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Breaths of death: Breaths of death: 
how smoking leads to lung cancerhow smoking leads to lung cancer
BY MERVE OZDEMIR

According to the CDC, around 40 
million adults in the US smoke 

cigarettes, and around half a million Amer-
icans die each year from smoking-related 
causes.1 !e numbers are even more con-
cerning worldwide, especially in lower in-
come countries. According to the World 
Health Organization (WHO), tobacco use 
kills around 8 million people each year, 
with 80% of smokers being from low- or 
middle-income countries. WHO has gone 
so far as to call this “the tobacco epidemic.”2

!e bulk of smoking-related deaths are 
caused by lung cancer, one of the most com-
mon and deadly cancers. According to the 
NIH (National Cancer Institute), 8 to 9 out 
of 10 lung cancer cases are caused by tobac-
co use in some form—whether it be smok-
ing cigarettes or e-cigarettes or simply being 
exposed to second-hand smoke.3 Tobacco 
has been proven to be the biggest risk fac-
tor in lung cancer for many years.  In fact, 
the correlation is so strong that smokers are 

but not at all in the modern day.4 With the 
rapid advance of technology and modern-
ization, our environment and lifestyles have 
changed rapidly without giving our emo-
tions and fears time to match pace. While 
we may scream at the sight of a harmless 
spider in our homes, millions of people poi-
son themselves with deadly tobacco smoke 
everyday.

!e lack of fear surrounding tobacco 
use and lung cancer also partially lies in a 
lack of scienti"c education about the sub-
ject. !ough the sentence, “Smoking causes 
lung cancer,” is repeated everywhere, many 
people do not fully grasp the grim conse-
quences smoking has on one’s lungs and the 
pathology underlying this deadly disease. 
Understanding the science behind smoking 
is an essential step in the process of quitting. 

WHAT IS LUNG CANCER?

Cancer is a disease where cells grow 

at a 20 times higher risk of developing lung 
cancer than non-smokers.

It is curious that, despite the dangers 
of smoking being known for decades, many 
smokers do not quit, and many non-smok-
ers still get into the habit of smoking. “Every 
day, about 1,600 U.S. youth younger than 18 
years smoke their "rst cigarette,” reports the 
CDC.  !e persistence of smoking as a habit 
in our society is equal parts concerning and 
counter-intuitive; considering how many 
deaths cigarettes cause each year, we should 
all be horri"ed even at the sight of one. So 
why aren’t we? Scientists believe that the 
answer lies in our evolution—or, rather, the 
lack of it. Many of our human emotions and 
responses to the environment stem from 
our evolutionary past, explains evolution-
ary biologist Gordon H. Orians in his book 
Snakes, Sunrises and Shakespeare. Among 
the most common human fears include 
snakes, spiders, or heights, all of which were 
common causes of death for our ancestors 

FEATURES



64               Berkeley Scienti!c Journal | FALL 2022

uncontrollably and spread to near-
by tissues. Lung cancer is a type of cancer 
that develops in the lungs. It includes many 
di#erent types, each of which grow and 
are treated di#erently. Cancer that begins 
in the lungs can potentially spread to the 
lymph nodes or other organs in the body in 
a process called metastasis, which is o$en 
incredibly dangerous and occurs in the lat-
er, more severe stages of cancer progression.

Unlike diseases that are caused by in-
fections with a speci"c pathogen resulting 
in similar symptoms or requiring simi-
lar treatments across patients, cancer is a 
broad term that refers to a variety of ab-
normal growths in the body. Lung cancers 
also exhibit substantial variability between 
individuals and have many di#erent genet-
ic origins. However, almost all cancers are 
caused by alterations in the genetic material 
of a single cell; whether it is a mutation that 
deletes an important regulatory/inhibitory 
gene in the cell or a genetic alteration that 
leads to higher expression of a cancer-caus-
ing gene, some genetic alteration causes a 
single cell to grow uncontrollably, eventual-
ly developing into cancer. 

HOW DOES SMOKING CAUSE LUNG 
CANCER?

!ese abnormalities in DNA can be 
caused by mutagens, which are substances 
that can mutate or alter the genetic material. 
Substances that speci"cally cause cancer by 
altering the DNA are called “carcinogens.” 
!is is the main mechanism through which 
smoking leads to cancer. !ere are about 
7000 chemicals in cigarette smoke, and more 
than a tenth of them are known carcino-
gens. Every time somebody inhales cigarette 
smoke, they are introducing these chem-
icals into their body, where these carcino-
gens can potentially attack their DNA. Ev-
ery breath of smoke is a gamble on one’s life.

One of the carcinogens known to be 
present in tobacco smoke is called ben-
zo(a)pyrene (BP). Although BP is one 
of the many carcinogens that can lead to 
lung cancer in smokers, it is unique be-
cause of its discovery and role in the histo-
ry of cancer research. Sources of BP other 
than cigarette smoke include car exhaust, 
burned meat, and, most importantly, soot, 
which is commonly found inside chimneys. 

