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Effect of Alal6Val Genetic Polymorphism of MnSOD on
Antioxidant Capacity and Inflammatory
Response in Open Heart Surgery
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Abstract. Background: Ischemia-reperfusion injury and
inflammation in cardiac surgical patients involves complex
humoral and cellular interactions. We investigated the effect
of genetic polymorphism of manganase superoxide dismutase
(MnSOD) a natural antioxidant, on cytokine release and
manganesuperoxide dismutase in patients undergoing
coronary artery bypass grafting (CABG) with cardio-
pulmonary bypass (CPB). Patients and Methods: Forty-two
patients undergoing elective CABG with CPB were included
in the study. MnSOD polymorphism was performed by
polymerase chain reaction (PCR). Levels of interleukin-6 and
mangane superoxide dismutase (MnSOD) were measured by
enzyme linked immunoabsorbent assay (ELISA). Results:
Baseline IL-6 did not differ between patients with different
MnSOD genotypes. Postoperatively IL-6 levels were
significantly higher in all patients but more significantly in
V(VV+AV) carriers (p=0.003). The wild-type AA genotype
had the highest preoperative (p<0.05) and postoperative
IL-6 level. The MnSOD VYV genotype was associated with
significantly lower preoperative MnSOD levels compared to
the AA carriers (p<0.05). Conclusion: These data
demonstrate that MnSOD Ala16Val polymorphism influences
IL-6 production and baseline MnSOD activity, suggesting
that preoperative MnSOD concentration plays a role in
cytokine release.

Open heart surgery has become a routine procedure
worldwide. Despite many therapeutic strategies, the
incidence of postoperative myocardial dysfunction and
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related complications are still unacceptably high. The
etiology of these side-effects is multifactorial and mostly
related to ischemia reperfusion (IR) injury and systemic
inflammatory response with secretion of cytokines and
activation of leukocytes during cardiopulmonary bypass
(CPB). These oxidative events result in the depletion of
plasma antioxidants and increased lipid peroxidation.
Superoxide dismutase (SOD) is a major enzymatic defense
against oxidants formated in body. In humans, SOD is
present in three different forms: cytosolic copper/zinc-SOD
(Cu/Zn-SOD), mitochondrial manganase-SOD (MnSOD)
and extracellular superoxide dismutase (EC-SOD). Of
these, Mn-SOD plays a major role in the oxidant resistance
of vital organs.

MnSOD is a nuclear-encoded protein that is transported,
after translation, into mitochondria via an N-terminal signal
sequence (1). The signal sequence is essential for correct
transport activity of proteins by mitochondria (2). A
polymorphism on the second exon of the MnSOD gene
results in a alanine-to-valine change at amino acid position
16 (Alal6Val), also described as the -9 position of the
MnSOD’s signal sequence (3). This polymorphism may
change the structural conformation and mitochondrial
transport of MnSOD (3,4); the alanine-containing protein
showed normal transport and generated 30-40% more active
enzyme than did the valine form of the enzyme (5).

Evidence is accumulating that genetic variations, or
polymorphisms, can significantly affect an individual’s
response to adverse effects. To date many studies have
demonstrated the time course of formation and nature of
the reactive oxygen species (ROS) in cardiac surgery. As
yet, no functional studies of the genotype polymorphisms
have been performed in myocardial ischemia-reperfusion
injury. Because of the evidence implicating MnSOD in the
pathogenesis of oxidative stres, we investigated whether the
polymorphisms in the “MnSOD” are related to the severity
of ischemia reperfusion injury and cytokine release in
patients undergoing CPB.
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Patients and Methods

