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ABSTRACT Manganese superoxide dismutase 2 (MnSOD?2) is pivotal for modulating oxidative stress in cells and is
thought to be involved in the pathogenesis of coronary artery disease (CAD). The aim of this study was to determine the
association of the MnSOD2 rs4880 polymorphism with the risk of CAD. Relevant studies were retrieved from the
PubMed and Embase databases by applying predefined search strategies. A total of nine €ligible studies were included in
the fina analysis. According to the pooled analysis of the association between the MnSOD2 rs4880 polymorphism and
coronary artery diseases, there was no statistically significant association between rs4880 and the risk of CAD in the four
genetic models, as the ORs were 1.03 (0.76-1.41) in the allele model, 0.97 (0.63-1.48) in the dominant model, 1.12
(0.78-1.60) in the recessive model and 1.17 (0.94-1.47) in the addictive model. The results suggested that the MnSOD2

rs4880 polymorphism was not associated with the risk of CAD.

INTRODUCTION

Coronary artery disease (CAD) is acommon
cardiovascular disease that is one of the leading
causes of mortality and morbidity in both devel-
oped and devel oping countries. Theclassification
of CAD includeschronic coronary syndrome(CCS)
and acute coronary syndrome (ACS), of which
myocardia infarction is the most severe clinical
presentation (Knuuti et . 2020). Theformation of
atherosclerotic plaquesin coronary arteriesisthe
essential pathophysiology of CAD, causing arte-
rial stenosisand impaired blood and oxygen sup-
pliestotheheart muscle. Many traditional risk fac-
tors could contribute to the devel opment and pro-
gression of CAD, including cigarette consump-
tion, hyperlipidemia, obesity, hypertension and
diabetes mellitus. Genetic factors also affect the
occurrenceof CAD. Family clustering of CAD was
first reported early inthemiddle of thelast century,
and family history has been reported to be related
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to prematureonset of CAD inrelatives(Malakar et
a. 2019). Many gendtic variants have been found to
increase the risk of or be responsible for the occur-
renceof CAD. Forinstance, mutationsintheLDLR,
APOB and PCSK 9 genescausefamilid hypercholes-
terolemia, which greetly increases the risk of CAD
andtheseverity of arterid genoss(Hobbset a. 1990;
Clarkeetd. 2022).

In oxidative stress, the excessive generation of
reactive oxygen species (ROS) cannot be neutra-
lised by the body’ sinnate anti oxidant defence sys-
tem, leading to tissue and cell injuries. Growing
evidence has indicated that oxidative stress par-
ticipatesin the processof atherosclerosisand CAD
(Kattoor eta. 2017). Asoneof theessentia antiox-
idant systemsinthevascular wall, superoxidedis-
mutases (SODs), which can convert superoxideto
hydrogen peroxide at the beginning of the ROS
scavenging process, areimportant for atheroscle-
rosis and CAD. SOD is classified into three iso-
forms based on its cellular distribution. SOD2 is
mainly found inthe mitochondrial matrix and also
is known as manganese superoxide dismutase
(MnSOD2) (Liuet d. 2022). Duetothe generation
of most cellular ROS in mitochondria, MnSOD2
has attracted much attention. Recent studies have
reported that MNnSOD2 playsarolein cardiovas
cular diseases. For instance, the overexpression of
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MnSOD?2 in brain tissues at specific locations
could significantly decrease blood pressurein re-
sponseto chronic infusion of angiotensin Il (Case
et a. 2017). MnSOD2 was aso found to be in-
volvedinirisin-treated cardiomyocytesin anoxia/
reoxygenation cell model (Wang et d. 2018).
Moreover, a sudy demonstrated that reducing
MnSOD?2 activity increasescardiac fibrossand has
anegativeeffect on heart function (Loch et a. 2009).
It has been reported that one of the most stud-
ied mutants of MnSOD2 (rs4880, c.47C>T,
Alal6Va) might compromisetheactivity of antiox-
idant defence against reactive oxygen species
(ROS) (Shimoda-Matsubayashi et al. 1996) andis
associated with many diseases, such as stroke
(Yadav and Yadav 2014), rend diseases(Abbas et
al. 2018; Jeroticet a. 2019) and cardiogenic shock
(Charniot et a. 2011). However, the association of
MnSOD2 rs4880 polymorphisms with coronary
artery disease is controversid. Therefore, the re-
searchers conducted this meta-analysisto investi-
gate the relationship between MnSOD2 rs4880
polymorphisms and coronary artery disease.

