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Study on Changes of Heme Oxygenase-1 Expression in Patientswith Coronary
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Summary

Background: Heme oxygenase (HO) isarate-limiting en-
zyme of endogenetic carbon monoxide (CO) that degrades
hemeinto carbon monoxide, bilirubin, and iron. These prod-
ucts have important physiologic effects: bilirubin is a potent
antioxidant that can act against ischemialreperfusion injury;
there is a negative correlation between the content of HO-1
and theincidence of coronary heart disease (CHD).

Hypothesis: This study was undertaken to investigate the
changesof HO-1in patientswith CHD.

Methods: Thirty-five patientswith acutemyocardid infarc-
tion (AMI), 40 patients with unstable angina pectoris (UAPR,
diagnosed by coronary angiography), and 30 patientswith sta-
ble anginapectoris (AR, diagnosed by coronary angiography)
were selected for the study; another 30 patients with normal
coronary artery (diagnosed by coronary angiography) were
sdlected ascontrols. Thelevelsof HO-1 protein expressionin
monocyte and lymphocytein the subjects were tested by im-
munohistochemistry and western blot. Computer pictureana-
lyzing systemswere a so used to measure thelevelsof HO-1
protein expression.

Results: Heme oxygenase-1 protein islocated in cell plas-
ma. The levels of HO-1 protein expression in patients with
CHD were significantly higher than in those without CHD
(p<0.01). Thereweresignificant differencesof HO-1 expres-
sionamong thethree groupsof patientswith CHD. Thegroup
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with AMI wasthe highest, followed by the group with UAP
andfinally by thegroupwith AP,

Conclusions: Thereisahigher expression of HO-1in pa
tients with CHD. The levels of HO-1 protein are associated
withthe severity of CHD.
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Introduction

Heme oxygenase (HO) isarate-limiting enzyme of endo-
genetic carbon monoxide (CO) that degrades hemeinto car-
bon monoxide, bilirubin, and iron. These products haveim-
portant physiologic effects: bilirubin is a potent antioxidant
that can act against ischemialreperfusion injury; there is a
negative correl ation between the content of HO-1 and thein-
cidence of coronary heart disease (CHD).1- 2 Carbon monox-
idewas previoudly regarded as apoisonous gas, however, re-
cent studies have shown carbon monoxide to be a factor
acting as a potent vasodilator within its physiologic concen-
tration; CO activates soluble guanylate cyclase and elevates
thelevel of cyclic guanosine monophosphate (CGMP) in tar-
et tissues, which dilatesblood vessels, and also doesthisby
directly activating potassum channels in vascular smooth
musclecdlls. Inaddition, COinhibitsplatel et aggregation and
proliferation of vascular smooth muscle cdlls, inhibits apop-
tos's, and stimul atesangiogenesisfor regul ation of cardiovas-
cular function. Weinvestigated thelevelsof HO-1 protein ex-
pression in monocyte and lymphocyteisolated from patients
indifferent stagesof CHD to demonstrate the rel ationship be-
tween HO-1 protein and the severity of CHD and to establish
abase of application of HO-1in therapeutic strategies.

Materialsand Methods
SampleCaollection
Patientswere sdlected from Department of Cardiology, the

First Affiliated Hospital, Shantou University Medical College
between April 2002 and December 2003. Of the selected 105
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patientswith CHD (diagnosed by coronary angiography), 35
were diagnosed as acute myocardia infarction (AMI group:
clinical presentationsincluding sharp chest pain exceeding 30
min; ST-segment e evation and abnorma Q waveintheelec-
trocardiogram [ECG] showing kinetic changes, serum cregtine
kinase [CK]-MB, lactate dehydrogenase [LDH]-1, and tro-
ponin | mounting obvioudly), 40 as unstable angina pectoris
(UAP group: including other types of AP except stable AP),
and 30 as stable AP (AP group: substernal chest discomfort
with acharacteristic quality and duration within 30 min, pro-
voked by exertion or emotiond stressand rdieved by rest or ni-
troglycerin). Another 30 patientswith normal coronary arteries
were selected as controls. No subject had confirmed infection
within4weeks. Thehistory of hypertension, diabetesmdlitus,
hyperlipidemia, and smoking wasrecorded s multaneoudly.

