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Abstract: Background: Lung cancer is one of the most common and deadly cancers in humans. P73, a member of 
the p53 family, is a vital gene for the carcinogenesis of lung cancer. Single nucleotide polymorphism (SNP) of P73 
gene may affect the risk of lung cancer. Therefore, we performed a meta-analysis of p73 SNP and lung cancer risk 
using the most recent data. Methods: A total of 1407 articles from EMBASE, Web of science, PubMed and Chinese 
National Knowledge Infrastructure (CNKI) databases were identified initially from the search. A meta-analysis of 
the association between P73 polymorphism and lung cancer risk was performed based on various genetic models 
and by type of lung cancer and race. Results: Seven articles published in either English or Chinese with English 
abstract were eventually selected for final analysis. The total pooled population included 6214 subjects (2,897 
cases and 3,317 controls). The results showed that p73 RS2273953 to RS1801173 polymorphism was associated 
with increased risk of lung cancer in Caucasians but not in Asians. Within Asians, those with p73 GC/GC may have 
an increased risk for squamous carcinoma compared to those with GC/AT+AT/AT polymorphism. Conclusions: Our 
analysis suggested a lack of association between p73 RS2273953 to RS1801173 polymorphism and risk of lung 
cancer overall. However, patients with GC/GC polymorphism showed an increased risk for squamous carcinoma in 
the lung compared to those with GC/AT+AT/AT in Asians.
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Introduction

Lung cancer is one of the most common and 
deadly cancers in humans, accounting for one-
third of the global cancer prevalence. In 2012, 
approximately 1.8 million people worldwide 
were newly diagnosed with lung cancer and 
1.59 million died from lung cancer [1]. Environ- 
mental, social behavioral (smoking), and genet-
ic factors are all important risk factors for lung 
cancer. 

Evidence suggested that p73 gene might be 
associated with the etiology of various cancers, 

including lung cancer. All p73, p63, and p53 
genes belong to the p53 family [2]. P73 is a 
structural and functional homolog of p53, locat-
ed at human chromosome 1p36.33 [3]. Studies 
have found that several important functional 
domains are coded by the human p73 gene, 
including TA (transactivation), DBD (DNA-bind- 
ing domain), OD (oligomerization domain), and 
SAM (sterile alpha-motif) domains, all belong-
ing to the P73 protein family [4]. Two functional 
p73 isoforms have also been identified thus far. 
TAp73 contains all four domains while Delta 
Np73 (ΔNp73) misses the N-terminal transacti-
vation domain, TA. A high level of TAp73 expres-
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Figure 1. Location of SNP and p73 pathway. The 
location of RS2273953 to RS1801173 poly-
morphism in p73 gene and p73 pathway are 
shown. E2F1 activates tumor suppressor TAp73 
while Ras activates tumor growth factor ΔNp73 
via PI3K. RAS: Rat sarcoma protein; PI3K: phos-
phoinositide 3-kinase; E2F1: E2F transcription 
factor 1; TAp73: transcriptionally active p73 iso-
form; ΔNp73: transcriptionally inactive isoform.

sion suppresses tumor growth while ΔNp73 
was found up-regulated in cancer patients 
(Figure 1) [5]. Other studies also showed that 
ΔNp73α and E2F4/p130 suppressed the ex- 
pression of genes (negative regulators of prolif-
eration) in Papillomavirus 38 E6/E7-Transfor- 
med Keratinocytes [6, 7].

Due to its significant public health impact, it  
is important to understand the association 
between p73 polymorphism and lung cancer, 
so that individuals with higher risk genotypes 
can be identified for targeted screening and 
prevention. Polymorphisms, for example, may 
turn out to be risk or protective factors, so they 
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may be valuable markers for the diagnosis, 
treatment, and prognosis of lung cancer. Am- 
ong the P73 polymorphisms, rs2273953 to 
rs1801173 (G4C14-A4T14) have been inten-
sively studied. These two SNPs, located at 
upstream of the initiating AUG of exon 2 in po- 
sition 4 and 14, are intronic SNPs and related. 
The relationship between these SNPs cancers 
varies by cancer types. Research has suggest-
ed that rs2273953 to rs1801173 might be 
associated with the risk of lung cancer, though 
the results were not consistent [8, 9]. A previ-
ous meta-analysis of five studies showed no 
association between rs2273953 to rs1801173 
and lung cancer risk [10]. Since additional  
studies have been subsequently published, we 
chose to conduct an updated analysis by in- 
cluding the most recent data. In this study, we 
conducted a comprehensive systematic review 
of current literature on this issue and analyz- 
ed the associations between rs2273953 to 
rs1801173 and the risk of lung cancer overall, 
as well as the association with two major types 
of lung cancer separately.