In 1775, Dr. Percivall Pott in London 

— a problem that has pushed the "eld 
towards more personalized approaches 
that are patient speci"c. However, some 
genes are mutated in cancer more o$en 
than others, and not every mutation has 
the same e#ect on tumor progression.

Mutations that “drive” cancer pro-
gression are known as driver mutations. 
Some of the important driver mutations 
for non-small cell lung cancer (NSCLC) 
a#ect the Epidermal Growth Factor Recep-
tor (EGFR) gene, which encodes a receptor 
that binds growth factors in response to 
growth signals, leading the cell to grow.10  
An overactive EGFR could lead to cells 
growing abnormally and uncontrollably — 
a feature important for cancer progression. 
Many current therapies target these known 
driver mutations. For instance, many lung 
cancer patients with EGFR mutations are 
treated by a class of drugs called tyrosine 
kinase inhibitors (TKIs) which slow tu-
mor growth by preventing  the activation 
of EGFR. However, many tumors develop 
resistance against these therapies, which is 
a huge challenge in cancer treatment today. 

THE ALTERNATIVE

In recent years, the use of  electronic 
cigarettes has increased as an alternative to 
smoking, especially among young popula-
tions. Many e-cigarette companies particu-
larly target teens and young adults, leading 
to the so-called “vaping epidemic” where 
more than 2.5 million youth use e-ciga-
rettes, as reported by the CDC. !ere has 
been many discussions around the safety 
of e-cigarettes and their damaging e#ects 
on the young individuals who use them. 
However, a lot is still unknown about these 
devices.11 

E-cigarettes are electronic devices that 
come in various shapes and sizes, that work 
by heating and vaporizing a liquid to pro-
duce air droplets, or “aerosols,” that the con-
sumer inhales. Most e-cigarettes contain 
nicotine, although in di#erent amounts, as 
well as other chemicals that give it a taste or 
%avor. In addition to the highly carcinogen-
ic nicotine and the many %avoring chemi-
cals that could be toxic, e-cigarettes contain 
many other harmful substances that could 
damage the lungs, airways and even the 
heart.12 It is important to realize that al-
though they seem and are even marketed 

published a report noting a curious obser-
vation: the incidence of scrotum cancer 
seemed to be strongly linked with chimney 
sweeps who, at the time, were mostly young 
boys.5 During that time, it was common 
for these boys to enter chimneys with their 
thighs naked. A by-product of combustion 
in the chimney, soot is a dangerous carcin-
ogen which, a$er Pott’s observation, was 
found to be sticking to the chimney sweep’s 
sweaty skin at the scrotum region, getting 
stuck in between the wrinkles, and being 
rubbed against the layers of skin.6 !ese 
unsafe working conditions, together with 
improper hygiene that kept soot from be-
ing washed away, contributed to the devel-
opment of scrotum cancer in these boys.  

But how does BP cause cancer? Al-
though not active in its natural form, once 
BP enters the body, an enzyme called cy-
tochrome p450 reacts with it, transform-
ing it into its active form.7 !e active BP is 
incredibly reactive and quickly attacks the 
DNA in the cell, leading to mutations. Due 
to its high reactivity, BP has a short half-life, 
meaning that it is quickly degraded in the 
cell. !e short half-life of BP implies that 
its damage will largely be limited to the cell 
it "rst encounters; in the case of smoking, 
this is lung cells. Although smoking can 
lead to other types of cancers as well, the 
quick reactivity and short half-life of car-
cinogens like BP explain the strong cor-
relation it has with lung cancer speci"cally.  

!e “active” form of BP refers to its 
water soluble form called an epoxide, 
which is particularly good at binding DNA. 
DNA-bound  epoxides look like bulky at-
tachments that are also called DNA ad-
ducts, that bend the DNA and change its 
shape. !e presence of DNA adducts not 
only causes the DNA to change its shape, 
but also leads to mistakes in DNA replica-
tion, which can have severe consequences. 
Smokers show elevated levels of DNA ad-
ducts in lung and other tissues compared 
to non-smokers, explaining their increased 
risk of cancer.8 Research has also shown 
that in people who have quit smoking, 
DNA adduct levels decrease in proportion 
to the time they have been smoke-free.9

!ere is not one single mutation that 
causes cancer; di#erent patients have 
di#erent mutational burdens in di#er-
ent genes, so it is di&cult to "nd a single 
cure that will work in every cancer case 
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as harmless, e-cigarettes are devices whose 
long-term e#ects have not yet been stud-
ied, and have already been shown to cause 
multiple detrimental e#ects on the human 
body. At the end of the day, the best — and 
perhaps only — way to prevent cancer and 
other smoking-related diseases, is to quit 
smoking altogether. 

LOOKING AHEAD

Reducing the use of cigarettes and 
vapes can lead to a future where the inci-
dence of cancer is lower. !ough it is gener-
ally known that smoking is dangerous, the 
science behind it is not always discussed. 
Access to information and a scienti"c edu-
cation is key to making people understand 
the biology of cancer and the role smoking 
plays in it. 
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