MATERIALS AND METHODS
Search Strategy

To identify relevant studies exploring the as-
soci ation between MNnSOD2 rs4880 polymorphisms
and CAD, the researchers conducted literature
searches up to January 2023 in two databases,
PubMed and Embase, using the main keywordsas
“superoxide dismutase”, “MnSOD”, “polymor-
phisms’, “Val16Ala’, “rs4880" and “ coronary ar-
tery disease”, without language or publication date
limitations. Articlesonirrelevant topicsor on oth-
er SODswerediscarded. Thebibliographiesof rel-
evant studiesor reviewswere scrutinised to avoid
omissions.

Study Inclusion Criteria

The subjects included in this meta-analysis
were patientswith coronary artery disease (CAD),
myocardia infarction (M) or acute coronary syn-
drome (ACS), athough there was a dight differ-
ence in disease definitions among the studies.
Control subjectswere defined ashed thy individu-
als or patients without documented evidence of
CAD according to specific studies. All retrieved
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studies were independently reviewed by two in-
vestigators to determine whether they were eligi-
bleforinclusioninthismeta-anaysis. Whenthere
were disagreements, a third investigator was con-
aulted to reach aconsensusafter comprehensvedis-
cussions. The included studies met the following
criteia
1 were case-control studies or cohort stud-
ies with both CAD patients and unrelated
non-CAD patients as defined
2. had detailed genotype data of interest for
both CAD patientsand non-CAD patients.
Studiesof thefollowing exclusion criteriawere
also removed:
1 studies that did not meet the previously
mentioned inclusion criteria
2. literatureand systematic reviews, meta-and-
yses, book chapters, guidelines, case re-
ports, and case series
3. studies conducted on animals or cells.

Data Extraction

Using a predesigned form with the same for-
mat, two investigators independently performed
theprocessof dataextraction. Theinformation ex-
tracted from the studies included the name of the
first author, theyear of publication, the study coun-
try, the definitions and characteristics of the case
and control populations, and most importantly, the
genotypes of different populations.

Statistical Analysis

The p-value of Hardy-Weinberg equilibrium
(HWE) was calculated using the chi-squaretest in
thecontrol group of each study, and <0.05 indicat-
ed deviation from Hardy-Weinberg equilibrium.
Pooled odds ratios (ORs) with the corresponding
95 percent confidence intervals (Cls) were mea-
sured to evaluate the association between Mn-
SOD2 Va 16Ala polymorphisms and CAD under
four different inherited models, namely, the allele
model (T aleleversus C dléele), dominant model
(TT+TC versus CC), recessive model (TT versus
TC+CC) and addictivemode (TT+CCversusTC).
Subgroup anaysiswas performed stratified by eth-
nicity, CAD subtype and control selection meth-
od. The Q test and 12 statistic were used to detect
heterogeneity between studies. If 12>50% and
p<0.05, arandom effect model (REM) wasadopted
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as the pooling method, otherwise, a fixed effect
model (FEM) wasused. Meta-regression wasfur-
ther carried out to explore the possible sources of
heterogeneity between studies. Begg's test and
Egger’stest wereused to evauate publication bias.
Sengitivity analysiswas performed by sequentialy
omitting individual studies to examine the consis-
tency of the results. The statistical analyses de-
scribed above were performed using RStudio soft-
ware(verson 1.2.1578). A p-vaue(two-tailed) <0.05
was considered to indicate Stetistical significance.

