 
deaths†

Observed-
expected
(difference [%])

Lung cancer 38 39 77 −38 (−49)

Other cancers 43 76 86 −10 (−12)

Sepsis 23 78 46 +32 (+70)

Cardiovascular 182 319 366 −47 (−13)

Other/unknown 89 193 178 +15 (+8)

Total 375 705 753 −48

†The absolute number of expected deaths in the treated arm were calculated according 
to deaths in the placebo arm*. These were estimated to be approximately twofold that 
in the placebo arm.7
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