Patient selection. After approval by the local Ethics Committee,
42 consecutive patients undergoing coronary artery bypass
grafting (CABG) with CPB were enrolled in the study. Informed
consent was obtained from each patient. Patients with recent
myocardial infarction (less than 6 weeks), congestive heart
failure, chronic renal failure and history of infection were
excluded from the study. The preoperative and postoperative
data were collected and the mean Euroscore were calculated.
Euroscore is a method of calculating predicted operative
mortality for patients undergoing cardiac surgery (6). The
anesthetic and surgical technique used was in accordance with
standard practice. Midazolam was used for premedication and
the anesthetic agent consisted of a combination of fentanyl,
midazolam and pancuronium. Anesthesia was maintained with
midazolam and vecuronium infusion and with inhaled
sevoflurane. Median sternotomy was used in all patients. CPB
was performed with a Jostra roller pump system and Jostra
Quadrox hollow-fiber oxygenator (Jostra GmbH, Hirrlingen
Germany). Moderate hypothermia (32-34°C) and a pulsatile
flow of 2.2 to 2.4 L/m? were used. Cold blood cardioplegia was
used for myocardial protection with an initial dose of 15 mL/kg
and repeated infusions of 300 mL every 20 minutes. Rewarming
to a nasopharyngeal temparature greater than 34°C was
achieved with a heat-exchange oxygenator and rewarming
blanket. The left internal mammary artery and saphenous vein
were preferred as bypass conduits in all patients. Aprotinin and
steroids were not used.

For each patient, peripheral venous blood samples were drawn
before the induction of general anesthesia (T1), during
cardiopulmonary bypass after declamping the aorta (T2) and 24
hours after the operaion (T3).

DNA isolation. Blood specimens were collected in tubes containing
EDTA and DNA samples were extracted from whole blood with a
salting-out procedure (7).

MnSOD Alal6Val genotyping. For amplification of the “MnSOD”
Alal6Val polymorphism, the following primers (MBI Fermentas,
Lithuania) were used: 5-ACC AGC AGG CAG CTG GC GCC
GG-37; 5- GCG TTG ATG TGA GGT TCC AG -3

For detection of “MnSOD” Alal6Val, 50-100 ng genomic DNA
was amplified with 1x reaction buffer, 3 mM MgCl,, 0.2 mM each
dNTP, 0.2 uM each primer and Taq polymerase (MBI Fermentas) in
a 25 wl reaction volume. The PCR conditions were: initial
denaturation step at 95°C for 5 min followed by 35 cycles at 95°C for
1 min, 61°C for 1 min, 72°C for 2 min and 72°C for 7 min. PCR
products were digested with Pdil restriction enzyme (MBI Fermentas)
at 37°C overnight and electrophoresed on 3% agarose gels stained
with ethidium bromide. Genotypes were determined as VV (107 bp),
AV (18, 89, 107 bp) or AA (18, 89 bp) for the polymorphism (8).

Assay of plasma MnSOD and IL-6 levels. Blood samples drawn
before surgery, during CPB and after CPB were immediately
centrifuged (3000 rpm for 5 minutes) and plasma was separated
and frozen at —20°C until plasma MnSOD (Chemicon Int, USA,
Cat No: APT290) and IL-6 (Biosource Int, USA, Cat No:
KHC0062) levels were determined by enzyme linked immunoassay.
Statistical analyses. Statistical analyses were performed with the SPSS
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for Windows 7.5 version (SPSS, Chicago, IL, USA). The Chi-square
test was used to analyze the relationship between categorical data.
Student’s ¢-test was used to compare IL-6 and MnSOD levels and
different outcomes between groups. The association between two
continuous variables was determined using paired samples #-test.
Continuous variables are given as mean=standard deviation of the
mean (SD). Expected and observed frequencies of genotypes were
compared with Chi-square test. On obtaining cell frequencies of less
than 5, frequency analyses were performed with Fisher’s exact test. A
two-sided p-value less than 0.05 was considered as significant.

Results

The details of the study group and surgery are given in
Table I. There were no significant differences between the
patients concerning age, duration of CPB and aortic cross
clamping. The comparison of the Euroscore within
“A(AA+AV)” carriers and “ V (VV+AV)” carriers were
3.85x84 versus 3.82+81 (p<0.05). No serious complications
were observed in any of the included patients. Postoperative
clinical data were similar in all patients except for the
postoperative ventilation time and length of intensive care
unit stay which were higher in “MnSOD” V allele carriers
(p<0.001 and p<0.05, respectively).