RESULTS

A total of 800 and 405 citationsfrom PubMed
and Embase respectively, wereretrieved by apply-
ing the above mentioned search strategies. After
196 duplicates were removed, citations were fur-
ther screened by glancing over titlesand abstracts.
Then, theremaining 24 studieswere read to deter-
minewhether they weredigiblefor inclusoninthe
analysis. Finaly, nine eligible studies (Chi et al.
2006; Fujimoto et al. 2008; Katakami et d. 2010;
Chenetal. 2012; Souiden et a. 2016; Abdelrauf et
a.2017; Yehetd. 2018; Decharatchakul et . 2019;
Yari et al. 2021) with atotal of 7,486 subjectswere
included in the final analysis of the association
between the MnSOD2 rs4880 polymorphism and
coronary artery disease. The process of study se-
lectionissummarisedin Figure 1.

1205 potentially relevant citations
800 PubMed
405 Embase
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Characteristics of the Included Studies

Of the nine studies, seven were conducted in
Asia, and two were conducted in Africa, as pre-
sented in Table 1. There were more male subjects
in al included studies due to higher prevalence
rate in males than in females. The average age
ranged from 53 to 71. The diagnostic criteria of
patientsin four studies (Chi et al. 2006; Yeh et al.
2018; Decharatchakul et al. 2019; Yari et d. 2021)
were at least 50 percent stenosis of the coronary
artery confirmed by coronary angiography, one
study (Fujimoto et a. 2008) was 75 percent, and
the remaining studies were performed according
to hospital records, past medical history or clinical
manifestations. Five studies (K atakami et al. 2010;
Chenetad. 2012; Yehet d. 2018; Decharatchakul et
al. 2019; Yari et a. 2021) were hospita-based. Two
studies (Katakami et d. 2010; Chen et d. 2012) fo-
cused on the diabetes population. The genotype
digtributionsinthe control group of al nineinclud-
ed studies were consstent with HWE. The Mn-
SOD2 4880 polymorphism genotypedistributions
of each study are shownin Table 2.

Meta-analysis Results
Pooled analysis revealed no statitically sig-

nificant associations between MnSOD2 rs4880
polymorphisms and coronary artery diseases ac-

I I 196 duplicates removed

1008 potentially relevant citations

485 citations removed by titles and abstracts
B reviews
32 focused on other types of superoxide dismutase
22 focused on relationship of MnSOD2 and other diseases
925 not relevant

24 citations for more detailed evaluation

15 citations removed after reading the full text

T conference abstracts
& not reparting enaugh information
2 not relevant

9 citations included in meta-analysis

Fig. 1. Workflow of the study selection process
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cordingtothealelemode (OR 1.03,95% Cl 0.76-
1.41), dominant modd (OR 0.97,95% Cl 0.63-1.48),
recessive model (OR 1.12, 95% CI 0.78-1.60), or
additive model (OR 1.17, 95% Cl 0.94-1.47), as
shown in Table 3 and Figure 2. However, in the
subgroup analysis of Ml, significant associations
of MnSOD2 rs4880 polymorphismswith CAD were
foundindl four inherited modelsof alele(OR 1.67,
95%Cl 1.09-2.55), dominant (OR 1.43, 95% Cl 1.00-
2.04), recessive (OR 1.96, 95% ClI 1.16-3.32) and
additive(OR 1.41,95% Cl 1.13-1.76) models. Itis
worth noting that the subgroup analysis of stud-
ies with healthy subjects as control groups
showed a significant association between Mn-
SOD2 rs4880 polymorphismsand CAD inthead-
dictive model, and the heterogeneity decreased to
zero.