Methods

Literature review

We first searched the EMBASE, Web of Scien- 
ce, PubMed and Chinese National Knowledge 
Infrastructure (CNKI) databases to identify sci-
entific publications that reported the associa-
tion between p73 polymorphism and risk for 
lung cancer up until May, 2021. The key words 
used in the search were ‘p73, SNP, lung can-
cer’, ‘p73, SNP, lung tumor’, ‘p73, polymor-
phism, and lung cancer’, or ‘p73, polymorphi- 
sm, lung tumor’. Only the articles in English or 
Chinese with English abstract were selected for 
screening. After excluding duplicates, titles and 
abstracts of the articles were reviewed. Studi- 
es were selected using the following inclusion 
criteria: 1) case-control (patients with lung can- 
cer vs controls) study, 2) genotype distribution 
data for p73 were provided. The studies were 
excluded if they were: 1) review articles, cohort 
studies, in vitro studies, and animal studies; 2) 
not related to p73 gene; 3) not a human study; 
or 4) not related to the association between 
lung cancer and host genetics. The study was 
approved by the Review Board of the Institute. 
The study selection is summarized in Figure 2. 
The study was carried out in accordance with 

PRISMA-P (Preferred Reporting Items for Sy- 
stematic review and Meta-Analysis Protocols) 
[11]. Firstly, the published articles were select-
ed using the keywords in the preferred data-
base (EMBASE, Web of Science, PubMed, and 
CNKI). Secondly, duplicate articles were exclud-
ed. Thirdly, the articles were screened by the 
title and abstract. Fourthly, the full-texts of arti-
cles were retrieved. Finally, selected articles 
were reviewed and data were extracted.

Data extraction

For each selected study, the authors, year of 
publication, country of origin, demographics of 
patients (age, race) and genotyping method 
were extracted independently by two experi-
enced researchers, and any disagreement was 
adjudicated by the 3rd researcher. The final data 
are summarized in Table 1. 

Genotype distribution in both cases and con-
trols are summarized in Table 2. 

Statistical analyses

Pearson’s Chi-square test was used to check 
for Hardy-Weinberg Equilibrium (HWE) in each 
study. The heterogeneity between studies was 
tested with Z test and I2 test. Random-effects 
model was used when it was significant (P-value 
<0.05) and fixed-effects model was used when 
heterogeneity was not significant [12]. The pub-
lication bias was also assessed using Begg’s 
test and Egger’s test [13, 14]. The association 
between the p73 polymorphism and lung can-
cer risk was estimated by pooled odds ratio 
(OR) and 95% confidence intervals (CI). P<0.05 
was considered significant. Statistical analys- 
es were conducted with Stata 13.0 (College 
Station, TX, USA).

Results

Characteristics of selected studies

A total of 1407 articles were initially identified 
from the literature search. As shown in Figure 
2, 52 abstracts were reviewed after the initial 
screening by excluding duplicates, conference 
articles, and books. GWAS (Genome-wide as- 
sociation study) studies were also excluded 
because of missing the genotype distribution 
information. A total of 11 articles that reported 
the association of human p73 RS2273953 to 
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Figure 2. Flow chart showing the study selection procedure. CNKI: China National Knowledge Infrastructure.
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Table 1. Characteristics of studies included in the analysis

Authors Year of publication Country Host ethnicity
Age, years mean ± SD or mean 

(range) Samples n Genotyping 
method

Cases Controls Cases Controls
Shuang-Shuang Wang et al. 2015 China Han Chinese 49.9 ± 0.7 50.0 ± 0.5 186 198 PCR-CTPP
Shuang-Shuang Wang et al. 2014 China Han Chinese ≤45 (79)

>45 (89)
≤45 (94)