Of the total 42 patients, the distribution of “MnSOD”
Alal6Val genotypes was as follows: 7 AA (16.7%), 28 AV
(66.7%) and 7 VV (16.7%), which corresponds to allele
frequencies of 50 for A and 50 for V.

The difference between preoperative and postoperative IL-6
and MnSOD levels according to MnSOD polymorphisms are
given in Figures 1 and 2. All p values were obtained after
controlling for age, sex and body mass index.

Postoperative IL-6 (p=0.003) levels and MnSOD
(p=0.04) levels in patients with the V allele (mutant type)
were significantly higher compared to their preoperative
levels (Figure 1A and 1B). Furthermore we observed that
the “MnSOD” VV genotype was associated with
significantly lower preoperative “MnSOD” levels compared
to the AA genotype (p<0.05) (Figure 2A). Contrary to this,
patients who have wild-type AA genotype had the highest
preoperative (1.02+£0.19 U (unit) in AA; 0.76x£0.38 U in
VV, p<0.05) and postoperative MnSOD (0.96=0.17 U in
AA; 0.85+0.29 U in VV) level (Figure 2A and 2B).

These results indicate a reduced antioxidant capacity and
severe inflammatory response in patients with MnSOD
mutant “VV” genotype carriers.

Discussion

Ischemia-reperfusion injury is associated with an acute
inflammatory response after cardiac surgery (9). Thrombin
and tissue factors generated after such injury can contribute
to activation of proteases which can also stimulate cytokine
release. The influence of genetic variants affecting
inflammatory response after cardiac surgery has been
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Table 1. Clinical parameters in patients according to “MnSOD” genotype.

Characteristics MnSOD Alal6Val genotypes
AA+AV AA VV+AV A\'A%

(n:35) (n:7) (n:35) (n:7)
Age (year) 59.91+9.38 66x10.61 58.69+8.86 59.86%10.55
Gender (female/male) (n) 7/28 3/4 6/29 2/5
BMI (kg/m?) 28.55+3.85 28.66+3.66 28.24+4.13 27.12+4.90
Smoking (n/%) 23/65.7 6/85.7 20/57.1 3/42.9
Hypertension (n/%) 26/74.3 6/85.7 25/71.4 5/71.4
IABP (n/%) 2/5.7 - 2/5.7 -
CPB time (min) 90.06%30.49 87.14£23.68 90.86+31.12 91.14+28.08
ACC time (min) 49.83+24.08 52%17.54 48.43+24.42 45+19.74
Ventilation time (h) 6.81%£1.79 5.78+0.80 7.62%2.21* 9.85£2.11**
Blood loss, 24 hours (ml) 968.51+374.75 935.43+337.85 969.14+388.58 938.57+417.38
Need for inotropic agents (n/%) 2/5.7 - 3/8.6 1/14.3
ICU stay (h) 38.84+29.14 27+9.91 40.34+29.45* 34.29+18.69

n: number of individuals; the results are shown as means= SD, *p<0.05, **p<0.001.

previously identified (10-12). The effect of genetics on
ischemia reperfusion has not been established previously.

SODs are the most important antioxidant enzyme type
for defence against ROS (13, 14). In particular, MnSOD,
which is only available in the mitochondria, plays an
important role in protecting cells from oxidative stress. It
catalyzes the superoxide radicals in mitochondria to
hydrogen peroxide and oxygen. The inhibition of MnSOD
causes the accumulation of superoxide radicals and leads to
damage of mitochondrial membranes.

The Val to Ala single amino acid change due to the single
base transition (T-C) at the 16th position of the
mitochondrial signal sequence of MnSOD results in a
conformational change in the structure of the protein (3, 4).
This change in the mitochondrial signal sequence of MnSOD
may have an impact on the targeting (transportation) of this
enzyme to the mitochondria (3). Previous studies on
MnSOD polymorphisms showed that the, presence of the
Val allele affects the cellular distribution of MnSOD and
results in inefficient function in mitochondria, which would
decrease defense against superoxide radicals.