Conspicuous heterogeneity existed across
studies, as indicated by the Q test and I? statistic
>50 percent. To exploretheoriginsof heterogene-
ity, the researchers undertook apanel of subgroup
analyses as described above and sensitivity anal-
ysis. Asshown in Table 3, despite being stratified
by ethnicity, subtypes of CAD and methods of
control group selection, heterogeneity across stud-
ies seemed to remain. Sensitivity analysis con-
firmed thevalidity of the pooled meta-anaysisre-
sults but could not identify a single study that
contributed prominent heterogeneity to theresults,
as shown in Figure 3. Meta-regression was con-
ducted with year of publication, country, sex ratio,
age and control selection asvariables, and none of
those variables could explain the high heterogeneity
among studies.

Publication biaswas not detected inthe pooled
analysis, aseva uated by applying Begg'stest (z=-
1.4846, p=0.14) and Egger’ stest (t=-1.1592, p=0.29),
despite the relatively limited number of included
articles. These results indicated that there was no
significant publication biasin thismeta-analysis.

DISCUSSION

The present study aimed to investigate wheth-
er MnSOD2 polymorphisms are associated with
CAD. Theresultsof the pooled meta-analysissug-
gested that MnSOD2 rs4880 polymorphismswere
not stetistically significantly associated with CAD.
However, it might be arisk factor for myocardia
infarction, as indicated in subgroup analyses.
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Table 3: Results of pooled and subgroup analyses in 4 applied inherited models

Inherited model  OR (95% Cl) P value 12(%) FEM/REM
Pooled Analysis Allde 1.03 (0.76-1.41) 0.837 84 REM
Dominant 0.97 (0.63-1.48) 0.884 65 REM
Recessive 1.12 (0.78 -1.60) 0.545 78 REM
Addictive 1.17 (0.94-1.47) 0.167 60 REM
Subgroup Analysis Asia Allele 0.89 (0.67-1.20) 0.457 81 REM
Ethnicity Dominant 0.79 (0.50-1.24) 0.304 51 REM
Recessive 0.94 (0.70-1.28) 0.707 72 REM
Addictive 1.11 (0.84-1.47) 0.444 68 REM
Non-Asia Alle 1.75 (0.88-3.45) 0.110 86 REM
Dominant 1.58 (0.78-3.22) 0.208 69 REM
Recessive 2.30 (1.00-5.29) 0.050 79 REM
Addictive 1.40 (1.00-1.95) 0.053 0.0 FEM
Subtypes of CAD MI Allde 1.67 (1.09-2.55) 0.018 81 REM
Dominant 1.43 (1.00-2.04) 0.047 38 FEM
Recessive 1.96 (1.16-3.32) 0.012 79 REM
Addictive 1.41 (1.13-1.76) 0.013 40 FEM
Non-MI Alle 0.90 (0.58-1.40) 0.636 80 REM
Dominant 0.73 (0.54-0.97) 0.028 50 FEM
Recessive 0.93 (0.58-1.49) 0.750 74 REM
Addictive 1.16 (0.76-1.76) 0.492 74 REM
Control Selection Hospital-based  Allele 0.92(0.79-1.06) 0.240 43 FEM
Dominant 0.89 (0.63-1.24) 0.484 0 FEM
Recessive 0.90 (0.75-1.09) 0.280 40 FEM
Addictive 0.94 (0.78-1.12) 0.485 19 FEM
Hedlthy subjects  Allde 1.26 (0.74-2.15) 0.397 91 REM
Dominant 1.16 (0.53-2.53) 0.707 85 REM
Recessive 1.60 (0.95-2.70) 0.079 76 REM
Addictive 1.56 (1.25-1.90) “y0.001 0 FEM
A Exprimuantal Cantral Waight  Waight
Etudy Events Total Events Total Dads Ratio O 95%-Cl jcommen) {random)
Anolazl Yan 2021 FED 534 Pe0 455 — 0Es 17 1,15 1% 122%
Misa Decharsichakul 207% 340 584 110 134 —_ 1065 [0.77; 1.48) 10.5% 115%
Haang-Long Weh 2018 T 11 107 138 1 059 [0.38; 0.08] A% 10T
Lobna M, Sbdairud 2017 129 13 71 1&7 : —=—— 251 [1.E8; 3.76) A% 108N
asrn Souden 216 1 OATE 148 A% R 125 |83 1.67) 12.4% 118%
Hong Crean 2011 g 247 rr R ] EE— o Q77 035 1.50 AP B.2%
Macte Katakami 2000 08 H6ed 54 ag —— 110 [BZ; 1.48) 135% 118%
Hajrre Fupmaols 2007 gy 1925 115 325 P 154 [1.20; 1.87) 16.3% 122
Chi, v, 5 2006 B 13 aF o —— L Q51 34 07T 2.0% 0.5
Comman effect model 11887 085 = 109 [08e: 121 100.0% --
Rardem alfesia madal i 103 [0.78: 1.41] — 000

