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Increased Plasma Thioredoxinin Patientswith Acute Myocardia Infarction
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Summary

Background and hypothesis: Thioredoxin is an important
biomarker for oxidative stress. Weinvestigated whether thiore-
doxin levels were elevated in patients with acute myocardia
infarction (AMI) and were associated with the results of coro-
nary reperfusion.

Methods. The present study determined plasmathioredox-
inlevelsin 51 patientswith AMI, 30 patientswith stable exer-
tiona angina(SEA), and 30 patientswith chest pain syndrome
(CPS). Plasmasamplingwasperformed onadmission, at 12 h,
1 week, 2 weeks, and 4 weeksin patientswith AMI, and after
admissionin patientswith SEA and CPS.

Results: Plasmathioredoxin level son admissonwerehigh-
erin paientswith AMI thaninthosewith SEA and CPS. Plas-
mathioredoxin levelsin patientswith AMI weredecreasedin
12 hwithout further change thereafter. However, thioredoxin
levelsin patientswith AMI remained higher thaninthosewith
SEA. In multivariate analysis, higher levels of thioredoxin on
admissonwerearisk factor for failurein emergent reperfusion
therapy in patientswith AMI independent of other factors.
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Conclusion: Plasmathioredoxin levels are elevated in pa
tients with AMI, and higher thioredoxin levels may predict
subsequent failed coronary reperfusion therapy in patients
withAMI.
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Introduction

Oxidative stress is believed to play an important role in
coronary artery disease.l 2 A previous study has shown that
plasmal/serum levelsof thioredoxin are el evated under oxida
tive stress-associated disorderssuch asviral infectionsandis-
chemiareperfusion.3 Recently, thioredoxin in human plasma
has begun to be quantitatively measured as amarker of ox-
idative stress by asandwich enzyme-linked immunosorbent
assay (ELISA).3 4 Measuring the plasma/serum levels of
thioredoxinisagood diagnostic marker for the host response
to oxidative stress. However, there are no reports showing a
changein plasmalevels of thioredoxin in patientswith acute
myocardial infarction (AMI). Inthe present study, we exam-
ined the plasmathioredoxin levelsin patientswith AMI, sta-
bleexertional angina(SEA), and chest pain syndrome (CPS),
and the relationshi p between oxidative stress and the results
of interventionin patientswith AMI.

Methods
Study Population

The AMI group consisted of 51 patients (36 men, 15wom-
en; mean age 65 + 12 years) who were admitted within 6 h af-
ter theonset of symptoms. Thediagnosisof AMI wasmadeon
the basis of chest pain persisting for at least 30 min, ST-seg-
ment elevation of >0.2mV inat |east two contiguousleadson
astandard 12-lead el ectrocardiogram (ECG), and el evation of
serum crestine kinase (CK) level more than twice the upper
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limit of normal. Theaveragetimefromtheonset of symptoms
toadmissonwas 2.6 + 1.9 (mean + standard deviation [SD])
h, ranging from 0.3 to 6 h. The present study included patients
with SEA and CPS who were matched for age and gender
withthosewith AMI during the study period. The SEA group
consisted of 30 patients (20 men, 10 women; mean age68+ 9
years) who had typica exertional angina, = 90% narrowing of
the major coronary arteries, and no coronary spasm induced
by acetylcholine.® The CPSgroup consisted of 30 patients (18
men, 12 women; mean age 63 + 8 years) who had no signifi-
cant coronary artery stenosis(< 25% of luminal diameter), and
no coronary spasmwasdemonstrated by theintracoronary in-
jection of acetylcholine®

Coronary Angiography

Immediately after they were diagnosed with AMI, al pa-
tientsunderwent coronary reperfusion therapy with recombi-
nant tissue-plasminogen activator (t-PA), rescue percutaneous
tranduminal coronary angiography (PTCA), or direct PTCA.
All patients with AMI including those in the present study
werediagnosed in our hospital and coronary reperfusion ther-
apy wasstarted within 30 min after diagnosis. Twenty-onepa:
tientswere trested with thrombolytic therapy, 6 patientswith
thrombolytic therapy and rescue PTCA, and 24 patientswith
direct PTCA. Successful reperfusion therapy was defined as
loss of chest pain and improvement of ST-segment elevation
and patency intheinfarct-related artery at repeat coronary an-
giography, or improvement in coronary flow to TIMI grade 3
after reperfusion and patency intheinfarct-related artery at re-
pest coronary angiography. Failed reperfusion therapy wasde-
fined ascoronary flow remaining a TIMI grade 0-2 after res-
cue PTCA, distal embolism or no reflow occurring in the
infarct-related artery, or tota occlusion occurring in the in-
farct-related artery as shown at repeat angiography. Further-
more, repeat coronary angiography was performedin dl pa-
tientswith AMI to assesstheinfarct-related artery at 4 weeks
after admission. Writteninformed consent was obtained from
each patient and the patient’sfamily. Thestudy protocol wasin
agreement with the guidelines of the ethics committeesat our
ingtitutions.

