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Abstract 
Radon as radioactive gas is distributed naturally in free air environments with potential risk to 

health and cancer disease. Radon with certain radiation exposure dose has both negative and 
positive effects impacting human cell immunity and protein molecules. The decreased immune cells 
and molecular proteins caused by radon will impact on lung cancer through unique mechanism and 
carcinogenesis risk.  There is substantial evidence that the dose of radon exposure has effected in 
human immunity. However, literature body on radon exposure and doses are not systematically 
arranged. This paper provides a review explaining the exact dose of the exposure systematically. 
This paper describes the effect of both high and low doses of radon exposure to human body. This 
paper also summarizes the effect of both doses toward cellular and molecular levels impacting the 
pulmonary carcinogenesis risks. This paper also explains the mechanism of p53 mutation caused 
by radon exposure and exposure type toward the patient. We also describe the exposure effect 
toward patients with background of non-smoking, smoking and uranium miners. Finally, we 
compare the radon exposure toward human immune mechanism and the genetic responses. This 
paper provides significant analysis result in explaining radon-induced carcinogenesis as risk 
identifiers especially at cellular and molecular level. 
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Introduction 

 
Radon as radioactive emitter is an inert 

gas from soil and rock in mining areas1. There 
are many sources of radon such as uranium, 
radium and asbestos.2 Many studies has reported 
significant advantages and disadvantages of the 
radon exposure. However, there is a debatable 
issue about the doses of radon exposures to bring 
negative impacts on human health especially its 
role in the lung cancer mechanism.3–6 Many 
scholars proposed evidence of lung carcinogenesis, 
especially in the UK and US studies.7,8 Although 
lung disease is dominated by smoking behavior, 
however, cigarette smoke does not have a 

carcinogenesis effect as strong as radon gas 
exposure.8 Other scholars have shown that 
radon gas can interact with cigarette smoke 
which strengthens radon exposure to produce 
aerosols impacting lung carcinogenesis.9–11 The 
mechanism of radon exposure is given in 
Fig.1.Previous epidemiological studies have 
showed that radon exposure is dominant source 
of lung cancer risk. In addition, there appears to 
be a stronger relationship between estimated 
radon exposure and lung cancer in cases of 
small cell carcinoma and adenocarcinoma.12–14 

However, some scholars have faced 
difficulty determining the safety exposure dose 
even on lowest dose levels.15–17 Fortunately, low 
doses of exposure limit to prevent radiation 
penetration are between 47 μm and 70 μm 
depth.18 This range is important in detecting 
radon airborne exposure to prevent inhalation 
into bronchial epithelium and bifurcation site.19 
This lead to a question that radon exposure can 
have both positive and negative effects in certain 
range of dose limit. From negative side, such 
exposure dose can lead to immunity problem in 
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human body. The problem is indicated by 
mutations of mutagenesis events experienced by 
a cell nucleus of DNA.20 It is characterized by 
changes in the DNA mutation and amino acids 
substitution. Some scholars suggested that radon 
exposure can penetrate the epidermal layer to a 
skin depth of 10-40 μm which has the potential to 
cause non-melanoma skin cancer (NMSC) and 
squamous cell carcinoma in the skin flesh.21,22 In 
addition, although at the lowest dose of 6.0 MeV, 
there was a rare occurrence of radon gas 
experienced by some patients such as leukemia, 
gastrointestinal malignancy.23,24 

 

 
 
Figure 1. Inhaled and Ingested 

Mechanism Cellular and Organ Response 
Caused by Radon Exposure. 

