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Abstract

Objective: To investigate the potential correlation between the Argl88His (rs3218536) poly-
morphism of X-ray repair cross-complementing 2 (XRCC2) and colorectal cancer (CRC) risk, as
the association remains unclear.

Methods: The CNKI, PubMed, EMBASE and Cochrane library databases were systematically
searched for relevant studies published up to July 2021. Data were extracted from included
studies, and analysed for pooled or subgroup odds ratios (ORs) with 95% confidence intervals
(Cls) using STATA 12.0 software.

Results: Seven published studies were included. Pooled analysis revealed that the XRCC2
Argl88His polymorphism was associated with increased CRC risk (His versus Arg: OR 1.14,
95% CI 1.01, 1.29). Trial Sequential Analysis to test the power of the results showed that they
were unreliable and the meta-analysis required additional studies.

Conclusion: The current meta-analysis suggests that the XRCC2 Argl88His polymorphism may
be a risk factor for CRC.
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stage, which, together with the high inci-
dence, leads to high mortality rates.
Although alcoholism, excess red meat
uptake and smoking are recognized to be
possible CRC risk factors, the precise aeti-
ology of CRC remains unknown.*> Many
patients with CRC are not characterised
with the above carcinogenic risk factors,
suggesting a critical involvement of genetic
susceptibility in the CRC pathogenic
mechanism.*

Multiple mechanisms are involved in the
repair of DNA double-strand breaks, but
typically, =~ homologous recombination
repair (HRR) accounts for a critical path-
way that exerts its function at S phase in the
somatic mammalian cell cycle.’” A sister
chromatid is supplied as a template in
HRR, with the alignment of homologous
DNA sequence, and defects in HRR are
associated with human malignant tumors.°
Many critical molecules are found to be
involved in the HRR process,” including
various DNA repair protein RADS1 paral-
ogs (X-ray repair cross-complementing
[XRCC] protein 2 [XRCC2], XRCC3,
RADSI homolog 2 [RADS5IB], RADSI
homolog 3 [RADS51C], and RADS51 homo-
log 4 [RADS1D]) that are thought to be
pivotal proteins in HRR.®

Located at chromosome 7q36.1, X-ray
repair cross-complementing 2 (XYRCC?2) rep-
resents a potential functional gene related to
tumour formation.” The XRCC2/3 proteins
can interact with RADS51 and also stabilize
the latter; in addition, they participate in the
HRR of DNA double-strand breaks, as well
as cross-link repair within mammalian
cells.'® Polymorphisms in the XRCC2 gene
are found to relate to numerous malignant
tumours, including thyroid carcinoma, and
breast, gastric, and prostate cancer.'""'* An
XRCC2 G-to-A polymorphism, localized
within exon 3, results in histidine (His)
being replaced by arginine (Arg)
(Argl88His, single nucleotide polymor-
phism database [dbSNP] ID rs3218536)."

This polymorphism has been widely investi-
gated to explore its potential impact on
cancer susceptibility.'?

Numerous epidemiological articles have
evaluated the relationship between the
XRCC2 Argl88His polymorphism and inci-
dence of CRC, however, results are incon-
sistent between the studies. Meta-analysis is
an efficient approach for detecting relation-
ships that may not be revealed by small
studies, and in particular, studies that eval-
uate polymorphisms with less common
allele frequencies. Therefore, the present
meta-analysis aimed to examine the rela-
tionship between the XRCC2 Argl88His
polymorphism and CRC risk among rele-
vant articles published to date.

Materials and methods

Study retrieval strategy

The meta-analysis was registered with
PROSPERO (database ID: 266483). The
CNKI, PubMed, EMBASE and Cochrane
library  databases were  systemically
searched for relevant articles published up
to July 2021 (last search update, 11 July
2021) using the following keywords: ‘colo-
rectal cancer’ or ‘cancer, neoplasm or
tumor’ ‘X-ray repair cross-complementing
group 2 or XRCC2’ and ‘polymorphism
or variant’. The search was limited to
English language papers. In addition, stud-
ies were identified by a manual search of
references from the original studies.
Articles were screened and assessed by two
independent researchers (ZW and YW) on
the basis of a standard protocol, and any
discrepancies were resolved by discussion
until a consensus was reached.

