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Abstract. Lung cancer is still one of the top cancer types that require worldwide effort in screening
and prevention, as well as development of treatment. In this paper, the epidemiology of lung cancer
has been summarized and the risk factors contributing to lung cancer have been discussed. In
addition, a novel target for lung cancer treatment - ZNF24, has been discussed in brief.
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1. Lung Cancer Epidemiology

1.1. The importance of lung cancer epidemiology studies

Nowadays, with the improvement of primary and secondary prevention for cardiovascular diseases,
cancer has become one of the leading factors of premature death in many countries. As shown in
Figure 1, cancer is ranked as the first and second contributing factors of premature death in over 70%
of the countries as well as 3rd-4th leading cause in 24% of the countries investigated. In addition,
researchers have found out that, in general, cancer mortality rates are related to various factors,
including socioeconomic status[1]. For example, in countries with longer life expectancy, higher
average education level and higher average income, cancer mortality rates are declining due to earlier
detection, more efficient intervention methods and state-of-the-art medical treatments[2].

Lung cancer is the most common type of cancer in the world, leading in both incidence rates and
mortality rates compared to other types of cancers. Lung cancer incidence and mortality rates vary
mainly because of different exposure to tobacco smoking, reflected on the different trends shown by
different sexes in respective countries. As shown in Figure 2, in men, countries like the UK, the USA,
New Zealand and Canada where the first smoking epidemic took place were also the countries in
which the trend of smoking decreased earlier. This is probably because, in countries like these, the
smoking epidemic took place before the study timeframe. Thus, the incidence rate and mortality rate
decreased in the studied timeframe. In countries with historically low lung cancer incidence rates like
Costa Rica, Ecuador and India or intermediate lung cancer incidence rates like Japan and Turkey, the
incidence rate and mortality rate has increased or stabilized over the past 40 years. As shown in Figure
3, in women, the tobacco smoking habit developed more recently so that in most countries the
incidence rates and mortality rates reached a peak and started to drop recently.

1.2. Lung Cancer Classification

Lung cancer classification allows one to categorize cancers based on cellular identity and in turn
can guide the therapeutic approach. According to the WHO, there are 80 different forms of lung
cancer classified into 9 main categories[4]. These can also be classified in, adenomas,
adenocarcinoma, squamous cell carcinoma, and large cell carcinoma, which traditionally have been
classified as Non Small Cell Lung Cancer (NSCLC), and account for about 85% of lung cancer cases.
The other main category of lung cancers is neuroendocrine tumors, which also comprise Small Cell
Lung Cancer (SCLC). Adenocarcinoma is the most common type of lung cancer, it approximately
accounts for 40% of lung cancers.

1.2.1. Different Stages of Lung Cancer or TNM Stages

Correct staging classification can facilitate clinical research and communication of research results.
TNM staging is represented by three factors: the feature/extent of the primary tumor (T), involvement
of lymph node(s) (N), and metastases (M) into distant organs/tissues, as shown in Table 1. In
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summary, based on the histopathology and size of the primary tumor, lung cancer can be classified
into 7 stages[5]. Additionally, N stages are evaluated based on the extent of involvement of various
lymph nodes and, lastly, M staging is assigned to classify the cancer based on the presence of
metastases.

Another staging system is the one that classifies lung cancer depending on the extent to which it
has spread in the body. As such, the cancer can be localized, if there is no evidence it has spread
outside lung tissues; regional, if it has spread to lymph nodes or nearby structures; and lastly, distant,
if it has metastasized. Based on this classification, the Surveillance, Epidemiology, and End Results
(SEER) database[6],which is overseen by the National Cancer Institute, reported 5-year survival rates
that can be found in Table 2. The table illustrates the poorer prognosis seen in SCLC patients as
compared to NSCLC patients.

2. Environmental Risk Factors Related to Lung Cancer

Studying etiology of cancer is important and essential in the research of cancer prevention because
it brings the knowledge of the root cause of cancer, which helps people know about the cause of
cancer. Elucidating risk factors that contribute to cancer development and progression is crucial to
decrease cancer risk.