 
From positive side, radon gas has been 

studied for therapy purposes ,for example radon 
gas in small doses can reduce perceived pain 
and increase joint mobility, especially in people 
with rheumatoid arthritis.25,26 However, there is a 
rare validated result to gives more stronger 
evidence. From the cytogenetic study, it can be 
seen that radon gas provides cellular and 
molecular mechanisms that form the elucidation 
of radon neoplastic potential and affect the 
nerves to reduce pain even though it is 
potentially increase mutation event. Despite 
carcinogenic effects, radon gas is practiced by 
the cultural community for pain relief therapy. 
This lead scholar debate about the positive and 
negative effects of radon as a carcinogen and as 
a material therapy.27–29 Some natural springs, 
thermal pools or aquatic environments have 

radon based rocks which are all located in areas 
with very high radon concentrations to thousands 

of 𝐵𝑞𝑚−3s.3,9 
Previous studies also have lack of 

information about the safest lower limit and 
scarcity of mechanism explanation about the 
exposure dose limit to impact human immune. 
This situation leads the authors to observe and 
compare previous studies and their approach to 
understand the dose of exposure limit.29,30 In 
addition, this paper takes a position to collect 
information about the evidence of the range of 
doses and the exposure. We also summarize 
previous literature about radon exposure and the 
safe doses limit including the radon exposure 
toward human immune mechanism and genetic 
effects even at low exposure levels. Part one 
consisted of problem formulation and our 
background in arranging this paper review. Part 
two explains about the recent literature body of 
radon exposure and dose limit. Part three 
explains the methodology we used to search and 
analysis. Part four provides analysis result and 
part five contains conclusion and suggestion. 
 

Literature Review 
 

Radon exposure and immune system 
In human body, the immune system is 

mediated by the role of p53 protein as 
biomarkers.31–34 The biomarker works as tumor 
suppressor gene to block cell apoptosis and DNA 
damage.19,35,36 When radon exposure reaching to 
p53 suppressor gene, the gene will mutate which 
lead to broken DNA chain and activation of p53 
mutation.19 This situation is one of the most 
common molecular steps in cancer development.9 
The p53 mutation has been identified as starter 
in human lung cancer 5 with reported prevalence 
to be highest in small cell carcinoma (> 70%) and 
lowest in adenocarcinoma (33%).5,37,38 The main 
mechanism of p53 mutation which caused by 
radon exposure is given in Table 1. The studies 
show the collected results in patients exposed to 
radon. They showed that only 2% (1 in 50) of the 
tumors studied showed mutation in codon 249 as 
evidence of squamous cell carcinoma. Other 
study also reported that squamous cell has been 
mutated into carcinoma mutation which 
experienced by a patient located or working near 
radiation source hotspot.39 Other study reported 
that lung cancer can develop to three levels, 
namely squamous cell carcinoma, adenocarcinoma 
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and small cell carcinoma due to the codon 
mutation of 249g transversion.5,9 The mutation is 
mediated by radon exposure. In addition Ruano-
Ravina et al., showed that TP53 hotspot 
mutations can have various effects between mine 
workers and common population.36 

 

Name 
P53 

Protein 
Phase Conclusion 

Rivlin, 

et al., 

(2011)
40

 

Yes 

multistep 

malignant 

transformation 

Involvement of p53 

inactivation at various tumor 

geneses stages and 

highlights the specific 

contribution of p53 mutations 

at each stage of cancer 

development after radon 

exposure. 

 

Wild 

& Turner 

(2002)
41

 

Yes Aflatoxin B1 

Presenting evidence that 

aflatoxin B1 induces G: C to 

T: A transversion in codon 

249 of TP53 

 

Guengeri

ch, 

et al., 

(2001)
42

 

Yes Aflatoxin B1 

Aflatoxin B1 can be 

enzymatically activated in 

human hepatocytes of third 

base of the 249 codon after 

radon exposure for years. 

 

Hussain, 

et al., 

(2007) 

Yes in vitro 

Expressions of 249 serine 

mutations will inhibit p53-

dependent apoptosis and 

transcription decreasing liver 

cell growth in vitro after 

radon exposure in residential 

areas. 

 
Table 1. Review of Mechanism of P53 Mutation 
Caused by Radon Exposure. 
 