>45 (101)
168 195 PCR-CTPP

Akio Hiraki et al. 2003 Japan Japanese 61.0 (26-81) 56.8 (39-69) 189 235 PCR-CTPP
Zhibin Hu et al. 2005 China Han Chinese ≤60 (247)

>45 (178)
≤60 (349)
>45 (239)

425 588 PCR-SSCP

Jin Eun Choi et al. 2006 Korea Korean population 61.3 ± 9.4 60.2 ± 9.6 582 582 PCR-sequencing
Xiaoai Zhang et al. 2013 China Han Chinese ≤50 (64)

51-60 (74)
61-70 (82)
>70 (70)

≤50 (102)
51-60 (85)

61-70 (106)
>70 (87)

293 380 PCR-RFLP

Guojun Li et al. 2004 America American population 61.1 (32-87) 61.0 (32-91) 1054 1139 PCR-sequencing
SD: standard deviation; PCR: polymerase chain reaction; CTPP: confronting two-pair primers; RFLP: restriction fragment length polymorphism; SSCP: single strand conformation 
polymerase.

Table 2. Genotype and allele distribution of p73 polymorphisms in lung cancer patients and controls

Study
Case Control

Total HWE Chi p-value
GC/GC GC/AT AT/AT GC AT GC/GC GC/AT AT/AT GC AT

Shuang-Shuang Wang (2015) 108 68 10 284 88 104 68 26 276 120 186 198 Chinese 6.92 0.01
Shuang-Shuang Wang (2014) 101 59 8 261 75 102 68 25 272 118 168 195 Chinese 5.9 0.02
Akio Hiraki et al. 109 68 12 286 92 130 95 10 355 115 189 235 Asian 2.06 0.15
Zhibin Hu et al. 255 149 21 659 191 295 248 45 838 338 425 588 Chinese 0.52 0.47
Jin Eun Choi et al. 320 221 41 861 303 338 212 32 888 276 582 582 Korean 0.03 0.87
Xiaoai Zhang et al. 163 116 14 442 144 247 120 13 614 146 293 380 Chinese 0.12 0.73
Guojun Li et al. 593 394 67 1580 528 721 365 53 1807 471 1054 1139 Caucasian 0.6 0.44
HWE: Hardy-Weinberg Equilibrium.
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Table 3. Meta-analysis by genetic models for p73 polymorphism

SNP Genetic model Pools OR (95% CI) Z P I2% Phet

Effect 
model

Begg’s 
test 

P>|z|

Egger’s 
test 

P>|t|
RS2273953 to RS1801173 GC/GC vs GC/AT+AT/AT 6214 1.01 (0.80, 1.29) 0.11 0.912 80.1 0.000 Random 0.099 0.221

AT/AT vs GC/AT+GC/GC 6214 0.88 (0.56, 1.36) 0.59 0.555 72.6 0.001 Random 0.176 0.249

GC/GC vs AT/AT 3963 1.15 (0.70, 1.88) 0.54 0.592 77.6 0.000 Random 0.099 0.240

GC/GC vs GC/AT 5837 0.98 (0.79, 1.21) 0.22 0.824 71.7 0.002 Random 0.293 0.337

GC vs AT 12428 1.04 (0.84, 1.30) 0.37 0.711 84.4 0.000 Random 0.099 0.176
OR: odds ratio; CI: confidence interval; Phet: P value for heterogeneity.

RS1801173 polymorphisms, complete linkage 
disequilibrium polymorphisms, and lung cancer 
risk were selected for full-text review. Three of 
them were further excluded after reviewing the 
article due to missing necessary genetic distri-
bution data. Also, two studies from South Korea 
were found to be from the same team. We 
selected the earlier article that was published 
in 2006. Finally, 7 studies (6 in English [8-10, 
15-18] and 1 in Chinese [19]) were included in 
our meta-analysis. As summarized in Table 1, 
the race of study population included Chinese, 
Korean and Caucasian. The final pooled study 
population consisted of 6214 subjects (2897 
cases and 3317 controls). The genotype and 
allele distribution of G4C14-A4T14 polymor-
phism were shown in Table 2. Based on the 
search of CNBI SNPs database, the locations of 
SNP were identified and shown in Figure 1. As 
for the cancer type, all studies focused on 
squamous carcinoma and adenocarcinoma; 
small cell carcinoma was included in six articles 
[8-10, 15, 18, 19]; and large cell carcinoma 
was reported only in Jin Eun Choi’s study [18] 
although some of the articles had no informa-
tion on genetic distribution. 