2.1. Smoking

Smoking plays a substantial role in cancer progression. Cigarette smoking causes at least 20
different forms of cancer. It is estimated that about 1.3 billion people use tobacco in the world and
about 2.4 million tobacco-related cancer-death happen per year[3]. Tobacco smoking is responsible
for 63% of overall global deaths from lung cancer, and 90% of lung cancer deaths in countries where
smoking is prevalent. The use of electronic nicotine delivery systems (e-cigarettes) has been growing
in popularity in the past decade, yet, there is still a dearth of knowledge regarding the harmful effects
caused by nicotine vaping. While work published by Haussman and colleagues suggests that nicotine
IS not a carcinogen in humans and rodents[7], other studies disagree and propose that nicotine
exposure may cause toxicity and inflammation as well as promote DNA damage and inhibit repair
mechanisms and the production of DNA repair proteins[8], thus in turn promote cancer
progression[9]. However, carcinogens in cigarette smoking are more than nicotine. As pointed out by
Li et al., there are more than 69 carcinogens in smoking cigarettes, including acrylamide, benzene
and more[10]. Similarly, cannabis smoking might also lead to lung cancer. As cannabis smoke
contains polycyclic aromatic hydrocarbons and other carcinogens[11], its connection with lung
cancer has been a focus of recent studies[12], [13]. Yet, more research is needed to corroborate these
claims.

2.2. Air Pollution

Air pollution is a well-established factor that contributes to cancer progression and it can be
classified as outdoor pollution, such as particles of aerodynamic diameter less than 2.5 pm or ambient
ozone, and indoor pollution, such as particles produced due to incomplete combustion of solid fuels
for cooking and heating[14]. All these are collectively classified as carcinogens and have been
assigned IARC monographs based on risk.

2.3. Heavy Metals

Heavy metals can cause cancer[3]. They can damage our DNA directly, leading to changes that
cause abnormal cellular growth. This can cause cell cycle dysfunction and promote cancer
progression cycle dysfunction and promote cancer progression. Also, these metals contribute to the
production of reactive oxygen species, known as ROS, which in turn promote inflammation and cell
damage. These particles can damage proteins, lipids and DNA, thus causing mutations. The risk
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depends on the kind of metal, the amount of exposure, exposure time, and the human body’s
resistance to the metal.

2.4. lonizing Radiation

lonizing radiation has the potential to cause double strand breaks and in turn cause mutations and
genomic instability, thus further contributing to cancer progression. Normally, cells can repair DNA
damage. But if the damage is too extensive, or if the repair process fails, mutations accumulate.
When these mutations occur in protooncogenes or oncosuppressors, such as for instance genes coding
for proteins controlling cell proliferation, differentiation, apoptosis and cell cycle regulation, they can
contribute to cancer development. Risk level depends on the amount and type of radiation, as well as
the duration of exposure to radiation,

3. Genetic Factors That Contribute to Lung Cancer

3.1. Somatic vs Germline Mutations

Somatic mutations and germline mutations can both contribute to cancer progression®. Current
research suggests that somatic mutations give a major contribution to cancer. Yet, recent studies
investigate germline participation in lung cancer[15]. Irrespective of the origin of such mutations,
studies show that there are a handful of key pathways that are altered in cancerous cells. These include
those involved in proliferation, cell cycle, motility and epigenetics regulation.

3.2. Key Genes and Pathways

EGFR & Proliferation (Adenocarcinoma & Squamous Cell Carcinoma): In both adenocarcinoma
and squamous cell carcinoma, the activation of the EGFR pathway promotes cell proliferation,
leading to tumor progression. EGFR is involved in cell signaling pathways that control cell division
and survival. Gain-of-function-mutations on the EGFR gene can increase its expression level thus
leading to faster growth and cancer development.

p53 & Cell Cycle (Adenocarcinoma): In adenocarcinoma, mutations in the p53 gene disrupt
normal cell cycle regulation, facilitating uncontrolled cell division. p53 is a key oncosuppressor gene
that is also called the guardian of the genome as it plays a major role in regulation of cell-division
stimulation protein (cdk2). p53 is vital in maintaining proper cell division cycles in cells working as
a sentinel to detect and repair genomic instability.