TP53 mutation in non-mine individuals 
Radon exposure has alpha emission 

disturbing cell ability of tumor suppressor genes 
and tissue homeostasis.43 The exposure also can 
reduce the cellular proliferation, terminal 
differentiation and programmed cell death.5,9 
High dose of radon exposure on p53 tumor 
suppressor gene will mutate the energy spectrum 
of p53 etiology leading to cancer pathogenesis.3-8 
This caused 6.5 million cancer cases worldwide 
per year with 2.4 million tumors are presumed by 
p53 mutations.44–46 Such mutation has been 
related to three types of radon exposure, e.g., 

high (reaching 200 𝐵𝑞𝑚−3 ), low (less than 20 

𝐵𝑞𝑚−3 ) and mid-level exposures (between 20-

200 𝐵𝑞𝑚−3) (Dixon, 2001). These figures have 
been studied by Hainaut & Pfeifer, (2001) which 
provide evidence that p53 mutation hotspot at 

codon 249 is really happened at 14 smokers or 3 
non-smokers with lung cancer. The p53 mutation 
has been caused by relatively low radon 

concentrations between 11.1 and 51.8 𝐵𝑞𝑚−3.47 
Such dose limits are below the mainstream study 
of radon dose exposure. Therefore, we provide 
new analysis of the dose limit and radon 
exposure including the effect toward the patient. 
The mechanism is summarized in Table 2. 

 

Name 
P53 

Protein 

Smoking 

(SM), 

Non-

smoking 

(NS) 

Total Conclusion 

Taylor 

& 

Stark. 

(2001) 

Mutations 

in p53 

genes 

SM and 

NS 

3 or 5 

miners  

6 (31%) of 52 large 

cells and squamous 

cells from miners 

contained the same 

AGG as ATG 

transversion at codon 

249, including cancers 

from 3 or 5 never-

smoking-miners 

Cho, 

et al., 

(2017) 

TP53 

mutations 
SM 

28 

cases 

GS TP53 mutations 

were more common in 

GS cases (20/28, 70%) 

compared to GBM 

cases (29/90, 32%)  

 
Table 2. Types of Radon Exposure and the 
Effect Toward the Patients. 

Other scholar has reported 126 lung 
cancers (including adenoid, broncho-aleveolar, 
squamous, small cell and mixed carcinoma) from 
ex-smoking (n = 9) and non-smoking (n = 117) 
women, aged between 41 and 84 at the time of 
diagnosis. The study showed a higher frequency 
of p53 mutations in former smokers (67%) than in 
non-smokers (19%). The lung cancer caused by 
p53 mutations are experienced by smokers and 
non-or ex-smokers with various mutation 
frequencies even though none of them providing 
statistically significant relationship of p53 
mutation and radon exposure.9 This means that 
p53 mutation pattern associated with radon 
exposure was not consistent after comparing the 
dataset of the non-mining group. 

HPRT and BCL-2 mutations in non-
mining patients 
Hypoxanthine-guanine phosphoribosyl 

transferase (HPRT) is an indicator of significant 
positive correlation between mutant frequency 
and indoor radon exposure. There is a growing 
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interest to understand the mechanism of radon 
exposure toward non-mining patients. A possible 
approach to solving the problem of radon 
exposure is to look for evidence of somatic cell 
damage caused by radiation. Population 
monitoring of genetic damage by analyzing the 
patient blood samples has been studied for years 
especially based on cytogenetic approach and 
gene mutations endpoints.48 Such approach 
determines the mutation frequencies in 
"replacement" genes. 

In a UK study, it has reported a higher 
frequency of the genes mutants has indicated the 
radon exposure by measuring the hypoxanthine-
guanine phosphoribosyl transferase (HPRT) 
locus in 19 subjects.49,50 The study concluded a 
significant positive correlation between mutant 
frequency and indoor radon exposure in the UK. 
Similarly, in a German study, an increase in 
chromosomal aberrations was seen in peripheral 
lymphocytes from 25 occupants of 9 homes with 
high indoor radon concentrations.51 In contrast, 
smaller studies involving 11 people have found 
no correlation of radon exposure with low doses 

of 16- 90 𝐵𝑞𝑚−3. 52 Other study has taken an 
ecological study of residential radon exposure to 
understand the incidence of lung cancer. The 
study suggested a synergistic effect of high 
smoking and radon exposure toward lung cancer 
by observing non-smokers.53 The study result of 
observing relationship of HPRT and radon 
exposure among non-smoking participants is 
given in Table 2. 

