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Back ground. Apoptosis, or pro grammed cell death, is a phys i o log i cal cell 
death pro cess that al lows a tis sue or or gan to re move un wanted cells and
re spon si ble for the main te nance of sta ble cell num bers in tis sues even in
pri mary atherosclerotic or restenotic le sion of cor o nary ar tery. Pre vi ous
stud ies on the apoptosis of cor o nary ath ero scle ro sis are usu ally prone to
run into qual i ta tive de scrip tion with out the aid of “quan ti ta tive” eval u a -
tion. To elim i nate such sub jec tive er rors, we have de signed a tri ple immu -
nofluorescent stain as sessed by dig i tal cam era and com puter-aided anal y -
sis sys tem so that the ac tual quan ti ta tive apoptotic ex pres sion of cor o nary
atherosclerotic de vel op ment can be more pre cisely eval u ated.
Methods. Spec i mens of cor o nary ar tery were ob tained from con sec u tive
pa tients un der go ing cor o nary endarterectomy or car diac trans plan ta tion.
Twenty-seven blocks of par af fin tis sue spec i mens from 16 pa tients were
an a lyzed. Ac cord ing to the Amer i can Heart As so ci a tion (AHA) clas si fi -
ca tion of atherosclerotic le sion, type I, II, III le sions were de fined as early
le sions and the other three types: IV, V, and VI as ad vanced le sions.
Apoptosis and cell types were rec og nized si mul ta neously by tri ple immu -
nofluorescent stain com bined with Hoechst, Ter mi nal deoxynucleotidyl
transferase-mediated dUTP Nick End- Labeling (TUNEL) and smooth
mus cle cell (SMC) marker stain ing. Apoptotic in dex de duced from
TUNEL-positive nu cleus num ber di vided by Hoechst-positive nu cleus
num ber. Apoptotic cell-type in dex de duced from TUNEL-positive nu clei,
which are sur rounded by cell type flu o res cent marker, di vided by to tal
TUNEL-positive nu clei.
Re sults. Four teen early le sions and 13 ad vanced le sions of tis sue spec i -
mens were an a lyzed in this study. The mean apoptotic in dex of early le -
sions was 2.60 ± 1.72%, which is sig nif i cantly lower than that of the ad -
vanced le sions (7.42 ± 3.07%). The apoptosis be tween the ta per ing por -
tion and le sion por tion ob tained from 10 cor o nary endarterectomy spec i -
mens was also signicantly dif fer ent (2.59 ± 1.90% vs 8.10 ± 3.20%). In ei -
ther early or ad vanced le sions, the pre dom i nant cell type of apoptosis was
SMC.
Con clu sions. The iden ti cal count ing and quan ti fi ca tion an a lytic method we
de signed is more ac cu rate and quan ti ta tive than the tra di tional in ves ti ga -
tion in de tect ing and af firm ing the “ho meo sta sis” role of apo ptosis in the
atherosclerotic pathogenesis pro cess of cor o nary ar tery dis ease.
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Apoptosis of vas cu lar smooth mus cle cells
(SMCs) has been iden ti fied as an im por tant

pro cess in a va ri ety of hu man vas cu lar dis ease in -
clud ing ath ero scle ro sis, ar te rial in jury, restenosis af -
ter angioplasty and di lated cardiomyopathy, and even 
in acute myo car dial in farc tion (AMI) or heart fail ure
sta tus. Isner et al1 and Han et al2 have con firmed that
apoptosis did mod u late the cellularity of le sions that
pro duce hu man vas cu lar ob struc tion, par tic u larly
those with ev i dence of more ex ten sive proliferative
ac tiv ity. The rec og ni tion of apoptosis in nor mal or rap -
idly pro lif er at ing cell pop u la tions sug gested its po ten -
tial role in the main te nance of sta ble cell num bers in
tis sues with var i ous de grees of proliferative ac tiv ity.
To main tain nor mal wall shear stress, the ves sel is re -
mod el ing even from the early stage of fatty streak or
ath ero scle ro sis-prone le sion to ad vanced atheroma.
Dur ing this pro cess, the bal ance be tween cell rep li ca -
tion and apoptosis should at tain a “ho meo sta sis” sta -
tus.