Blood Samples

After admission, blood samples for plasma thioredoxin
were obtained from an antecubital vein in patientswith SEA
and CPS. Blood samplesin patientswith AM| were obtained
immediately after admission. At thetimeof sampling, thefirst
3 ml of blood were obtained for biochemical assessment, and
the subsequent 4.5 ml of venousblood were collectedin ase-
quential manner into an evacuated tube containing 0.5 ml of
sodium citrate (0.13 mol/l, pH 7.5). All blood samples were
immediately centrifuged at 3000 rpm for 10 min at 4°C, and
aliquots of samples were stored at —80°C until analyzed.
Venous blood sampleswere al so taken 12 h after initiation of
thrombolytic therapy and direct PTCA, and 1 week, 2 weeks,
and 4 weeksthereafter inthe samemanner.

Sandwich EL1SA for Thioredoxin

Two different kinds of antirecombinant thioredoxin murine
monoclond antibodies(ADF-11 and ADF-21) and asandwich
ELISA for human thioredoxin were provided by FujiRebio
Co. Ltd., Tokyo, Japan, and used asprevioudy described 34 As
a standard, serid dilution of 5-320 ng/ml of recombinant
thioredoxin were used. Data were analyzed by a software
SOFTmax Verson 2.31 (Molecular Devices Corp., Sunny-
vale, Calif., USA) by fitting four parameter logit-log transfor-
mations of standard recombinant thioredoxin.

Statigtical Analysis

All data were given as mean + SD. The error barsin the
Figuresshow the SD of themean. The comparisonsof contin-
uousdataamong the three groupswere performed with 1-way
anadysisof variance (ANOVA) followed by Scheffé stest, and
those between thetwo patient groupswere performed with un-
paired t-test. The frequency dataamong the three groupsand
between the two patient groups were compared by the chi-
suaretest. Probability levels< 0.05 wereconsderedto be sta
tistically significant. To eval uatethioredoxin level sasaninde-
pendent risk factor differing between the patients in whom
reperfusion therapy was successful or failed, multiplelogistic
regression andys swasperformed, using thefollowing factors
ascategorica covariates. high levelsof thioredoxin on admis-
sion (>144.0 ng/ml, 75th percentile of the distribution of the
thioredoxinlevel inthe AMI group), low high-density lipopro-
trein (HDL) cholesterol (<35 mg/dl), timetoadmission (> 2h,
50th percentile of the distribution), infarct-related artery (not
theleft anterior descending artery), multivessel disease (dou-
ble- or triple-vessd disease), reperfusion therapy onadmission
(non PTCA), and max CK (>39731U/l, 75th percentile of the
distribution of the CK level inthe AMI group).

Reaults
PatientsChar acteristicsamongthe Three Groups

The clinicd characteristics in the AMI, SEA, and CPS
groupsareshownin Tablel. TheAMI, SEA, and CPSgroups
were matched for age, gender, frequency of coronary risk fac-
tors, and lipids levels. The AMI and SEA groups were also
matched for extent of coronary artery disease.

Assessment of Plasma T hioredoxin Levelsamongthe
ThreeGroups

Plasmathioredoxin levels (ng/ml) were higher in patients
with AMI (1034 + 65.4) than in those with SEA (27.14 £
13.4) and CPS(17.7+ 8.6,p<0.001, Fig. 1). Therewasno dif-
ferencein the mean level of plasma thioredoxin between the
SEA and CPS groups. The plasmathioredoxin levelsin pa-
tients with AMI were decreased after admission (Fig. 2).
However, the plasmathioredoxin levelswere el evated after 4
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TaBLE |  Patient characterigticsinthethree study groups
Acute Stable Chest
myocardid  exertiond pain
infarction angina  syndrome
Characteristics (n=51) (n=30) (n=30)
Age(years)
Mean 65+ 12 68+9 6318
Range 3382 43-83 47-80
Men/women 36/15 20/10 18/12
Hypertension 28 17 13
Smoking 3 13 14
Digbetesmellitus 18 16 8
Obesity 16 6 4
Total cholesteral (mg/dl) 210+ 46 193+34 189+34
HDL cholesterol (mg/dl) 44+ 15 49+ 16 50+ 13
Triglyceride (mg/dl) 155+ 93 115452  118+41
Number of coronary arteries
narrowed >75%
O-ves 0 0 30
1-vesHd 11 20 0
2-vessl 5 6 0
3vessd 5 4 0