This study showed that the Alal6Val polymorphism in the
MnSOD gene is related to a decrease in antioxidant capacity
and an increase in cytokine release in patients after CPB. In
our patients, no significant differences could be demonstrated
in the clinical outcome except for the length of ventilation,
which was significantly higher in V carriers. In this study, we
showed that “MnSOD” Alal6Val polymorphism was
associated with preoperative and postoperative MnSOD
levels, which decreased in the order of the AA<AV<VV
genotype in our study (Figure 2A and 2B). Patients with the
wild-type AA genotype had the highest preoperative and
postoperative MnSOD levels. Furthermore, it was observed

that patients with the MnSOD VV genotype had lower
preoperative- and postoperative-MnSOD levels compared
with  MnSOD AA genotype, by 259% and 11,45%
respectively. We observed that the MnSOD VV genotype was
associated with significantly lower preoperative MnSOD
levels compared to AA carriers (p<0.05).

This shows that the, antioxidant capacity in patients with
the Val allele carriers is preoperatively reduced.

CPB causes a degree of lung injury, which is usually mild
and not significant (15-17). Although this can be related to
an increased cytokine release in those patients it is hard to
prove a clear relation between the cytokine levels and clinical
outcome. However, the human lung consists of an elaborate
antioxidant system; lower levels of MnSOD activity, which
reflects a decrease in antioxidant capacity, might be
responsible for the prolonged ventilation found in our study.
It is well known that the increased lipid peroxidation and
substantial decrease in primary antioxidants during CPB
results in increased pulmonary vascular permeability in
postcardiopulmonary bypass patients.

Due to the small number of patients and their being
relatively young and healthy, we did not observe any serious
morbidity or mortality in our study group. However, the
primary aim of the present study was not to address this
issue. It would be beneficial to increase the number of
patients and incorporate other inflammatory and anti-
inflammatory cytokines into the study.

Perioperative care and risk profiling remains an important
component of modern cardiac surgery. Patient responses to
surgical stress and hemodynamic changes vary. Individual
genetic variability in specific biological pathways during and
after surgery can contribute to the development of
postoperative adverse events. The identification of pre-
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Figure 1. A) Preoperative and postoperative IL-6 levels according to
“MnSOD” genotypes in patients. B) Preoperative and postoperative IL-6
levels according to “MnSOD” alleles in patients. All the values are
expressed as means.

operatively  vulnerable patients based on genetic
polymorphisms will become an important tool in daily practice.

In conclusion, preoperative “MnSOD” Alal6Val
genotyping may be useful in determining patients who are
genetic susceptible to increased cytokine release and
oxidative stress. Furthermore, these patients can benefit
from off-pump surgery as an alternative to CPB.
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Figure 2. A) Preoperative MnSOD levels according to “MnSOD” genotype
in patients. B) Postoperative MnSOD levels according to “MnSOD”
genotype in patients. All the values are expressed as means.

References

1 Church SL: Manganese superoxide dismutase: nucleotide and
deduced amino acid sequence of a ¢cDNA encoding a new
human transcript. Biochim Biophys Acta 1087(2): 250-252, 1990
Erratum in: Biochim Biophys Acta 1171(3): 341, 1993.

2 Nelson DL and Cox MM: Lehninger Principles of Biochemistry.

3rd edn, Worth Publishers, New York, 2000.

3 Shimoda-Matsubayashi S, Matsumine H, Kobayashi T,

Nakagawa-Hattori Y, Shimizu Y and Mizuno Y: Structural
dimorphism in the mitochondrial targeting sequence in the
human manganese superoxide dismutase gene. A predictive
evidence for conformational change to influence
mitochondrial transport and a study of allelic association in
Parkinson’s disease. Biochem Biophys Res Commun 226: 561-
565, 1996.