Hetemgeneity: © = 84%, 1 = 0915, p <00
05 1 2

B Experimental Caontral Weight  Weight
Study Events Total Events Total Odds Ratio OR  S5%-Cl (fixed) {random]
Lobna M. Abdeirau 2017 120 213 T 187 | o 251 168378 138% 24.0%
Yosra Souiden 2018 1™ 378 149 355 L 125 [093,167] 3I7.3% 27.0%
Maolo Katakarm 2010 355 BE4g 5 O8s — | 1.10 [D&2; 1.48] 40.8% 27.0%
Hajme Fuimots 2007 62 1208 iz 2 272 [148,497] 81%  194%
Fined effect model Ba4b 1T = 148 [1.24; 1.77] 100.0% =
Random effects model 187 [1.08; 255] = 100.0%

Histernganety, I~ = §1%, 1° =0 1488, o < 004
1} 1 ?

Fig. 2. Forest plots of the allele model. A is forest plot of the pooled meta-analysis of the allele model; B is
the forest plot of the MI subgroup analysis of the allele model

Int J Hum Genet, 24(3): 258-266 (2024)



264

Studdy Odds Ratio

LONG CHEN, YAN LIN AND JANNA ZHANG

oR 9E%=Cl P=value Tau2 Tau 12

Cimitting AnoRazi Yar 2021 i

1.05 0742 1.50] 0.8 02237 04750 B5%

Cirmitting Misa Decharatchakul 20049
Omilling Haeng=Long ¥eh 2008

108 [0.F21.47) 068 02268 04762 B

Omitting Lobina M. Abdalrad 2017 — T

1.11 [0LE1.1.563] 0.53 01725 04163 B3
084 [0.7221.22] 063 01096 03314 7%

Cimitting Yosra Souiden 2016
Crmittineg Hong Chin 2011

101 [LLF1C 1.4 L7 D215 4706 H6%

|
|
Omitting Maato Katakami 2010 -

1.08 [0.76 1.49] 0.73 02087 04568 MH%
1.02 [0.7221.46] 0.80 02271 DATES BT

Cienittineg Chi, D, 5 2006

084 0.7 1.37] 0.6 Q1574 04443 B3%

1.13 [0.B4;1.51] 0.42 01432 03784 0%

Randarm affects model

1.03 [0.76; 1.41] 0.54 L1915 04376 B4%

Cimitting Hagme Fujimato 2007 I
i
075 1

Fig. 3. Sensitivity analysis of pooled meta-analysis

Many studieshave proventhat oxidative stress
plays an essentia role in the pathogenesis and
progression of atherosclerosis and coronary heart
disease (Glass and Witztum 2001; Harrison et al.
2003; Dubois-Deruy et al. 2020), mainly by impair-
ing the endothelial function of coronary arteries.
Oxidative stress can reduce the production and
availability of nitric oxidein endothelial cells, caus-
ing vasoconstriction, platel et aggregation and vas-
cular smooth musclecell proliferation, which even-
tualy leads to atherosclerosis. Moreover, under
the overproduction of reactive oxygen species, the
oxidative modification of lipidsand apolipoprotein
B (Apo B) of low-density lipoprotein also acts as
theinitial factor of atherosclerosis (Glassand Wit-
ztum 2001), recruitment of leukocytesand macroph-
ages and transition of smooth muscle cellsin the
vascular wall (Harrison et a. 2003; Kattoor et al.
2017). ROSin the body maintain balancethrough
fine regulation of their production and dimination.
MnSOD2, animportant fird-lineantioxidativeenzyme,
isessentia for diminating ROS and could beapro-
tective factor againg atheroscleross and coronary
artery disease.

AlthoughtheAlal6Val variant of MnSOD2 was
previously reported to impact its transportation to
mitochondria and thus might affect its antioxida
tivefunction (Shimoda-M atsubayashi et a. 1996),
it was not found to be associated with total antiox-
idant capacity (Abbas et a. 2018) or SOD activity