From ecological studies there is novel 
evidence of radon exposure such as leukemia. 
There is increased trend of leukemia case and 
other cancers risk in areas with high radon dose 
especially in residential areas although small 
case-control studies did not find a relationship 
between childhood cancer and radon 
exposure.54,55 Some reports  indicated that the 
effects can be more pronounced for childhood 
leukemia, especially myeloid leukemia. Despite 
the great skepticism with the report validation, 
however, more rigorous studies of the potential 
risks associated with radon are growing interest 
among scholars.23,51,55  

Fortunately, there is growing evidence of 
induction of HPRT mutants after exposure, 
especially in 11 individuals with radon 
concentration dwellings with inverse association 

between HPRT mutation and exposure levels. 
Other scholars have proposed different effect of 
radon exposure in residential area with 

concentrations ranging from 50 to 3300 𝐵𝑞𝑚−3 

with average concentration of 100 𝐵𝑞𝑚−3 .55 
Similar results of inverse relationship between 
domestic residential radon exposure and HPRT 
mutation frequency.9,49,50 The report recommends 
that low doses exposure of radon has damaging 
effect especially toward HPRT mechanism. 

Other radon exposure is also reported 
which showed that flight engineers (n = 28) can 
be exposed to radon radiation even though it is 
lack of statistically significant validation on the 
radon and HPRT mutations relationship.56 Lack 
of definitive result of the radon radiation and its 
frequency of HPRT mutations become main 
attention among HPRT observer. Shahbazi-
Gahrouei et al. suggesting that the lack of 
statistical significance is caused by weak data 
validation.57 Since various individual 
characteristics and history, there is validated 
result to support the effect of HPRT mutations for 
individuals working in flight activity. This result 
needs more validation to understand the radon 
exposure and ionizing radiation toward increased 
frequency of HPRT mutants.9,50 In addition, it 
also needs to understand the effect of mutation 
especially in lymphocytes by using dosimeters 
over a 72-week period although no correlation 
was observed in the study. 

 
Chromosome aberrations 
Uranium mine has become main source 

of radon exposure. Many scholars have taken 
interest in the high frequency of chromosomal 
aberration (CA) in uranium miners and other 
radon exposures.58 Apart from ionizing radiation, 
there are other agents in underground work 
environments such as arsenic, diesel exhausts, 
welding smoke or genotoxic rock.52,59 Chomosomal 
abberations had been related to chromatid 
exchange among non-exposed population.9,58,60 
The mechanism of chromosomal aberration in 
radon source area is summarized in Table 3. 
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Name 
Chromosome 
Aberrations 

Amount  Age Exposure  Objectives  Results 

Wolf, et al., 

(2004) 
Yes  

23 

workers 

more than 60 

years old 

 

peripheral 

lymphocytes from 66 

WUM and 29 RCM  

comparing 

chromosomal 

aberrations in uranium 

Wismut (WUM) 

mineralized 

lymphocytes and Ruhr 

coal miners (RCM) 

Frequency of 

chromosomal 

aberration and 

chromatid exchange 

in WUM and RCM is 

quite similar 

Mészáros, 

G., & 

Bognár, G. 

(2004) 

Yes 

165 

uranium 

miners 

35 and 65, 50 

and 78 

 

The emission of 1.3 x 

105 MeV of potential 

energy 

Chromosome aberration 

analysis was carried out 

on blood samples from 

165 active underground 

uranium miners 

between 1981 and 1985 

Acentric frequency, 

however, decreased 

significantly, but even 

the lowest values 

remained 2-3 times 

higher than the values 

in the non-exposed 

population. 