The sig nif i cance of apoptosis has mostly been
stud ied by us ing the Ter mi nal deoxynucleotidyl
transferase-mediated dUTP Nick End-Labeling
(TUNEL) as say that de tects DNA strand breaks in tis -
sue sec tions and al lows quan ti fi ca tion of apoptotic
cells by light mi cros copy. How ever, there are re grets
with tra di tional pho to graphic count ing and quan ti fi ca -
tion of apoptotic in dex. Due to the lim i ta tions of per -
sonal and tech ni cal fac tors, the apo ptotic ex pres sion
an nounced in a more “qual i ta tive” than “quan ti ta tive”
way. The re ported per cent age of TUNEL-positive nu -
clei of hu man cor o nary ath ero scle ro sis in var ies a lot,
rang ing from < 2%1,3,4 up to 30%,2,5,6 it seems to be
that the TUNEL assay is prone to false pos i tive or
neg a tive find ings.

To elim i nate the quan ti ta tive vari a tion and to ob -
tain re li able and re pro duc ible re sults in quan ti fi ca tion
of apoptosis, the spec i fic ity of apoptosis can be sub -
stan ti ated by com bin ing the mod i fied tri ple immu -
nofluorescent stain ing with dig i tal cam era and com -
puter-aided anal y sis sys tem. There fore, the apoptotic
ex pres sion of cor o nary ath ero scle ro sis can be de -
scribed in a more sci en tific and ob jec tive way.

The pres ent study was elab o rated to in ves ti gate
whether the vari ances of apoptotic nu clear in dex were

sig nif i cantly as so ci ated with dif fer ent stages of hu -
man cor o nary ath ero scle ro sis, fur ther ance, the more
ad vanced ath ero scle ro sis area needed more “apoptotic 
pro cess” to main tain the cellularity bal ance.

Methods

Spec i mens of cor o nary ar tery were ob tained from
16 con sec u tive pa tients (5 fe males, 11 males, mean
age 57.4 years, in a range from 6 to 75 years un der go -
ing cor o nary endarterectomy (n = 10) or car diac trans -
plan ta tion (2 do nors and 4 re cip i ents). Twenty-seven
blocks of par af fin-embedded tis sue sec tion were an a -
lyzed.

Tis sue prep a ra tion and histological anal y sis

Spec i mens of cor o nary ar tery were dis sected
gently to free ad her ing tis sues, rinsed with ice-cold
phos phate buffer sa line (PBS), im me di ately fixed in
4% buf fered paraformaldehyde over night at 4 °C, and
sub se quently de hy drated in se quen tial 50%, 70%,
80%, 90% and ab so lute al co hol washes. Af ter em bed -
ding in par af fin, the sam ples were cut into 3-5 um se -
rial sec tions, and fixed on aminoalkylsilane (AAS)-
 coated slide.7

The mi cro scopic eval u a tion was per formed by
two ob serv ers who were blind to the clin i cal data.
Spec i mens were eval u ated for the pres ence of intimal
hy per pla sia, fi brous plaque, throm bus, plaque hem -
orrhage, foam cells, cal cium, SMC, me dia, and ad -
ventitia. Intimal hy per pla sia was de fined as the pres -
ence of abun dant SMCs in a proteoglycan ma trix.

Hematoxylin and eosin stain ing for
clas si fi ca tion of cor o nary ath ero scle ro sis

Fol low ing stain ing with hematoxylin and eosin
re agent, histological sec tions were ob served and pho -
to graphed un der the light mi cro scope. There upon
stag ing of hu man atherosclerotic le sions was based on 
their histological com po si tion and struc ture and per -
ceived as char ac ter is tic gra da tions or stages from ini -
tial min i mal changes to le sions as so ci ated with clin i -
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cal man i fes ta tion. Ac cord ing to the clas si fi ca tion of
Amer i can Heart As so ci a tion (AHA), the atherosclerotic
le sions are cat e go rized into 6 dif fer ent types.8 Type I,
II, III le sions are de fined as early le sions and the other
three types, IV, V, and VI, are de fined as ad vanced le -
sions.