Abbreviation: HDL = high-density lipoprotein. Vaues are expressed
asmean + standard deviation or number.

weeksin patientswith AMI compared with those with SEA
and CPS(p<0.001).

Patient Char acteristicsbetween the Successand Failure
Groupsin Patientswith AcuteM yocar dial I nfarction

Theclinicd characteristicsin the success (n=41) andfail-
ure(n=10) groupsof paientswith AMI areshowninTablell.
The failure group consisted of three patients with no reflow,
two patientswithout reperfusion, three patientswith distal em-

p<0.001
400 p<0.001
3001 *
-
200 1 "

w i

100 - “#siid,

ll'ﬂ"'-!'-i-'-“"'l o
o T allien e

Plasma thioredoxin levels (ng/ml)

Acute Stable Chest
myocardial exertional pain
infarction angina syndrome

Fic.1 Comparison of plasmathioredoxin levels among the acute
myocardial infarction, stable exertional angina, and chest pain syn-
dromegroups (mean + standard deviation). Solid circlesindicate pa-
tientswith AMI inthefailuregroup and open circlesindicate patients
with AMI inthesuccessgroup. AMI = acutemyocardia infarction.

bolism, and two patientswith subtotal occlusion shown by re-
pest coronary angiography after 4 weeks. There were no dif-
ferencesin age, gender, extent of coronary artery disease, time
to admission, infarct-related artery, reperfusion therapy, and
max CK level. However, HDL cholesterol level washigherin
the successgroup thaninthefailure group.

Comparison of Thioredoxin L evelsbetween Patientsin the
SuccessGroup and Thosein theFailure Group

In multiple logistic regression analysis, high levels of
thioredoxin (> 144.0 ng/ml) werethe significant predictors of
failureof reperfusion therapy independent of other risk factors
in patientswith AMI (Tablelll).

Discussion

Our study demonstrated for the first time that plasma
thioredoxin levels were significantly increased in patients
with AMI compared with thosewith SEA and CPS. Theele-
vation of serum thioredoxin levelsin patientswith heart fail-
ure has been reported.® Although the precise mechanism of
thioredoxin secretionisstill not clarified, plasmalevel sof hu-
man thioredoxin are the response against oxidative stress.”
Thereisapossihility that plasmathioredoxin levelswereee-
vated by the inflammatory response againgt the oxidative
gtressin patientswith AMI in the present studly.

Recently, Takagi et al. have demonstrated that in human
atherosclerotic specimens, thioredoxin and thioredoxin
mMRNA were enhanced in endothelia cellsand macrophages
intheatherosclerotic plagues.g Wehave reported that in direc-
tiona coronary atherectomy specimens, the area of macro-
phage infiltration in the sections from patients with unstable
anginaand AMI waslarger thanthat in patientswith SEA, and
tissuefactor expression on macrophageswas morefrequently
obsarved inthese patients.® Therefore, oneof themajor origins
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Fic.2 Serid change in plasma thioredoxin level in patients with
acute myocardid infarction (mean + standard deviation). AMI =
acute myocardial infarction, SEA = stable exertional angina, CPS=
chest pain syndrome.
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TaBLE || Patient characteristicsinthesuccessand failuregroupsin
patientswith acute myocardia infarction