Santa Maria 

et al., 

(2007) 

Yes 38 miners 

45,28,36 and 

26 years 

 

Cells were collected 

by centrifugation, 

briefly suspended in 

hypotonic pre-heating 

0.075 M KCl and 

repaired twice in 

acetic acid / methanol 

(1: 3, v / v). 

Analyzing the frequency 

of chromosomal 

aberrations in peripheral 

lymphocytes from 

underground miners 

from Casapalca. 

Cytogenetic 

biomonitoring results 

are considered as a 

valuable index for 

exposure to genotoxic 

carcinogens  

 
Table 3. Effect of Radiation Exposure Toward Chromosomal Abberations. 

 
There are many studies reporting 

indicator of chromosomal aberration induced by 
radiation in the grouping population especially 
among mining workers. The mining workers have 
"unstable" cell abberations but only three cells 
from the controlled patients have a classification 
of chromosomal changes and acentric fragment 
type.51 This finding is consistent with the study 
conclusion type that the miners' nonpulmonary 
cells undergo mutation changes as a 
consequence of radiation exposure encountered 
from the uranium mine. The difference between 
the worker and control group in the prevalence of 
lymphocyte chromosomal aberrations is 
statistically significant and the magnitude is 
biological importance. This finding is consistent 
that workers’ nonpulmonary cells has undergo 
mutation changes as a consequence of radiation 
exposure from uranium mine.6,20 

 
Chromosomal aberration in non-
mining patients 
Although many studies have reported 

relationship between frequency of chromosomal 
aberration and radon exposure, there is lack of 

validated result for the non-occupational 
exposure especially in the workers who got blood 
lymphocytes compared to subjects who had a 
local residence.61 A study showed the domestic 
risk of radon exposure at lower doses. In addition, 
the increased frequency in chromosomal 
aberration is higher for occupational exposures 
than nuclear workers.62 However, the study did 
not explain the people background to validate the 
relationship of high background radiation 
concentrations and the effects of chromosomal 
rest. They used self-administered to observe 
socioeconomic status rather than radiation 
characteristics to validate the results. An Austrian 
reported that population can be exposed to high 
levels of radon radiation even though they are 
not mining workers.63 The study gives evidence 
that a dose-response effect even the low dose 
exposure can bring chromosomal abberations. 

Such abberations in lymphocytes also 
found by using suitable epidemiological 
approach.19,64 The study found case of patient 
deaths from all types of cancer in higher radiation 
doses. The study contains validation approach by 
comparing both control and independent group 
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especially in the radiation areas and the 
exposure levels compared to control area. In 
addition, the study reported higher rates of 
dysenteric formation, leukemia and lung cancers 
for both genders. The study provides evidence of 
dicentric and ring formation in lymphocytes case 
with radon concentrations known to be 4 to 60 

times the German study average of 50𝐵𝑞𝑚−3 . 
Other study has different result. For example, a 
Finnish study found no correlation between 
domestic radon concentrations (<100 to> 800 

𝐵𝑞𝑚−3 ) in 84 non- smoker with chromosomal 
aberrations. However, there is no further evidence 
for a relationship between high chromosomal 
aberration frequencies in peripheral blood 
lymphocytes as indicators of cancer risk this lead 
to a gap in cancer risk study to understand the 
frequency of chromosal abberations to compare 
high and low frequency of radon concentrations 
toward the abberations in blood lymphocytes. 

This approach can be validated and 
expanded by including children and adolescents, 
from areas of high radon concentrations to 
understand the relationship of chromosal 
aberration and radon exposure mediated by any 
aberrations of chromosome breaks and acentric 
fragments. 