DNA gel eletrophoresis

Tis sue spec i mens were ho mog e nized in liq uid ni -
tro gen and lysed in genomic DNA iso la tion re agent
(GibcoBRL, Life Tech nol ogies, Greenisland New
York. U.S.A). Then to tal DNA was pre cip i tated by
absolute eth a nol. Af ter centrifugation, the DNA pel -
lets were dis solved in 8 mM NaOH so lu tion and
electrophoresed in 2% agarose preimpregnated with
ethidium bro mide. Gel was vi su al ized and pho to -
graphed un der trans mit ted ul tra vi o let (UV) light with
a Po lar oid cam era.

Trans mis sion elec tron mi cros copy

Ex am i na tion of trans mis sion elec tron mi cro -
graphs con firmed and ex tended the ob ser va tion made
by light mi cros copy. Fol low ing fix a tion, each spec i -

men was washed thor oughly in 0.1 M phos phate
buffer and post fixed in 0.1% buf fered OsO4 for 2
hours at 4 °C. The sam ples were de hy drated through a
graded eth a nol se ries fol lowed by pro pyl ene ox ide.
Each sam ple was em bed ded in Epon 812. Ultrathin
sec tions were placed on formvar grids, stained with
ura nyl ac e tate and lead ci trate and viewed with JEOL
JEM-2000EXII trans mis sion elec tron mi cro scope.

Tri ple immunofluorescence stains for
Hoechst/TUNEL/α-SMC-actin cell marker
an ti body

This “tri color” immunofluorescent stain ing method
com bined with a si mul ta neous anal y sis sys tem re -
veals de tailed in for ma tion on a sin gle tis sue slide
level.

Tri ple immunofluorescent stain ing pro to col (Fig. 1)

Pro ce dure 1 
Deparaffinize and rehydrate the tis sue slides with

stan dard pro ce dure: 
Xylene three times for 5 min utes, se quen tial ab so -

lute al co hol, 95%, 85%, and 75% eth a nol each for 3
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Fig. 1. Tri ple immunofluorescent stain ing for Hoe chst/TUNEL/α-SMC-actin cell marker an ti body (A) Hoechst stain ing
un der the UV light ex po sure. (B) TUNEL tech nique con ju gated with FITC chrom ogen. (C) Staining with
α-SMC-actin cell marker an ti body. (D) TUNEL + SMC cell type marker. (E) TUNEL + SMC + Hoechst: the fi nal
merged “tri color” im age.



min utes, and fi nally wash in wa ter for 3 min utes.
Pro ce dure 2 

Pre treat ment with mi cro wave:
Place slides in a plas tic jar con tain ing 200 ml

0.01 M ci trate buffer, pH 6.0 and ap ply 800W
microwave ir ra di a tion for two min utes. Af ter heat ing 
up to around 86 °C, cool rap idly by add ing 80 ml dis -
tilled wa ter. Im me di ately trans fer the slides and
immerse into PBS so lu tion at room tem per a ture
(RT). Be care ful that proteinase K treat ment is con -
tra in di cated in this pe riod. The whole pro ce dure has
been rec om mended for mi cro wave en hance ment of
TUNEL la bel ing method by Lucassen et al. 9 and
Strater et al.10

Pro ce dure 3 
La beling:
The non spe cific ma te rial is blocked with an ti -

body dil u ent (Dako Dako. Corp., Carpinteria. CA) at
37 °C for 15 min utes. Soon af ter ward, rinse sam ple
twice in PBS, add TUNEL re ac tion mix ture
(B.M.Cat. Cal i for nia. U.S.A. No 1684795 bot tle one: 
bot tle two = 1:9) and in cu bate at 37 °C for 1 hour.
Again wash twice in PBS buffer, drib ble monoclonal
Mouse anti-human-α-SMC-Actin an ti body (Zymed
Cat. Sigma. Chem i cal CO. st. Louis. MO. No
08-0106) and in cu bate at 37 °C for 1 hour. Once
more do two washes in PBS for 5 min utes, and cover
the sec tions with sec ond ary an ti body so lu tion: Goat
anti- mouse Ig G Perkin-ELMER Life Sci ence Inc
Mas sa chu setts. U.S.A. (Jack son ImmunoResearch
Lab o ra tories Cat. No 115-026-062) 1:50, RT, for 1
hour. Then, wash in PBS buffer for 5 min utes twice
again, stain with Hoechst 33342 Ger many. Frank furt
(Sigmal B-2261, 5 ug per mililiter di luted in PBS) for 
15 min utes at room tem per a ture. Finally, wash off in
PBS for 5 min utes two times and mount the slide
over the stage of flu o resces mi cro scope for fur ther
eval u a tion.