Cdl Separation

Lymphocytesand monocyteswereisolated by lymphocyte
separation medium named PAA, LABORA, TORIES (bio-
logical engineering ingtitution of the Chinese Academy of
Medica Science, Tianjing). Oneportion of fresh anticoagul at-
ing blood wasdiluted by portion of Hank’sfluid, and one por-
tion of separation mediumwascarefully added to the mixture.
At centrifugation at 1300 r/minfor 15 min, the layer between
plasma and ficoll enriches the lymphocytes and monocytes.
After diffusion through the ficoll layer, the granulocytes and
erythrocytesproduceape let. Theinterphasecanthenbecare-
fully removed with a Pasteur pipette. The cell population
should be washed twice in the culture medium to separate
lymphocytes and monocytes.

Immunohistochemistry

Sectionsto distilled weter, endogenous peroxidase activity
was blocked by incubation in 3% H2O, for 15 min, followed
by overnight incubation with the primary antibody for rabbit
antihuman HO-1 polyclonal antibody (AlexisBiochemicals,
Rab, #ALX-210-116-R100) at a 1:400 dilution at 4°C. Sec-
tionsareincubated with biotinylated goat antirabhbit IgG dilut-
ed in secondary antibody dilution buffer for 30 min at 37°C.
The detection step was performed using LSAB+ kit and 3,3
diaminobenzidine (Dako) aschromogen. Sideswere counter-

stained with hematoxylin, rinsed in tap water, dehydrated,
placedin xylene, and mounted. Negative control wasdesigned
using phosphate-buffered saline (PBS) instead of primary an-
tiserum. The positiveimmunohistochemical staining of HO-1
proteinswas shown asbrown signasinthecytoplasm. Digita
images were acquired with a Leica imaging microscope
(Leica, Germany) using L eicasoftwarewith standard adj ust-
ments in image brightness and contrast. An image analyzer
(HPIAS-1000) was used to andlyze the gray scale scan se-
quantity for theexpressionintensity of HO-1 protein.

Western Blot

Protein was homogenized, whole-cell lysateswere boiled
and sonicated, and SDS-PAGE was performed with 50 pg
protein per tissue. The separated blotsweretransferred to ni-
trocellulose membranes, the nitrocellulose masked by incu-
bating it overnight in 5% nonfat dry milk, and incubated with
an anti-HO-1 polyclonal antibody (1:500; Stressgen Bio-
technologies Corp.). Membranes were incubated with an-
tirabbit horseradish peroxidase-conjugated secondary anti-
body (1:500) followed by treatment with enhanced chem-
iluminescence reagents (Amersham Corp.). Densitometric
analysisof gd filmswas performed with an image analyzer
(Sigmapro, USA).

Statigtical Analysis

Daawere anayzed using professiond tatistical computer
software (Statistica Packagefor Socid Sciencesversion 11.0,
SPSSinc., Chicago, Il., USA). All valuesare expressed asthe
mean + standard error (SE). Comparisons were made using
one-way anadysisof variance (ANOVA) followed by Dunnet’'s
test and chi-squaretest. P< 0.05 wastaken assignificant. All
reported p vauesaretwo-sided.

Results

Clinical Data

General conditions and risk factorsfor CHD areshownin
Tablel.

TaBLE |  Between-group comparison of general conditionsand risk factorsof coronary heart diseese

No. of Age Sex Hypertenson Diabetes Hyperlidpemia Smoking
Team patients (years) F'M mellitus(n) (n) (n)
Control 30 64.4+6.92 7/230 6b 110 20b
AP 30 635+7.7 8/22 7 10 18
UAP 40 63.8+£6.8 10/30 8 14 26
AMI 35 624+8.2 9/26 7 12 19

ap>0.05 (intergroup comparison, one-way ANOVA followed by Dunnet’stest).

b p>0.05 (intergroup comparison, chi-squaretest ).

Abbreviations: F=femae, M =male, AP= anginapectoris, UAP= unstable anginapectoris, AMI = acutemyocardid infarction.
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Fic.1 Expression of heme oxygenase-1 protein in the different
groups with immunohistochemical staining (1:400). Control: few
positivesignalsin the cytoplasm; AP: afew brown signalsinthecy-
toplasm; UAP: evident brown signasin the cytoplasm; AMI: many
more brown signals in the cytoplasm than UAP group. Abbrevi-
ationsasin Tablel.

Histopathology

The positiveimmunohistochemical staining of HO-1 pro-
teinswas shown asbrown signalsin the cytoplasm; therewas
littleexpressioninthecytoplasminthecontrol group. Thelev-
elsof HO-1 protein expressionin patientswith CHD weresig-
nificantly higher thanin thosewithout AMI (p<0.01). There
wasamaximum expression of HO-1in patientswith AMI and
a minimum expresson in the group with AP Results are
showninFigureland Tablell.