Meta-analysis of p73 polymorphism

As summarized in Table 2, seven case-control 
studies (2879 cases and 3317 controls) re- 
ported a relationship between p73 RS2273953 
to RS1801173 polymorphism and the risk of 
lung cancer. Two studies deviated from Hardy-
Weinberg equilibrium (S.S. Wang 2014, P= 
0.02; S.S. Wang 2015, P=0.01) [10, 15]. The 
heterogeneity between studies was significant 
(P<0.001, I2=81.8%), thus we used a random 
effect model to synthesize the pooled OR  
(Table 3). The overall OR of the Allele model (GC 
vs AT alleles) was 1.04 (95% CI: 0.84, 1.30, 
P=0.711) (Table 3; Figure 3A). Analyses of 
Heterozygote, Homozygote, Dominant and Re- 
cessive models did not identify a significant 

association either (Table 3). Subgroup analysis 
by allele comparison (GC vs AT) and by race 
were also performed (Figure 3B). The AT poly-
morphism was shown to be a significant risk 
factor for lung cancer in Caucasians [8]. 
However, there was no association between 
p73 RS2273953 to RS1801173 polymorphism 
and lung cancer in Chinese. Chinese patients 
with an AT allele were shown to have a lower 
risk of lung cancer in three studies [10, 15, 19] 
but a higher risk in one study (Xiao’ai Zhang’s 
study) [9] (Figure 3).

Four of the 7 articles contained the genetic dis-
tribution of two major types of lung cancer, 
squamous carcinoma and adenocarcinoma, 
but only two of them (both by Shuang-Shuang 
Wang [10, 15]) studied the intact genotype,  
and the other two [8, 19] compared the models 
GC/GC vs GC/AT+AT/AT. For squamous carcino-
ma, the overall OR was 1.07 (0.65, 1.74) and p 
value was 0.79 (Table 4). 

Subgroup analysis by race was also shown in 
Figure 4A. Interestingly, compared to GC/AT+ 
AT/AT, GC/GC was shown to be associated with 
a significantly increased risk for squamous car-
cinoma in Asians, but a decreased risk in 
Caucasians. For adenocarcinoma, the overall 
OR was 1.09 (0.80, 1.48) and p value was  
0.58 (Table 4; Figure 4B). Subgroup analysis by 
race also did not find any significant associa-
tion. The funnel plot is shown in Figure 5.

Discussion

We conducted a meta-analysis to evaluate  
the association between p73 RS2273953 to 
RS1801173 polymorphism and lung cancer 
risk. Five different genetic models (Allele, 
Heterozygote, Homozygote, Dominant, and Re- 
cessive model) were analyzed. A subgroup 
analysis by race was also performed. Based on 
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Figure 3. Forest plot of the association between RS2273953 to RS1801173 and lung cancer risk. A. The whole 
analysis was performed in the Allele model. There was a lack of association in the overall pool. B. Subgroup analysis 
was performed by ethnicity. A lack of association was found in the pollution excluding the Caucasians. OR: odds 
ratio; CI: confidence interval; df: degrees of freedom.

data from 6214 subjects (2897 cases and 
3317 controls), RS2273953 to RS1801173 

polymorphism in p73 gene was not associated 
with a risk of lung cancer in the overall popula-
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Table 4. Meta-analysis by GC/GC vs GC/AT+AT/AT model for p73 polymorphism stratified by histologic 
type

SNP Genetic model Pools Types OR (95% CI) Z P I2% Phet

Effect 
model

Begg’s 
test 

P>|z|

Egger’s 
test 

P>|t|
RS2273953 to RS1801173 GC/GC vs GC/AT+AT/AT 2743 SC 1.07 (0.65, 1.74) 0.27 0.791 84.8 0.000 Random 1.000 0.382

2858 AC 1.09 (0.80, 1.48) 0.55 0.580 54.0 0.089 Random 0.497 0.200
OR: odds ratio; CI: confidence interval; Phet: P value for heterogeneity; SC: squamous carcinoma; AC: adenocarcinoma.