HOECHST 33342 (nu clear DNA la bel ing):
A bisbenzimidazole dye binds to ad e nine/thy mine 

rich re gions in the mi nor groove of DNA and dis plays
the nu cleus as white speck un der the ex po sure of flu o -
res cent UV light.

TUNEL (ter mi nal deoxynucleotidyl transfer ase- me -
diated dUTP nick end-labeling):

Apoptosis, a ge net i cally en coded cell death pro -
gram, was rec og nized nearly 30 years ago by Kerr11 as 
a dis tinc tive mor phol ogy that he called “shrink age ne -
cro sis.” Apoptosis is best char ac ter ized bio chem i cally
by the cleav age of genomic DNA into nucleosomal
frag ments of 180 base pairs (bp) or mul ti ples that are
readily de tected as a DNA lad der by gel elec tro pho re sis 
of lysate from cells grown in cul ture.12 This ap proach is 
less ap pli ca ble for ex am i na tion of whole tis sue spec i -
mens. Iden ti fi ca tion of apoptosis in tis sue sec tions has
been greatly fa cil i tated by spe cific immunolabeling of
nu clear DNA frag men ta tion with ter mi nal deoxy -
nucleotidyl transferase (TdT).13 This method, TUNEL,
has been widely used in the de tec tion of apoptosis in
ath ero scle ro sis2,14 and can be de tected as flu o res cent
green dot if we use con ju gated FITC as sec ond ary an ti -
body.

Anti-α-SMC-actin (Zemed Lab o ra tories Inc. Sigma.
Chem i cal CO. st. Louis. MO: Clone: IA4):

The mouse-anti-human an ti body re acts with the al -
pha isoform of SMC actin and does not cross-react with 
skel e tal, car diac mus cle actin, or other mesenchymal
and ep i the lial cells. It does not re act with other com -
po nents of the cy toskeleton, ei ther. In our study, we
used Rhodamine- conjugated sec ond ary an ti body:
(TRITC) con ju gated AltiniPure F (ab) 2 Frag ment
Goat Anti-Mouse. IgG (H+L) (min i mal cross-reaction 
to hu man, bo vine and Horse Se rum Pro teins) to re act
with anti-α-SMC actin pri mary an ti body, which will
dis play as flu o res cent red halo grain. One stenotic cor -
o nary seg ment was used as the in ter nal pos i tive con -
trol to show con sis tent pos i tive stain ing for all sec -
tions. As a neg a tive con trol, the stain ing pro ce dure
was per formed with out ad di tion of the pri mary an ti -
body. A spare nor mal cor o nary seg ment was also used 
as a neg a tive con trol, show ing no pro lif er a tion or
apoptosis through out the dif fer ent stain ing sec tions.

Pro ce dure 4 
Rec og ni tion of apoptotic nu clei:
Apoptosis was rec og nized by intravital stain ing