Success Failure
group group
Characterigtics (n=41) (n=10) pVdue
Age(years)
Mean 65+ 13 65+9 0.984
Range 53-82 3382
Men/women 27114 91 0.133
Hypertension 23 5 0.729
Smoking 28 5 0.278
Diabetesmellitus 15 3 0.696
Obesity 12 2 0.556
Total cholesteral (mg/dl) 212+ 47 198+ 38 0.358
HDL cholesterol (mg/dl) 46+ 15 3B+11 00424
Triglyceride (mg/dl) 155+ 101 155+ 58 0.988
Number of coronary arteries
narrowed >75% 0.972
1-vesd 33 8
2-vesd 3 2
3-vess 5 0
Max CK (1U/l) 2604+2214 2993+1953 0.614
Infarct-related artery 0.106
LAD 19 4
LCx 1 2
RCA 21 4
Therapy 0.205
PTCA 21 3
Thrombolysis 17 4
Rescue PTCA 3 3
Timetoadmission 25+19 32+18 0.317
Thioredoxin levels
onadmission (ng/ml) 91.8+66.1 150.8+358 0.009

Abbreviations: HDL = high-density lipoproteins, CK = creatine ki-
nase, LAD = |eft anterior descending, LCx = | eft circumflex, RCA =
right coronary artery, PCTA = percutaneoustrandumina angioplasty.

of elevated plasma thioredoxin is speculated to be unstable
atheroscrelotic plaquesintheinfarct-related artery. It wasal so
reported that the appearance of oxidative productsin peripher-
a blood of patientswith AMI istheresult of their increasedre-
lease from theinfarcted heart during theinflammatory phase

of myocardial ischemia.’® Another magjor origin of thioredox-
inmay beischemic or infarcted myocardium.

Severd studieshave shownthat plasmalevel sof natural an-
tioxidantsarelower in cardiovascular diseases 2L ow levels
of antioxidantsarethought to betheresult of exhaustion of the
antioxidants by increased lipid oxidation stress, such asfree
radica productioninduced by severemyocardia ischemiaand
reperfusion. Superoxideradica generation wasdetectedin pa-
tients with ischemic heart disease.l® The heightened plasma
thioredoxinlevelsinthe present study are consistent with such
anincreased oxidative stressin cardiovascul ar diseases.

Inthe present study, thethioredoxin level washigher inthe
failurethaninthesuccessgroup, andthe HDL cholesterol lev-
el washigher in the successgroup than inthefailure group. It
was reported that antioxidants played arolein HDL choles-
terol 1 Oxidantsinfluencethe baance of the coagulation sys-
tem toward platelet aggregation and thrombus formation.1>
Low HDL cholesteral isacoronary risk factor and may alsobe
a prognostic factor of failed coronary reperfusion therapy.
However, inthe present study, only high levels of thioredoxin
werethesignificant predictorsof failure of reperfusionthera
py independent of other risk factorsin patientswith AMI.

Glutathione supplementation reduced generation of reac-
tive oxygen speciesin ischemiareperfusionin vivo.16 Oxida
tive stress plays an important rolein the mechanism(s) of en-
dothelia dysfunctionin cardiovascular diseases. 11° Antioxi-
dants have been shown to restore endothdid function in pa-
tientswith coronary artery disease. 20 2L |tisknownthat statins
and ACE inhibitorsimprove endothdlial function; 2 23 there-
fore, they may influence the thioredoxin levels at admission
and during hospital stay and follow-up. In the present study,
there were no differencesin medication between the success
and failure groups. Further study may elucidate the relation-
ship between thioredoxin and endothelia functionin patients
with coronary artery disease.

Datafrom many of our previoudy published studieson the
subject of thioredoxin are cited in the present study.

Conclusion

We have demonstrated for thefirst timethat plasmathiore-
doxinlevelsareeevated in patientswith AMI compared with

TasLE III  Multiplelogigticregression analysis: Variablesdiffering between the patientsin the success group and thosein thefailuregroup
Charaterigtics Oddsretio 95%Cl pVaue
Thioredoxin on admission>144.0 (ng/ml) 10.86 1.46-80.63 0.02

HDL cholesterol <35 (mg/dl) 3.46 0.57-21.08 0.18
Timetoadmission (>2h) 341 0.48-24.45 022
Infarct-related artery (nonLAD) 286 0.40-20.56 0.30
Multivessd disease 298 0.32-27.92 034
Reperfusontherapy (non PTCA) 207 0.33-13.01 0.44

Max CK >3976 (1U/l) 148 0.23-9.38 0.68

Abbreviation: Cl = confidenceinterval. Other abbreviationsasin Tablell.
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those in patients with SEA and CPS, and that higher thiore-
doxin levelson admission arearisk factor for failure of coro-
nary reperfusiontherapy inpaientswith AMI. Thus, oxidetive
sressmay play apossiblerolein the pathogenesisof AMI.
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