Study inclusion and exclusion criteria

The study inclusion criteria were as follows:
(1) case—control studies including patients
with colorectal cancer and normal subjects;
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(2) studies focussed on the relationship
between Argl88His polymorphism and
CRC risk; and (3) adequate available geno-
typing information. Study exclusion criteria
comprised: (1) non-case—control studies
evaluating the relationship between the
Argl88His polymorphism and CRC inci-
dence; (2) letters, case reports, editorial
articles or reviews; and (3) articles with
insufficient raw data or no available data.
Articles published by identical research
groups were examined for any overlap of
study participants between publications.
For studies with partial overlap, the latest
publication was adopted.

Assessment of study quality

The methodological quality of each includ-
ed article was assessed using the Newcastle-
Ottawa quality assessment scale.'* An ulti-
mate score of 6 stars or more was regarded
as a high-quality study.

Data extraction

Data were extracted from each included
article by two independent reviewers (LA
and CX). Any disagreement was resolved
by mutual negotiation. Extracted data
included first author, publication date,
country, genotype frequency in cases and
controls, case and control numbers,
Hardy—Weinberg Equilibrium (HWE) evi-
dence among controls and quality score.

Statistical analyses

Statistical analyses were performed with
STATA 12 software (Stata statistical soft-
ware release 12; StataCorp LP, College
Station, TX, USA), and P <0.05 was con-
sidered to indicate statistical significance.
The relationship between the XRCC2
Argl88His polymorphism and CRC inci-
dence was estimated according to the
pooled odds ratios (ORs) with 95% confi-
dence intervals (CIs) for His versus Arg, the

additive model (Arg/His versus Arg/Arg,
His/His versus Arg/Arg), the recessive
model (His/His versus Arg/His+ Arg/Arg)
and the dominant model (His/His+ Arg/
His versus Arg/Arg), respectively. In addi-
tion, the I statistic was used to investigate
and measure heterogeneity, with 1% >50%
indicating obvious heterogeneity. The
random effects model was utilized for cal-
culating pooled OR in the presence of
heterogeneity; otherwise, the fixed effects
model was used. Furthermore, result stabil-
ity was examined through one-way sensitiv-
ity analysis, where studies were eliminated
one at a time to examine the impact of each
study on the combined OR." To evaluate
publication bias, funnel plots were analysed
using Begg’s test and Egger’s test.

Trial sequential analysis

Trial sequential analysis (TSA) was per-
formed wusing TSA software, version
0.9.5.10 (https://ctu.dk/tsa/), with the fol-
lowing parameters: type [ error (5%),
95% CI, relative risk reduction (20%),
and type II error (20%). Evidence was con-
firmed as reliable if the cumulative Z-curve
surpassed the required information size
(RIS) line or passed through the sequential
monitoring boundary of the trial; other-
wise, more articles were deemed to be
required.'®

Results

Study characteristics

A total of 1260 articles reporting the asso-
ciation between the XRCC2 Argl88His
polymorphism and CRC risk were identi-
fied through database searches (Figure 1).
After removal of duplicates and assessment
of articles for eligibility criteria, a total of
seven case—control studies involving 2331
patients and 2830 normal subjects met the
study criteria and were enrolled into the
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Figure I. Flowchart summarising selection of studies i
final analyses (summarised in Table 1).'"?
Controls were mostly derived from healthy
people. Of the included articles, three stud-
ies comprised a sample size of more than
500 participants, while four studies com-
prised a sample size of less than 500 partic-
ipants. Four of seven studies involved
Caucasian study populations and three
studies involved Asian participants. In
addition, HWE tests to examine control
genotype distribution revealed consistent
HWEs, except for the studies by Moreno
et al.,'® and Cetinkunar et al.?>' According
to the Newcastle-Ottawa quality assessment

ncluded in the meta-analysis.

scale for case—control studies, overall scores
of the included studies ranged from six to
eight stars, thus, all studies were defined as
high-quality.

Pooled meta-analysis and subgroup
analysis

Results of pooled and subgroup analyses
are presented in Table 2. In pooled analysis
(Figure 2), the XRCC2 Argl88His poly-
morphism was found to be significantly
associated with CRC risk (His versus
Arg: OR 1.14, 95% CI 1.01, 1.29).
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Figure 2. Forest plot showing meta-analysis of the association between the X-ray repair
cross-complementing 2 (XRCC2) gene Argl88His polymorphism and colorectal cancer risk for

histidine versus arginine.