(Karahdlil et al. 2011). Anincluded study revealed
that MnSOD activity was not significantly differ-
ent in the cytosol of leukocytes but was signifi-
cantly different in mitochondriabetween the non-
valine/valine genotype and the valine/valine gen-
otype (Fujimoto et al. 2008). Another study focused

Int J Hum Genet, 24(3): 258-266 (2024)
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on extracellular superoxide dismutase activity re-
vealed that vascular SOD activity wasreduced in
CAD patients but increased in young hypercho-
lesterolemicindividuas(Landmesser et a. 2000).
Thesefactorsindicatethe complexity of the oxida-
tive and antioxidative systems in the pathogene-
sisof certain diseases. In contrast with conflicting
resultsreportedin previousstudies (Chi et d. 2006;
Fujimoto et a. 2008; Souiden et a. 2016; Yehet a.
2018), the pooled analysis of the present study
suggested that MnSOD2 rs4880 was not associat-
edwith CAD. Inthefour applied inherited models,
therewas only apossible difference in the addic-
tivemodels(p=0.066). However, asubgroup anal-
ysis stratified by myocardial infarction showed a
significant association between MnSOD2 rs4880
and MI. Although it is a subtype of CAD, M, as
the most severe manifestation of this disease, ex-
hibits adifferent pathophysiological process than
other subtypes. Compared with chronic athero-
sclerosis, Ml isarelatively acute processinitiated
by the rupture of atherosclerotic plagues, and ROS
production by macrophages and smooth muscle
cellsmight bemorecritica thanthat by endothelial
cellsin maintaining plaque stability (Rajagopalan
et al. 1996; Kobayashi et d. 2003). Thevalinevari-
ant of MnSOD2 polymorphisms in macrophages
was previoudy reported to exacerbate oxL OL-in-
duced apoptosis in vitro (Fujimoto et a. 2008).
Thesedifferencescould partly explain thedifferent
meta-analysis results of CAD and M| patients.

CONCLUSION

Although oxidative stress participates in the
devel opment of atherosclerosisand coronary heart
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disease and manganese superoxide dismutase
playsapivotd roleintheantioxidative system, the
meta-analysis results suggested that the rs4880
heart disease.

RECOMMENDATIONS

Due to apparent heterogeneity across the in-
cluded studiesand therelatively small samplesize,
moreinvestigations, including popul ation investi-
gations on a larger scale with standardised and
unified protocolsand experimentswith drugs spe-
cifically targeting enhanced MnSOD2 activity in
the heart, should be performed in the future to
settle this dispute.

LIMITATIONS

Severd limitationsexist in thismeta-analysis.
Only nine studies were included in this analysis,
and heterogeneity across studies was not identi-
fied. Thiscould impact thereliability and validity
of this meta-analysis, and additional studieswith
larger samplesizesare needed to confirmthefind-
ings of the analysis. In addition, the researchers
did not consider other risk factors for CAD, such
asenvironmentd and genetic factors, pharmaceuticds
and lifestyles.
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