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Inhibition of ZAR1 Enhances Cancer Cell Proliferation on Non-
smoking Lung Cancer Patients  
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ABSTRACT: Tobacco smoking has long been highlighted as the main cause for lung cancer. However, many cases of lung 
cancer have also been reported in nonsmokers. Air pollution, chemical exposure, mutations, and other genetic alterations are 
known to be associated with lung cancer. This research focuses on genetic alterations of lung cancer patients who have never 
smoked in their lifetime. Using cBioportal, genomic alterations of a total of 1144 patients (111 Lifelong non-smokers and 976 
smokers) were analyzed in this study. It was found that lifelong non-smoking patients have a much higher rate of deletion on 
Chromosome 4 (cytoband position 4p11) compared to that of the smoking patients. Among the 8 genes that are located on 
4p11, this research mainly focused on Zygote Arrest 1 (ZAR1) gene because there is a recent discovery of guiding evidence that 
suggests a potential interconnection between ZAR1 and cancer. To understand the role of ZAR1 on cell proliferation in lung 
cancer, mRNA expression of ZAR1 was inhibited using small interference RNA (siRNA). When ZAR1 mRNA was depleted, 
cancer cell proliferation increased in the NCI-H358 cell line. In conclusion, ZAR1 depletion increases cancer cell proliferation, 
and it can be used as a biomarker for lifelong non-smoker lung cancer.  

KEYWORDS: Cellular and Molecular Biology; Molecular Biology; Lung Cancer; ZAR1; Non-smoker. 

�   Introduction
Lung cancer is by far the leading cause of cancer related 

deaths worldwide, accounting for approximately 25 percent of 
all cancer deaths.¹ Being the leading cause of cancer deaths in 
men and the second leading cause in women, lung cancer is 
characterized by a poor five year survival rate of 18.6 %.² The 
two main types of lung cancer are small cell (Small cell lung 
cancer tends to be more aggressive than the non-small cell can-
cer) and non-small cell lung cancer, distinguished by the size 
and characteristics of the cancerous cells.³

Tobacco-smoking is believed to be the main cause of lung 
cancer. However, other causes of lung cancer have been studied 
by the researchers.⁴ Although smokers are more vulnerable to 
cancer cell developments, lifelong non-smokers can also de-
velop cancer cells. The research of genetic alterations on lung 
cancer from nonsmokers is very limited.⁵ To find the novel 
genetic alterations in lung cancer from nonsmokers, the gene 
alteration found mainly in non-smokers from data provided in 
the cBioportal was analyzed.⁶ By analyzing genetic alterations 
in 1144 patients, it was observed that Human zygote arrest 1 
(ZAR1) is one of the genes that is frequently deleted in life-
long non-smokers’ lung cancer cells.

ZAR1 is located on chromosome 4 (4p11). ZAR1 is found 
to have a critical effect on oocyte-to-embryo transition.⁷ It is 
inactivated during the development of the embryo; however, 
ZAR1 is a maternal gene whose products (RNA or protein) 
are produced by the oocyte before the embryo development. 
ZAR1 is found to be mainly expressed in human lungs.⁸ 
Growing evidence points to the possible correlation between 
the role of ZAR1 and cancer. ZAR1 has recently been brought 
back to the surface when researchers observed that ZAR1 was 
inactivated in lung cancer cell lines. ⁸ It is now suspected to be 

a potential tumor suppressor gene.⁸ To further clarify this cor-
relation, this study investigated whether ZAR1 is a potential 
tumor suppressor that may affect the development of cancer 
cells. In order to find the relationship between the deletion of 
ZAR1 and development of lung cancer, ZAR1 was depleted 
by siRNA and its subsequent effect on cancer cell proliferation 
was analyzed.
�   Methods
Cell culture :
NCI-H358 cells were purchased from Korea Cell Line 

Bank. Cells were routinely cultured in RPMI 1640 medium 
(Gibco) supplemented with 10 % inactivated FBS (Hyclone), 
100 U/mL penicillin and 100 μg/mL streptomycin (Gibco). 
Cells were maintained at 37 °C in a 5 % CO2 humidified 
environment and prepared for experimental procedures when 
in log-phase growth.

siRNA transfection :
The small interfering RNA (siRNA) prevents the trans-

lation of specific genes with complementary nucleotide 
sequence, silencing their expression. The siRNA transfection 
is a process that enables the siRNA to be delivered to the 
cells. The reagent used within the process forms a complex 
with the siRNA, helping it to penetrate the membrane. The 
siRNA, when it enters the targeted cells, incorporates with 
other proteins to form the RNA-Induced Silencing Complex 
(RISC). The siRNA unwinds to form single stranded siRNA, 
which then binds to its complementary nucleotide and induc-
es mRNA cleavage. 