Western Blot

We mesasured expression of HO-1 by immunohistochem-
istry andwestern blot, and compared theresults(Figs. 2and 3,
Table I11). Expression of HO-1 increased significantly as it
progressed fromthe APto the UAPand tothe AMI team. The
expression of HO-1waslow inthe controls, dightly increased
ingroupwith AP, markedly increased in group with UAP, and
further increased in group with AMI. This pattern of change
wassimilar to that of immunohistochemistry.

TaBLE Il  Between-group comparison of the expression of heme
oxygenase (HO)-1 (mean + standard deviation)

Discussion

Among thethreereported HO isoforms(HO-1, -2, -3), HO-
lisinducibleand ubiquitoudy expressed, particularly after in-
duction by oxidative stress, but HO-2 and HO-3 are congtitu-
tively expressedin cdlls, HO-1lisamicrosomal enzyme, essily
found in both spleen and liver tissuein which reticul oendothe-
lial cellsare abundant; HO-1 expresson variesin other tissues
induced by oxidative stress. In thisresearch, we investigated
the expression of HO-1in monocyte and lymphocyte coming
from patientswith CHD. Heme oxygenase-1 playsan impor-
tant roleinthe conservancy of the cardiovascular system:3 pro-
tecting cardiac muscle cells and endothelia cdll by antioxi-
dant, blocking thegrowth and proliferation of vascular smooth
musclecells (VSMC), maintaining tissue homeostasisand in-
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Fic.2 Resultsof electrophoresis: at right isthe marker; the 30kD
proteinisinthemiddle. Next to the marker are AMI, UAP, AP, and
Control groups. A protein band, with molecular weight of about 32
kD, isjust above 30 kD in each group. Among the four groups, the
intensity of 32 kD proteininthegroupswith AMI and UAPisheav-
ier than that in the group with AP and the control group. Abbrevi-
ationsasinTeblel.

- -

fem— = 32 kd

UAP AP Control AMI

Fic.3 Westernblot andysesof hemeoxygenase (HO)-1inthefour
groups. Among them, theintensity of HO-1 (32 kD) is heaviest in
the group with AMI, less heavy in the group with UAP, and least
heavy inthegroup with AR, Thereislittle HO-1 expressionin con-
trol group.

TaBLE Il Among-group comparison of the expression of heme
oxygenase (HO)-1

Team No. of patients Meanarea Mean gray intensity Team No. of patients Gray intensity
Contral 30 128+25 24.7+£95 Control 30 105+14
AP 30 34754 65.4+132 AP 30 276+18
UAP 40 428+5.8 78.8+105 UAP 40 425127
AMI 35 62576 96.7+£11.4 AMI 35 80.6+95

Abbreviationsasin Tablel.

Abbreviationsasin Tablel.
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hibiting endothelia cdll gpoptosis, lightening vascular bed re-
congtruction after injury, and restraining directly cardiac mus-
clecdlshypertrophy. Itsproduct CO can dilate blood vessdls
directly. Juan et al .#injected recombinant adenovirus (contain-
ing the HO-1 gene) into 14-week-old ApoE-deficiency mice
and found that HO-1 cannot only choke back the devel opment
of early atherosclerosis, but aso control the progress of later
atherosclerosis. Tuliset al .5 injected recombinant adenovirus
containing the HO-1 geneinto therat with balloon angioplas-
ty inthecarotid artery. Two weeks|ater, elevated HO-1 protein
was observed in the Ad-HO-1 arteries compared with those
exposed to empty adenovirus (Ad-E). Thearteriesexposed to
Ad-HO-1 exhibited a significantly reduced neointimal area,
medial wall area, neointimal ares/lmedial wall arearatio, and
neointimal thicknesscompared with arteriesexposedto Ad-E.
Wang et al .8 found that there was overexpression of HO-1in
atheroscleratic lesion. Li Volti et al.” investigated the effect of
HO-1expressononcell cycleprogressoninendothdlia cells
(EC) and smooth muscle cells (SMC) and found that HO-1
regulated the cell cyclein acell-specific manner; it increased
EC but decreased the SMC cycle progression. Mayer® and
Santiago et al.2 found that an inverse relationship exists be-
tween circulating bilirubin concentrations and risk of CAD,
but studies on the relationship between HO-1 and CHD were
rarely conducted.