As confounders potentially affected the
pooled analysis, subgroup analyses were
also conducted. Subgroup analysis based
on ethnicity showed no relationship
between the XRCC2 Argl88His polymor-
phism and CRC risk among Asian or
Caucasian populations (Table 2). In addi-
tion, the polymorphism was not shown to
be related to CRC risk in studies stratified
by HWE. Sensitivity analysis showed that
no study impacted the combined OR, indi-
cating that the results were stable (data not
shown).

Publication bias

No obvious evidence of publication bias was
revealed using Begg’s test (P = 1.0; Figure 3)
or Egger’s test (P =0.96; Figure 4).

TSA results

Trial sequential analysis, conducted to
diminish the random errors and fortify the

robustness of the present results, showed
that the cumulative z-curve did not surpass
RIS, and TSA and RIS thresholds were not
crossed (Figure 5). This indicated unreliable
results, and the need for more studies to be
included.

Discussion

The most recent previously published meta-
analysis on the association between the
XRCC2 gene Argl88His polymorphism
and CRC risk was by Zhang et al., 2014.%*
Their meta-analysis included two studies
comprising a total of 1309 cases and 1480
controls, for Argl88His, and their pooled
OR suggested a null association between
Argl88His and CRC (OR for Arg versus
His: 1.33, 95% CI 0.75, 2.34). The present
study, with pooled analysis of a larger
sample size, found a significantly increased
CRC risk associated with the Argl88His
polymorphism, which was not consistent
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Figure 3. Begg’s funnel plot analysis of bias in publications reporting the X-ray repair cross-complementing
2 (XRCC2) gene Argl88His polymorphism for histidine versus arginine. OR, odds ratio; SE, standard error.
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Figure 4. Egger’s funnel plot analysis of bias in publications reporting the X-ray repair cross-complementing
2 (XRCC2) gene Argl88His polymorphism for histidine versus arginine.

with the previous meta-analysis. Similar to environment.>> Such associations should
other disorders, CRC is induced by the  be further investigated in future studies.

complex associations between certain The present pooled meta-analysis com-
genes, and between genes and the bining seven published studies found that
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Figure 5. Trial sequential analysis (TSA) of associations between the X-ray repair cross-complementing 2
(XRCC2) gene Argl88His polymorphism and the risk of colorectal cancer for histidine versus arginine. Red
broken line, TSA boundary value; blue broken line, cumulative Z curve; traditional boundary value line
parallel to the horizontal axis, Z=1.96; and the rightmost vertical line, RIS line. RIS, required

information size.

the XRCC2 gene Argl88His polymorphism
may result in an increased risk of CRC sus-
ceptibility. Considering the possible effects
of potential confounders, subgroup analy-
ses were also performed. In studies grouped
according to HWE, the XRCC2 gene
Argl88His polymorphism was not found
to be related to CRC risk. In addition, in
studies grouped according to population eth-
nicity, no correlation between the polymor-
phism and CRC risk was found in either
Caucasian or Asian populations. TSA was
used to check the reliability of conclusions
in the present study. The cumulative Z-curve
of the Argl88His polymorphism failed to
reach the trial sequential monitoring bound-
ary and RIS line, suggesting that additional
large-sample, multi-ethnic  studies are
required to verify any associations.

Certain limitations should be noted in
the present meta-analysis. First, no prede-
fined uniform standard was used to select
control subjects. Control cases were mainly

derived from normal subjects, but some
were patients. Secondly, only studies pub-
lished in English were included, so relevant
articles published in other languages were
possibly omitted, and this may have
resulted in the relatively small sample size.
Thirdly, the present meta-analysis enrolled
published articles only, while some related
articles may remain unpublished, possibly
resulting in publication bias. Lastly, this
study did not investigate the influences of
interactions between genes, and between
genes and the environment.

In summary, through analysis of pooled
data, the XYRCC2 gene Argl88His polymor-
phism was found to be associated with
CRC incidence. As few articles and restrict-
ed evidence are available, additional large
studies with high methodological quality
should be included in future meta-analyses
to validate the association between the
XRCC2 gene Argl88His polymorphism
and CRC risk.
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