Figure 4. Forest plot of the association between RS2273953 to RS1801173 GC/GC vs GC/AT+AT/AT model and 
lung cancer risk by squamous carcinoma and adenocarcinoma. OR: odds ratio; CI: confidence interval; df: degree 
of freedom.
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tion. However, we found a significant associa-
tion between p73 RS2273953 to RS1801173 
polymorphism and lung cancer risk in the 
Caucasian population, which was driven by a 
single study. More research in this population is 
needed to confirm this finding. 

The process of cancer formation includes initia-
tion, progression and evasion, with autono-
mous cell proliferation being the last step. 
These biologic processes are affected by 
genetic or epigenetic variations of the impor-
tant genes [20]. P73 gene maps at chromo-
some 1p36.33 and has similar structure and 
function to p53. It is well known that tumor  
protein 53 (p53) can accumulate in nucleus, 
leading to cell cycle arrest or apoptosis. 
However, whether the signal pathway induced 
by p73 can affect tumor suppression in the 
same manner remains unclear [21]. The p73 
gene can be alternatively spliced and translat-
ed into transcriptionally active (TAp73) and 
inactive (ΔNp73) isoforms. The PI3K (phos-
phoinositide 3-kinase) activated by Ras (Rat 
sarcoma) protein down-regulates TAp73 and 
decreases the TAp73/ΔNp73 ratio [5]. The 
abundance of ΔNp73 may be associated with 
many types of cancer [22, 23]. Specifically, the 
RS2273953 to RS1801173 polymorphism is 
located in the exon 2 which is part of TAp73 
transcript but not ΔNp73. The location of this 
polymorphism suggests the possibility of its 
influence on the function of TAp73 or the trans-
lation of ΔNp73. Identifying the role of p73 iso-

lation. One meta-analysis of five studies on this 
topic showed the same conclusion [10]. In this 
analysis, we included both previous and the 
most recent studies. However, we still did not 
find any significant association in all five ge- 
netic models, except GC polymorphisms in 
Caucasians. 

The mechanism for lung cancer of AT allele of 
p73 remains unclear. Though the P3 (TP73 
mRNA transcribed from 3rd promoter) could not 
affect the biologic mechanism [24], a study 
suggested that the AT allele has altered tran-
scription start site which may affect the tran- 
slation efficiency [25]. The above finding may 
explain the difference in role of p73 RS2273953 
to RS1801173 in different ethnic groups.

According to the principles of epigenetics, p73 
RS2273953 to RS1801173 polymorphism may 
interact with other well-known factors of lung 
cancer, such as individuals’ age, sex, or smok-
ing history [8]. Therefore, a systemic covarian- 
ce analysis that accounts for the effects of 
environmental and behavioral factors should 
be considered to assess a direct association 
between p73 RS2273953 to RS1801173 poly-
morphism and the lung cancer risk. However, 
such analysis is possible only with the original 
study data. 

Limitations

In our analysis, the number of studies in each 
subgroup was different and there was only one 

Figure 5. Funnel plot of studies included in the analysis.

forms will provide further in- 
formation to understand the 
mechanism of its tumor sup-
pression. Several studies have 
investigated an association 
between p73 polymorphism 
and lung cancer risk. There- 
fore, using lung cancer as an 
example, our analysis provid-
ed further information to ex- 
tend the understanding of the 
mechanism of tumor suppres-
sion associated with p73 gene. 
In the earlier studies of this 
issue, conflicting results were 
reported related to the effects 
of different alleles. The reason 
may be related to the differ-
ences in regional and genomic 
background of the study popu-
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study in the Caucasian subgroup. Therefore, 
the generalizability of the results was limited. A 
study with more widely represented population 
and patient-level data should be considered to 
confirm the findings of this analysis. 

Conclusion

Our analysis showed no association between 
p73 RS2273953 to RS1801173 polymorphism 
and lung cancer risk in the overall population. 
However, GC polymorphism was associated 
with decreased risk in Caucasians. In Asians 
GC/GC polymorphism was associated with a 
significantly increased risk of squamous carci-
noma of the lung when compared to GC/AT+ 
AT/AT. A larger study that includes broader pa- 
tient population and collects environmental 
and behavioral data could be considered to 
confirm the findings. 
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