While the mgjority of evidence supports a cytoprotective
role for HO-1, thisis not a universal finding. Paradoxically,
studies found that a high-level HO-1 expression following
adenovird-mediated gene transfer induces SMC apoptosis
bothinvitro andinvivo.> 8 Under these conditions, the apop-
totic action of HO-1 appearsto be mediated viathe release of
thebile pigments, biliverdin, and bilirubin, which at high con-
centrations are knowninducers of apoptosis.2 Thesefindings
clearly demongratethat HO-1 and itsproducts can exert diver-
gent effectson cdl survival depending on doseand cell type.

Inthis study, we directly observed the expression of HO-1
in the patients with CHD, and found that the levels of HO-1
protein expression in these patients were significantly higher
than thosein normd persons. It may suggest that HO-1 beex-
pressed at high level sunder nonphysiologic conditions. In ad-
dition, among the patients with CHD, we found that the ex-
pression of HO-1washighest inthe patientswith AMI, lowest
in those with stable AR, and intermediate in those with UAP,
Thisindicatesthat thereisarel ationship between expression
of HO-1 and the severity degree of CHD. Thefact that the ex-
pression of HO-1 wasincreased may be an auto-protectivere-
actiontoinjury. Yachie et al.® presented not only thefirst hu-
man case of HO-1 deficiency, but may dso providecluestothe
key rolesplayed by thisimportant enzymein vivo.

Studiesof the heart suggest that HO-1 may modulate cellu-
lar hypertrophy. Heme oxygenase-1 knockout mice exposed
to hypoxiaexhibit significantly greater ventricular hypertro-
phy than dowildtype controls, suggesting that theinduction of
HO-1may functioninan autocrinemanner tolimit cardiac hy-
pertrophy. 191t may thereforebe useful toinduce HO-1 expres-
sion to prevent cardiac hypertrophy, thereby improving heart
dilating function.

Substantial evidenceindicatesthat HO-1isanegativeregu-
lator of growthin vascular SMCs. Theinduction of HO-1 ex-
pression by hemin administration or by gene transfer blocks
growth in porcine and rat aortic SMCs.11 12 Vascular SMCs
obtained from HO-1 knockout mice exhibit enhanced SMC
proliferation and DNA synthesis compared with SMCsfrom
wild typeanimals.13 Theinhibition of vascular SMC prolifer-
ation by HO-1 appearsto be mediated viathe release of CO.
The CO scavenger, hemoglobin, potentiatesthe proliferative
response of vascular SMC to severa growth factors.14 15 |n
addition, the administration of physiologicaly relevant con-
centrations of CO (100—200 ppm) inhibits SMC proliferation
and DNA synthesisin responseto severa growth factors. 1215

Based on the above findings, we may treat some occlusive
vascular disease viaenhancing expression of or inhaling CO
within its physiologic concentration. Furthermore, we may
add someHO-1 revulsant or CO rel easant to coronary stentsto
reducetherestenosisrate of stentings.

Because HO-1 induction stimulates cell cycle progression
and proliferation in vascular endothelium,” 16 and because
transduction of the HO-1 gene into microvascular ECs pro-
motes the formation of capillary-like tube structures when
ECsare embedded within amatrigel matrix, 1617 we may use
HO-1totrest patientswith CHD intheir last stagetoimprove
the development of new capillary vesselsin cardiac muscle.

Because creatininekinase, troponin, or high-sensitivity C-
reactive protein was not detected in al the subjects, therela-
tionships between levels of HO-1 and crestinine kinase, tro-
ponin, or high sensitivity C-reactive protein have not been
evaluated. All theseand therdationship of HO-1 and the prog-
nosisof CHD need to be studied further.
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Fic.1 Transthoracic echocardiogram demonstrating a ruptured
right ventricular freewdll (closed arrows).

A 64-year-old man had repair hemorrhage from the ster-
notomy wound late after repair of an acute aortic dissection.
Theright ventriclewasdensely adherent to the chest wall and
diaphragm. The aortic graft was dehisced and surrounded by
infected hematoma, which were removed and anew dacron
graft inserted. Onthethird day the requirement for inotropic

Fic.2 Transthoracic echocardiogram demonstrating aconnection
between the right ventricular cavity and a massive mediastina
hematoma (open arrow).

drugsincreased and there was apulsatile swelling to the I eft
of the sternotomy wound. Thetransthoracic echocardiogram
showed a ruptured right ventricular freewall (Fig. 1) and a
communication to amassive mediagtinal hematoma (Fig. 2).
Thepatient died afew hourslater.