 
Low doses of radon exposure 
Radon exposures have been studies in 

many doses to understand the impact of radon 
gas toward human peripheral lymphocytes. 
Some studies used in vivo and in vitro have 
estimated the effect of exposure of 18 cGy radon 
toward chromosomal aberration and chromatid 
removal.65,66,67 

There is a trend that cells exposed to 
increasing doses will lead to abberations in short 
term.9,68 The previous study also showed that 
about half lower doses toward pre-exposed cells 
of 2 cGy will show an adaptive effect especially 
toward haemopoietic cells.60,69 it has provided 
evidence that haemopoietic cells with doses of 
pu-238 will show a higher aberration frequency in 
clonal offspring.70 This preliminary evidence still 
contains debatable results especially on the 
transgene instability and abnormalities of 
chromosome bone marrow cells. Other study 
reported that case was observed in two of the 
four individuals to impact the chromosomal 
instability and leukemia chromatid sister 
exchange.23 This is reasonable since the study 
only measured a low dose of 0.31 mGy alpha 

radiation toward the human pulmonary fibroblast 
cells. Similar result has been reported. 52,64 
Radon doses from 0.4 to 12.9 cGy to estimate 
number of alpha traversals cellular particles and 
suggests that alpha particle irradiation was 
associated with an extranuclear mechanism. A 
follow-up study in the same cell type also noted 
that abberations in cells are not directly affected 
by alpha particles.60,71 This means that radon 
exposure only give small effect if the exposure 
drive extranuclear effect after exposed in 
superoxide and hydrogen peroxide anions after 
being exposed to alpha particles. 

Direct irradiation and transmission of 
effects to non-irradiation cells of pulmonary 
fibroblasts after exposure to cell irradiation also 
have been confirmed by other studies. Some 
scholars provided evidence of transformation 
factor beta 1 (TGF-P1) cytokines as mediators of 
chromosomal response. Similar results observing 
promitogenic effects of cell growth augmentation 
to produce TP53 protein and 1A cyclin kinase-
kinase inhibitor (CDKN1A).72 This result is 
validated by using Western blotting to measure 
the decreased cell division control protein 2 
(CDC2) after patients are Pu-238 irradiated in 
years. 

However, there is lack of evidence 
especially of the relationship of chromosomal 
aberration and diethlyenetriamine pentaacetic 
acid (DTPA) to prevent external exposure in 
blood lymphocytes. Low dose of exposure (0.03-
41.4 mGy) using polonium-214 toward blood 
lymphocytes will increase frequency of dicentric 
and acentric fragments.70 Similar result that the 
doses derived from the radon gas apparatus will 
bring frequency of irregularities if the doses are 
increased from 0.03 to 0.10 mGy.73 Certain 
exposure will have linear dose effect as response 
to low dose exposure. This result is different by 
comparing the in vitro study and the synergistic 
effect of radon and smoking examines in patients 
of smokers and non-smokers at exposure 0.10-5 
Gy. Streffer, et al., also reported that radon 
exposure on smoker lymphocytes were more 
unstable even the doses are increased from 0.9 
and 5.2 mGy.74 This means that radon-induced 
dicent fragments, acentric fragments and 
chromatid breaks are occurred with very small 
doses. The results are important since we can 
determine the quality of radon exposure to 
measure various effects toward intracellular 
level.8,75 In very small doses, radon exposure has 
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tendency to increase frequency of chromosomal 
aberration to detect DNA damage in areas of 
high radiation sources. In addition, it is important 
to validate the result to understand the incidence 
of cancer risk and correlation between the 
abberations and cancer risk. 
 

Methodology 
 

Methodology is useful for directing this 
paper to be consistent and sequential. The 
reason we took the title of this paper is to find out 
the dose of radon exposure on human lung cell 
immunity.76,77 We collect information and data 
from Google Scholar with certain keywords from 
previous longest years up to the latest years. We 
also included sources of names and groups of 
researchers including the reasons for taking the 
topic. For that we use search engines from 
Google Scholar, EBSCO, Web of Science, 
ASSIA via ProQuest, Medline via WoS, and the 
Cochrane Library. The methodology in this 
review paper consists of six stages. 

The first stage is radon exposure and 
immune system. This is done by comparing the 
prediction model for lung cancer and validation 
studies. We compiled an article search strategy 
related to radon exposure, dose, and its effects 
on the human immune system. We use certain 
search keywords related to "Lung Cancer", "risk 
models", risk assessment models", and 
"predicted scores". 