with Hoechst 33342 (Ho342) and by TUNEL. To con -
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firm apoptotic mode of cell death, the mor phol ogy of
re spec tive cell was ex am ined and dou ble-checked
care fully by flu o res cent mi cros copy at x200 and x400
mag ni fi ca tion. TUNEL tech nique com bined with
Hoechst stain for de tec tion of apoptosis in tis sue sec -
tion, TUNEL and Hoechst 33342, have been used in -
de pend ently to iden tify apoptosis. Both have their
own ad van tage and de fault. TUNEL spe cif i cally la -
bels dy ing cells, yet a low back ground makes com par -
i son be tween la beled- nucleus and neigh bor ing nor mal 
cells dif fi cult and causes dis ori ented tis sue sec tions.
Hoechst 33342 binds all DNA, and can, there fore
stain all nu clear ma te ri als to iden tify apoptotic nu clei,
but the anal y sis is la bo ri ous. The com bi na tion of both
flu o res cent la bels al lows the ini tial rec og ni tion of
apoptotic cells by TUNEL tech nique to dis play the se -
lec tive apoptotic nu clei. Soon af ter ward by switch ing
to the UV fil ter, the TUNEL-positive nu clei can be
con fig ured dis tinctly with neighboringnormal nu clei
to ac cess the mor phol ogy and size change. Hence
Hoe chst 33342 acts like a counterstain,al low ing iden -
ti fi ca tion of nu clear an a tom i cal struc tures, and quan ti -
ta tive com par i son be tween TUNEL-positive and nor -
mal cells. This tech nique en ables eas ier and more ob -
jec tive cal cu la tion.

Pro ce dure 5
Iden ti fi ca tion of the type of apo ptotic cells:
Com puter-saved im ages from stain ing with spe -

cific monoclonal an ti bod ies against α-SMC actin, or
CD 68 (macrophage marker) and TUNEL were merged 
as one scene. The TUNEL-labeled nu clei and nu clear
frag ments that were en closed by a cage of cell marker
ma te rial (Rodamin, red color) in di cate smooth mus cle 
apoptosis. Both macrophages and SMCs were found
to bear the mark ers of apoptosis.

Pro ce dure 6
Counting area and quan ti fi ca tion:
Tis sue sec tions with tri ple flu o res cent stain are in -

ves ti gated by flu o res cent mi cros copy at x200 mag ni -
fi ca tion with a stan dard field size. The ar te rial in tima
wall is di vided into 5 sec tors of equal size, and cen ter
fields are cap tured ran domly in each sec tor. The im -
age is first pho to syn the sized withdigital cam era, then

re corded, an a lyzed and ad justed by the as sist of a
color-image com puter sys tem (freemax im age color).
No pic ture will be saved un til the same im age con di -
tion of the originalmicroscopic view is at tained. Four
pic tures are stored in MO disk for each count ing area.
The first one is taken via UV light fil ter---that is for
Hoechst stain, the sec ond one via FITC fil ter---for
TUNEL stain, the third one via Rhodamin fil ter---for
anti-α-SMC-actin stain. Finally these three pic tures
are min gled into a tri ple color film. The whole pro ce -
dure is dem on strated in Fig. 1.

The apoptotic in dex and apoptotic cell-type in dex
are cal cu lated in the fol low ing rules:

Apoptotic in dex 
Apoptotic nu clear num ber (TUNEL)/to tal DNA

nu cleus num ber (Hoechst).

Apoptotic cell-type in dex
Apoptotic-positive nu clear in α-SMC-actin an ti -

body la beled area/apo ptotic nu clear num ber (TUNEL).
Sta tis tically, we use the av er age of these orig i nal

in dexes for fur ther cal cu la tion. The apoptotic in dex of 
this tis sue sec tion is de duced from mean of these 5
equal sec tors.

Mea suring and count ing com puter tech nol ogy is
ap plied to fa cil i tate count ing and cal cu la tion with out
al ter ing the orig i nal im age pre sen ta tion. The op er at -
ing pro ce dure and some func tional icons are in tro -
duced briefly in the fol low ing:

Nu clear count ing 
Since the mono chrome im age is more pre cise for

count ing, we usu ally use the Con vert to Gray Scale in
the Spa tial Cal i bra tion com mand win dow to trans -
form our color im age into a mono chrome one. Then
the Con trast En hance ment window is used to ad just to 
the vi sual qual i ties of our im age. Be cause the count -
ing area is only fo cused in the in tima layer, we should
de lin eate the mea sured area first. The func tion of
Free form AOI (area of in ter est) Toll will help us to
sep a rate the in tima from the me dia area and con fine
the count ing area in the sketched po lyg o nal ter ri tory.
Then we use Count/Size to count TUNEL-positive
nu cleus and/or Hoechst-positive nu cleus in the se -
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lected size range.