Isbir et al: MnSOD Polymorphism in Open Heart Surgery

4 Rosenblum JS, Gilula NB and Lerner RA: On signal sequence
polymorphisms and diseases of distribution. Proc Natl Acad Sci
USA 93: 4471-4473, 1996.

5 Sutton A, Khoury H, Prip-Buus C, Cepanec C, Pessayre D and
Degoul F: The Alal6Val genetic dimorphism modulates the
import of human manganese superoxide dismutase into rat liver
mitochondria. Pharmacogenetics 13: 145-157, 2003.

6 Farrokhyar F, Wang X, Kent R and Lamy A: Early mortality
from off-pump and on-pump coronary bypass surgery in
Canada: a comparison of the STS and the EuroSCORE risk
prediction algorithms. Can J Cardiol 23(11): 879-883, 2007.

7 Miller SA, Dykes DD and Polesky HS: Simple salting-out
procedure for extracting DNA from human nucleated cells.
Nucleic Acid Res 76: 1215-1219, 1988.

8 Mitrunen K, Sillanpaa P, Kataja V, Eskelinen M, Kosma VM,
Benhamou S, Uusitupa M and Hirvonen A: Association between
manganese superoxide dismutase (MnSOD) gene polymorphism
and breast cancer risk. Carcinogenesis 22(5): 827-829, 2001.

9 Levy JH and Tanaka KA: Inflammatory response to
cardiopulmonary bypass. Ann Thorac Surg 75(2): S715-720,
2003.

10 Ak K, Isbir S, Tekeli A, Ergen A, Atalan N, Dogan S, Civelek
A and Arsan S: Presence of lipoprotein lipase S447X stop
codon affects the magnitude of interleukin 8 release after
cardiac surgery with cardiopulmonary bypass. J Thorac
Cardiovasc Surg 134(2): 477-483, 2007.

11 Grunenfelder J, Umbehr M, Plass A, Bestmann L, Maly FE,
Zund G and Turina M: Genetic polymorphisms of
“apolipoprotein E4” and “tumor necrosis factor beta” as
predisposing factors for increased inflammatory cytokines after
cardiopulmonary bypass. J Thorac Cardiovasc Surg 128(1): 92-
97, 2004.

12 Tomasdottir H, Hjartarson H, Ricksten A, Wasslavik C,
Bengtsson A and Ricksten SE: “Tumor necrosis factor” gene
polymorphism is associated with enhanced systemic inflammatory
response and increased cardiopulmonary morbidity after cardiac
surgery. Anesth Analg 97(4): 944-949, 2003.

13 Kocabas NA, Sardas S, Cholerton S, Daly AK, Elhan AH and
Karakaya AE: Genetic polymorphism of “manganese superoxide
dismutase” (MnSOD) and breast cancer susceptibility. Cell
Biochem Funct 23(1): 73-76, 2005.

14 Zelko IN, Mariani TJ and Folz RJ: “Superoxide dismutase”
multigene family: a comparison of the CuZn-SOD “SOD1”,
MnSOD “SOD2”, and EC-SOD “SOD3” gene structures,
evolution, and expression. Free Radic Biol Med 33(3): 337-
349, 2002.

15 Giomarelli P, Scolletta S, Borrelli E and Biagioli B: Myocardial
and lung injury after cardiopulmonary bypass: role of
interleukin(IL)-10. Ann Thorac Surg 76(1): 117-123, 2003.

16 El Azab SR, Rosseel PM, de Lange JJ, Groeneveld AB, van
Strik R, van Wijk EM and Scheffer GJ: Dexamethasone
decreases the pro- to anti-inflammatory cytokine ratio during
cardiac surgery. Br J Anaesth 88(4): 496-501, 2002.

17 Massoudy P, Zahler S, Becker BF, Braun SL, Barankay A and
Meisner H: Evidence for inflammatory responses of the lungs
during coronary artery bypass grafting with cardiopulmonary
bypass. Chest 779(1): 31-36, 2001.

Received October 10, 2007
Revised December 24, 2007
Accepted December 31, 2007

151




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