In the second stage, to obtain information 
related to p53 mutation in non-mine patients, we 
used keywords in the form of "lung cancer and 
p53 mutation", "lung cancer among non-mine 
workers", and "lung cancer experienced by non-
miners", and "p53 mutation among workers". In 
the third stage, we would like to look for articles 
related to HPRT and BCL-2 mutations in non-
mining patients. For the purpose, we use key 
words such as "lung cancer screening", "HPRT 
after lung cancer incidence", "HPRT among non-
mining patients", and "HPRT and BCL-2 
mutations for both male and female patients". 

In the fourth stage, we want to know 
information about the effects of radon exposure 
on chromosome aberrations. To achieve the 
objective, we typed in a list of keywords including 
"models of lung cancer and chromosome 
abberations", "chromosome abberations in male 
lung cancer", "chromosomal abberations in 
female lung cancer", and "radon exposure effects 

on chromosome abberations". In the fifth stage, 
to find out the prediction model for lung cancer, 
especially for Chromosomal aberration in non-
mining patients, we look for the model title. We 
also look for validation both internally and 
externally. This was done by using the keywords 
such as "predictive model of lung cancer", 
"chromosomal aberration as a predictive model 
of lung cancer", and "chromosomal abberations 
in non-mining patients". 

Finally, in the sixth stage, we want to find 
journals and articles that explain very small low 
doses of radon exposure. Our goal is to find and 
compare the less well-known models including 
their mechanism for identifying lung cancer. We 
also found a small portion that low exposure can 
be detected because other researchers have 
used more accurate technology. However, 
technology issues of radon measurement are not 
the scope of our review paper. To find out 
models of very low dosage of radon exposure, 
we use the following keywords: "Low doses of 
radon exposure", "model of radon exposure in 
low doses", "very small low radon exposure 
dosage". 
 

Discussion 
 

Low doses, radon gas can interact with 
fresh air which inhaled into human lung to shape 
complex chemical compound. The compound is 
inhaled through certain mechanism. This paper 
provides evidences from previous studies that 
the incidence of cancer risk has been increased 
rapidly with various doses. However, they needs 
to be validated externally especially through 
cross validation of the correlation between 
frequency of chromosomal aberration and cancer 
risk. 

Our analysis result showed that even low 
doses of radon exposure can have effects on 
human immune especially the lymphocytes cells 
with doses between 0.9 and 5.2 mGy. This 
numbers have been reported in many studies.9,78 
However, the studies lacks of adequate 
validation and equipment in order to provide 
qualified measurement. In addition, the studies 
does not specify the observer competence as 
limiting factors in the entire results. 

Our review provide insightful information 
that low dose of exposure (0.03-41.4 mGy) can 
impact on human lymphocytes cell caused by 
synergistic effect of radon and smoking from both 
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smokers and non- smokers. This effects are 
reasonable since there is direct irradiation and 
transmission of the effects to non-irradiation cells 
of pulmonary fibroblasts after long exposure to 
cell irradiation. The irradiation has led to mutate 
transformation factor beta 1 (TGF-P1) cytokines 
to reduce the ability of p53 protein and 1A cyclin 
kinase-kinase inhibitor (CDKN1A) especially in 
patients irradiated in years.9,79–81 

Finally, our analysis result provides new 
insight that pre-exposed cells with very small 
doses of 2 cGy will show an adaptive effect 
especially toward haemopoietic cells. A at small 
low doses of exposure, the haemopoietic cells 
will impact chromosomal instability and chromatid 
sister exchange in leukemia. From the literature 
review, the extranuclear mechanism in cells is 
not directly affected by alpha particles. The radon 
exposure only gives small effect toward 
extranuclear SCE since it can increase superoxide 
and hydrogen peroxide anions after the exposure. 
The result has been studied and observed which 
lead us to know that a small dose will result in a 
reduction in the number of exposed cells without 
changing the condition and mechanism.82–84 

Our review result showed that 
chromosomal delinquency in non-mining individuals 
can occur after the patients are exposed in years.59 
The patients can suffer from blood lymphocytes 
even though they are not nuclear miners or 
smokers. Our review also gives evidence that a 
dose-response above limiting exposure can bring 
abberations as experienced by miners group 
exposed to low dose of radon levels. 