The im age merg ing 
To iden tify the apoptosis nu cleus or the cell types,

we use the Im age Op er a tion-AND to per form a log i cal 
“and” be tween our im ages, and used the Im age over -
lay-Merge to con glom er ate two im ages.

Sta tis ti cal anal y sis 
Data are ex pressed as mean ± SEM. Univariate

anal y sis of mean data be tween early le sion and ad -
vanced le sion groups was per formed by the Mann-
 Whitney test. Univariate anal y sis be tween ta per ing
por tion and le sion por tion of spec i mens of cor o nary
endarterectomy was per formed by Wilcoxon signed
ranks test. Dif fer ences be tween groups were con -
didered sig nif i cant at a prob a bil ity value of less than
0.05 (two-sided).

Re sults

Four teen early and thir teen ad vanced le sions of
cor o nary ath ero scle ro sis were ex am ined. The early le -
sions were al most lo cated at the mild fatty streak or
ath ero scle ro sis-prone le sions. The ad vanced le sions
in cluded cal ci fi ca tion and throm bo sis with mod er ate
to se vere ste no sis. Apoptotic cells were found in all
stages of ath ero scle ro sis, in clud ing ini tial le sions,
atheroma and fibrotic le sions.

Ev i dence of apoptosis by gel electrophoresis

Af ter ex per i men tal pe ri ods, the tis sues from early
le sion and late le sion groups were col lected, cel lu lar
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Fig. 3. Trans mis sion elec tron mi cro graphs of (A) non- apoptotic in early le sion ath ero scle ro sis, (B) apo ptotic in late le sion
ath ero scle ro sis.

Fig. 2. Agarose gel eletrophoresis anal y ses by DNA lad der 
for ma tion. Lane 1: DNA marker; Lane 2: the early
le sion in a pa tient with low cho les terol level; Lane
3: the early le sion in a pa tient with high cho les terol
level; and Lane 4: late le sion of ath ero scle ro sis.



DNA was ex tracted and agarose gel eletrophoresed
was per formed to an a lyze DNA frag men ta tion. The
re sults are dem on strated in Fig. 2. In the early le sion
group, there was no ev i dence of DNA frag men ta tion.
On the other hand, apoptosis was iden ti fied in the late
le sion group by DNA lad der for ma tion.

Ev i dence of apoptosis by trans mis sion
elec tron mi cros copy

Un der trans mis sion elec tron mi cros copy ex am i -
na tion, cells in the in tima of the early atherosclerotic
spec i men did not show the char ac ter is tics of apoptotic 
cells. (Fig. 3A). In the late atherosclerotic spec i mens,
many intimal cells were apoptotic, ex hib it ing con den -
sa tion of chromatin, which are ultrastructural char ac -
ter is tics of apoptosis. (Fig. 3B)

Apoptosis de tected by tri ple immunofluorescence
stains for Hoechst/TUNEL/α-SMC-actin cell 
marker an ti body

The ma jor ity of apoptotic cells were pres ent in the 
in tima. How ever, apoptotic cells var ied in num ber and 
distribution pat tern with dif fer ent types of tis sue speci -
mens. In the early le sions of cor o nary ath ero scle ro sis,
few apoptotic cells were found in the in tima. The
mean apoptotic in dex was 2.60 ± 1.72%, sig nif i cantly
lower than in the ad vanced le sions (7.42 ± 3.07%, p <
0.01). The dif fer ence of apoptosis be tween the ta per -
ing por tion and le sion por tion ob tained from cor o nary
endarterectomy spec i men was sig nif i cant (2.59 ±
1.90% vs 8.10 ± 3.20%, p < 0.01). SMC is the pre -
dom i nant cell type of apoptosis in ei ther early or ad -
vanced le sion.