With this technique, the expression of ZAR1 of the cancer 
cell lines can be regulated. Four different samples are used 
in this study: cell line without any treatment, with 0.3 μl of 
control siRNA, with 0.3 μl (10 pmol) of siZAR1, and with 
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0.6 μl (20 pmol) of siZAR1. siRNA was transfected with a 
transfection reagent, RNAimax (Invitrogen). The mole ratio of 
siRNA:reagent was prepared as 1:3. The cells were transfected 
with the mixed solution of siRNA and transfection reagent 
for 48 h. 

Total RNA extraction:
RNA extraction is a process used for the isolation of total 

RNA from a given sample of cell lines or tissues. RNA-spin™ 
Total RNA Extraction Kit to extract the macromolecules from 
the cell lines was used. After removing the culture media, we 
replaced it with a R-buffer, which helps cell lysis. We add-
ed 350 μl of 70 % EtOH to the lysate and centrifuged the 
mixture in a spin column to collect the required RNA. We 
then purified the extracted RNA using two types of washing 
buffers (Washing buffer A, B) to cleanse the RNA of possible 
remnants and used an elution buffer to collect the total RNA.

cDNA synthesis:
cDNA was synthesized from the extracted RNA using 

TOPscript™ Reverse Transcriptase (Enzynomics). The cDNA 
reaction was prepared as follows: 5 µl of extracted RNA, 1 µl of 
oligodT (20 pmol), 2 µl 10x reaction buffer, 1 µl RT enzyme, 
and water was added up to 20 µl. The cDNA synthesis was 
performed as follows: 25 ºC for 10 min, 42 ºC for 1 h, 95 ºC 
for 5 min, and 4 ºC for infinite.

Polymerase Chain Reaction:
Polymerase chain reaction (PCR) is a method used to rapid-

ly replicate a specific DNA sample. This allows the scientist to 
amplify a very small amount of the sample to a larger amount 
for the better quality and the detail of the research. The PCR 
reaction was performed in stages: 1) 95.0 ºC for 5 minutes, 2) 
repetition of 95.0 ºC for 30 seconds, 55.0 ºC for 1 minute, and 
72.0 ºC for 40 seconds for 40 times, 3) 72.0 ºC for 5 minutes, 
and 4) continuation in 10.0 ºC. 

Agarose gel electrophoresis:
Agarose gel electrophoresis separates the RNA in a matrix 

of agarose by length and/or size. The 1.5% Agarose gel was 
prepared using 1.5 g of agarose mixed with 100 ml of Tris-bo-
rate-EDTA (TBE) buffer. The mixture was microwaved for 3 
minutes until agarose powder was completely dissolved in the 
buffer. Then, RedSafe Nucleic Acid Staining Solution (Intron) 
was added to the solution. 

Once prepared, the caste was submerged in a buffer in an 
electrophoresis tank, before loading RNA samples into the 
pore. GAPDH was used as a normalizing factor to better 
quantify the mRNA of target genes. When the process was 
finished, a blue light transilluminator was used to view the re-
sults. 

Cell proliferation assay:
The cells were trypsinized at indicated days and the percent-

age of viable cells was measured by counting cells, which were 
stained by acridine orange/propidium iodide, an apoptosis in-
dicator, with the Luna-FL Dual Fluorescence Cell Counter 
(Logos Biosystems).
�   Results and Discussion
Genome wide analysis of copy number variation on lung 

cancer in lifelong non-smokers:

As tobacco-smoking is the major cause of lung cancer, 
people oftentimes disregard other potential causes of cancer.9 
In order to study the factors the contribute to lung cancer 
other than smoking, the differences in genetic alterations 
between smokers and lifetime non-smokers were compared. 
While analyzing, it was noted that several genes in chromo-
some 4p11 were deleted, which occurred in 6.31 % of lifelong 
non-smokers and 0.2 % of smokers. (Table 1) From the 8 
types of genetic alterations presented in chromosome 4p11, 
we focused on Zygote Arrest 1 (ZAR1). 

siRNA targeting ZAR1 decreases mRNA of ZAR1 on 
NCI-H358 lung cancer cells:

To find the effect of siRNA transfection on ZAR1 ex-
pression level, mRNA expression level was quantified using 
agarose gel electrophoresis. The band intensity shows the 
mRNA expression level of ZAR1 and GAPDH in three sam-
ples: the siControl, the siZAR1 (10 pmol), and the siZAR1 
(20pmol). (Figure 1A) The siControl samples were transfected 
with non-targeting siRNA for non-specific effects related to 
siRNA delivery to provide a baseline for target gene silenc-
ing. Two different concentrations of siRNA targeting ZAR1 
were tested: 10 pmol and 20 pmol. The ZAR1 expression level 
was normalized with the expression level of GAPDH. (Figure 
1B) Compared to the siControl, expression level of ZAR1 de-
creased to ~30% in siZAR1 (10 pmol) samples. When siZAR1 
was treated with 20 pmol, the expression level of ZAR1 further 
decreased to 20%. Since the lowest expression level of ZAR1 
was achieved by the 20 pmol concentration of siRNA, we used 
20 pmol condition for the downstream experiments to find the 
functional role of ZAR1 depletion on NCI-H358 cells.

ZAR1 depletion increases cell proliferation on NCI-H358 
lung cancer cells:

Cancer cell proliferation is a process that results in an in-
crease of the number of cells, which is defined by the balance 
between cell division and cell death. To find the functional role 
of ZAR1 in cancer cell proliferation, two samples were com-
pared: siControl (negative control) and siZAR1 with 20 pmol. 
As shown in Figure 2, the cell number was measured after siR-
NA transfection in five different timelines: 0 hour, 24 hours, 
48 hours, 72 hours, and 96 hours. The relative cell proliferation 
was quantified and the cell number of 0 hour was used to cal-
culate the relative cell number increase. Even after 72 hours of 
transfection the cell number did not show a significant 

Table 1: Copy number deletion on lung cancer in lifelong non-smokers. 
Gene deletions were mainly found in chromosome 4p11 in lifelong non-
smokers. 
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difference. However, at 96 hour, cell number was significantly 
increased in siZAR1 transfected cells. This result indicates that 
ZAR1 depletion induces NCI-H358 cells to proliferate.

�   Conclusions
Copy number variation (CNV) is a phenomenon in which 

parts of genomes are repeated and the number of repeats on 
the genome varies between lung cancer patient groups—in 
this research the CNV difference between the lifelong non-
smokers and smokers was investigated.¹⁰ CNV is a type of 
structural variation which is a type of duplication or deletion 
event that affects the base pairs in DNA.¹¹ It was found 
that the copy number deletion is frequently observed in 
chromosome 4p11 in non-smoking lung cancer patients. At 
this chromosomal position, eight genes were deleted including 
ZAR1. A previous study has discovered that copy number 
deletion led to decreased gene expression, indicating that the 
loss of copy numbers in these genes may have low mRNA 
transcript levels.¹² Since the focus of this research was only 
on the function of ZAR1 in lung cancer cells, a comparison 
study with the other seven genes should further be investigated 
in order to provide a comprehensive understanding about the 
overall impact of CNV in chromosome 4p11 on lung cancer 
development. 

ZAR1 may have a positive effect on cell proliferation, but 
the question remains about how. 8A cell cycle is a series of 
events that allows the growth and the division of a cell.¹³ Cell 
death, on the other hand, is an event in which a cell ceases to 
perform its functions mostly through apoptosis, programmed 

Figure 1: Effect of siRNA targeting ZAR1 on the mRNA expression level 
of ZAR1. (A) Gel electrophoresis analysis of ZAR1 and GAPDH PCR 
products. (B) Quantification of ZAR1 mRNA levels 48 h after transfection 
(n = 3, mean ± SD), student’s t-test, ** p < 0.01. The sample with higher 
concentration of siRNA has significantly lower level of ZAR1 expression. 

Figure 2: Effect of ZAR1 depletion on cell proliferation on NCI-H358 
lung cancer cells. (n = 3, mean ± SD), student’s t-test, * p<0.05. The sample 
with siZAR1 transfected cells shows a greater level of cell proliferation than 
siControl transfected cells.  

cell death.¹⁴ Since both cell cycle and cell death are closely 
related with cell proliferation, further study is needed to de-
termine whether ZAR1 either regulates cell cycle or promotes 
cell death in lung cancer.

By silencing the expression level of ZAR1 in a lung can-
cer cell line with siRNA, this study has analyzed the possible 
role of ZAR1 in the development of lung cancer. The cell line 
in which the expression of ZAR1 was inhibited presented a 
greater rate of cell proliferation than in the control cell line. 
If the inhibition of ZAR1 promotes the development of lung 
cancer, it seems reasonable to infer that ZAR1, as suspected, 
is a potential cancer suppressor gene and therefore can be a 
promising target for a novel biomarker for lung cancer.
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