There is role of p53 biomarkers as tumor 
suppressor gene containing p53 protein to block 
cell apoptosis and DNA damage. As suppressor 
gene, p53 protein has role in the tumor-
suppressor activity mechanism to reduce cancer 
development. However, the radon exposure can 
lead to p53 mutation in human lung cancer.36,85 
Our review showed that the mechanism work in 
multistep malignant transformation through 
inactivation of p53 which then lead to carcinoma, 
adenocarcinoma and small cell carcinoma. The 
cancers are occurred even though the exposure 

reaching as low as 20 𝐵𝑞𝑚−3  for both smoker 
and non-smoker.44,86–88 

We also review the patient background 
especially who works as uranium workers 
(miners). Our review shows that p53 gene 
mutation was observed in most of respondent 
populations. This is reasonable since the 

mutations in exon 5-8 p53 genes are induced by 
radon exposure which lead to lung cancers 
(including adenoid, broncho-aleveolar, squamous, 
small cell and mixed carcinoma) experienced by 
both ex-smoking and non-smoking workers.9,36,47 
 

Conclusion and suggestion 
 

The mechanism of radon exposure 
among the smokers, non-smokers and uranium 
miner has been explained in this paper review. 
There is clear evidence and explanation that the 
mechanism is triggered by radon exposure which 
changes the gene activity. In addition, the 
exposure toward the cytogenetic endpoints will 
change the chromatid exchanges, micronuclei-
chromosomal aberration and incidence of lung 
cancer. Such mutagenic effect is experienced by 
patient after exposed from a low dose of 200 

𝐵𝑞𝑚−3 to start translocations in lymphocytes for 
both smoking and non-smoking workers. 
However the effect of radon exposure to lead 
leukemia is not as big as lung cancer. Therefore, 
we concluded that radon exposure will create 
higher effect to lung cancer risk than to leukemia 
or other mutagenesis-related disease.11,31,74 

Finally, we conclude that radon exposure 
can lead to lung cancer risk with various doses 

ranging from 50 to 3300 𝐵𝑞𝑚−3  with average 

concentration of 100 𝐵𝑞𝑚−3. For such doses, it can 
lead to chromosome aberrations and genotoxic 
carcinogens the chromosomal changes are 
indications of cancer risks. Therefore, an increase 
in cancer risk emphasizees a conclusion that 
radon exposure has great role in the pulmonary 
carcinogenesis.9 

Exposure to radon and its offspring can 
induce various cellular and molecular cytogenetic 
affects both in vitro and in vivo levels. Our review 
demonstrates the risk of radon gas to induce cell 
damage even in small low dose still representing 
significant public health risks. In the future, the 
low dose ranges must be measured with more 
sophisticated technology and tools in order to get 
more accurate result. This study does not explain 
the cellular response and the full risk of ionizing 
radiation technology experienced by the general 
population.11 

Even though our study is deterministic on 
its basis, we want to provide multicellular basis 
on the threshold dose and the mechanism to 
explain the mutagenesis and carcinogenesis 
comes from radon exposure. For future study, it 
is suggested to measure carcinogenesis risk and 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/


 

Journal of International Dental and Medical Research ISSN 1309-100X     Effects of Radon Gas Exposure on Lung Cell Immunity 
http://www.jidmr.com                                                                                                                                                          Azhari and et al 

 

  Volume ∙ 12 ∙ Number ∙ 3 ∙ 2019 

                            
Page 1219 
 
 
 
 
 

neoplasms testing by observing the monoclonal 
as well as the observation of the role of single 
traversal alpha particle and how the particle can 
induce significant cell damage in order the role 
can be clear in the advanced research. 
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