Motility & LKB1 (Adenocarcinoma): LKB1 gene mutations in adenocarcinoma can impair
cellular motility, influencing tumor spreading and metastasis. LKB1 positively regulates AMPK and
its downstream kinases, which in turn controls cell growth and metabolism.

Epigenetics & SMARCA4 (Adenocarcinoma): Alterations in the SMARCA4 gene impact
epigenetic regulation in adenocarcinoma, affecting gene expression and contributing to tumor
progression. SMARCAA4 is vital in chromatin remodeling, which in turn regulates many of the key
gene expression pathways involved in cancer development.

In addition to these genes and pathways, transcription factors are recently gaining more and more
attention on their role played in cancer progression. Zinc fingers and SCAN-domain are a promising
field of study. The ZSCAN factors have a zinc finger and a SCAN-domain (leucine rich region).
Recent studies have identified 54 members of the ZSCAN family that share similar structure, most
of them contain C2H2-domain and a SCAN-domain[16]. All these have different biological functions
in cancer progression.

4. The Role of ZNF24 in Cancer

ZNF24, also called Zinc finger transcription factor 24, is a member of the zinc finger transcription
factor family. ZNF24 was first discovered via molecular cloning from hematopoietic cells by Han et
al. in 1999[17]. Studies carried out by Liu Xinyang et al. have shown that ZNF24 has tumor
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suppression functions in gastric cancer[18]. In addition, Bo Pang et al. performed studies that showed
that ZNF24 can suppress NSCLC growth by inhibiting the Wnt pathway[19]. This study was
corroborated by the in vivo genome-wide CRISPER screening of lung cancer tumor suppressor genes
conducted by Lu Liu et al[20].

5. Summary

In this paper, the current epidemiology studies about lung cancer were discussed and summarized.
In addition, the environmental risk factors that can contribute to lung cancer were also discussed and
summarized. Furthermore, some new studies about a novel genetic target - ZNF24, were also
summarized and discussed.
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Figure 1. Map of cancer as the leading cause of premature death.

In the figure, the importance of cancer as a cause of premature death between the ages of 30-69
was marked by different colors on the map[3].
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Figure 2. Trendlines of age-standardized lung cancer incidence rates and mortality rates of men
from different countries[3].

Figure 2a describes the trends of lung cancer incidence rates for men in various countries. Figure
2b shows the mortality rates trends of lung cancer in men in various countries.
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Figure 3. Trendlines of age-standardized lung cancer incidence rates and mortality rates of women
from different countries[3].

Figure 3a shows the lung cancer incidence rates vs time in various countries. Figure 3b shows the
lung cancer mortality rates vs time in various countries.
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There is also a sex-related relationship between Human Development Index (HDI)! and lung
cancer incidence and mortality rates. In Countries with high HDI, sex is a risk factor for cancer. For
women, high HDI countries exhibit a higher incidence and mortality rates than low HDI countries.
For men, high HDI countries exhibit a lower incidence and mortality rates than low HDI countries.

Table 1. TNM staging criteria explained in brief description[5].

Descriptor Definition
Tx Malignant cells found by washing or his_topathological testings but not visible
radiologically.
TO Primary tumor not visible.
Tis Carcinoma found in situ.
T1-T4 Tumors are separated into T1-T4 based on the s_ize_betw_een <3cmto > 7 cm. From
T1 to T4, the tumor also shows progressive invasion of nearby tissues.
NX Evaluation of regional lymph nodes not available.
NO No sign of involvement of regional lymph nodes.
N1-N3 From N1 to N3, more involvements of lymph nodes are observed.
MO Metastases not detected
M1 Metastases present
Mx Evaluation of metastases not available.
Table 2. 5-year survival rate based on lung cancer stages.
5-year survival rate based on SEER lung cancer stage [%]
SEER Stage NSCLC SCLC
Localized 65 30
Regional 37 18
Distant 9 3
All combined 28 7
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