Dis cus sion

Apoptosis is a phys i o log i cal cell death pro cess
that is im por tant for nor mal de vel op ment and in volves 
in many patho log i cal con di tions. Atherosclerotic
disease is a pro gres sive and sys temic dis ease, in
which patho log i cal ac cu mu la tion of cells in the in tima 
may re sult in mi gra tion and pro lif er a tion of smooth

mus cle cells, macrophages and lym pho cytes. The
apoptosis in the cor o nary ar tery has proved to be lo -
cated mainly in the in tima layer.1,2,3,5 Since dif fer ent
stage of cor o nary ath ero scle ro sis can be har vested
from con sec u tive pa tients un der go ing cor o nary en -
darterectomy or car diac trans plan ta tion, our hu man
spec i mens are the most suit able ma te rial for apoptosis
re search. Be sides, cor o nary endarterectomy is a stan -
dard and rou tine pro ce dure for dif fuse atherosclerotic
le sion which is not suit able for cor o nary ar tery by pass
graft ing. The whole hy per plas ic or cal ci fied in tima
and part of the thin layer of subintima tis sue with
atheroma plaque should be re moved.

The req ui si tion of “ad e quate” endarterectomy is
crit i cal for suc cess ful lu men re con struc tion and the
“endarterectomy” pro ce dure could not be re garded as
be ing “com pleted” un til the dis tal ta per ing por tion of
endarterectomied atherosclerotic ar tery is re trieved
and dis tal health ier in tima is ex ploded with no more
in tima flap left. Com paring these two endarterectomied
seg ments, we ob served a sig nif i cant dif fer ence of
apoptosis ex hi bi tion be tween groups of ta per ing and
se vere le sion por tions. Patho logically, this phe nom e -
non could be an other cri te ria of the “com plete ness” of
endarterectomy pro ce dure. Higher apoptotic in dex is
still pres ent in ad vanced le sion of trans plant source, as 
con firmed by the ear lier stud ies of Han et al and Cai et 
al.2,15 How ever, prior stud ies have sev eral mis takes.
Some ma te rial is from the atherectomy spec i men and
is over sim pli fied in the “snap shot” of hu man ather -
ectomy tis sue sam pling. Be ing a tu bu lar struc ture
with ec cen tri cally lo cated atheroma plaque, the re -
mod el ing pro cess of cor o nary to pog ra phy al ters the
lo cal hemodynamic pat tern, which in turn in flu ences
the apoptotic man i fes ta tion in dif fer ent re gions.
There fore, the atherectomy spec i mens can’t dis play
the real apoptotic man i fes ta tion of the whole cor o nary 
atherosclerotic ar tery.

In this study, the apoptotic in dex of the tis sue sec -
tion was de duced from the mean value of five equal
sec tors. Sta tis tically, the in fer en tial in dex was closer
to the real cor o nary apoptotic sta tus. In ad di tion, the
tra di tional count ing and cal cu la tion of apoptotic in dex 
is more “qual i ta tive” than “quan ti ta tive” as men tioned 
above. Un for tu nately, the stud ies of the acute re -
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sponse to ar te rial in jury are not pos si ble in hu mans
and long-term se rial change is dif fi cult to fol low up.
This tri ple stain can help us iden tify pos i tive nu cleus
and cal cu late the in dex of apoptosis cells and the
apoptotic cell types in a sin gle slide sec tion to achieve
higher ac cu racy than the se rial tis sue sec tion. Con -
joined with three dif fer ent flu o res cent col ors, we can
de sign lots of de tec tion se quences e.g. apoptotic nu -
cleus (TUNEL-FITC fil ter---green), to tal nuclei
(Hoechst-UV fil ter---blue), SMCs or macrophage cell
type marker (SMC-α-actin an ti body-Rhadomin fil -
ter---red). As we know, the im ages are usu ally dif fer ent 
from the scene un der the mi cro scope es pe cially with
traditional photo tech nique. With the aid of dig i tal came -
ra and com puter pro gram sys tem, im ages can be stored
and re checked im me di ately. If the im ages are not taken
well enough, re peated ad just ments are pos si ble.

In con clu sions, with the aid of im proved count ing
and quan ti fi ca tion method as we de signed, the vari a -
tion of tra di tional in ves ti ga tion can be di min ished,
there fore, the quan ti ta tive apoptotic pro cess can be
rep re sented more pre cisely.
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