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Background. Apoptosis, or programmed cell death, isaphysi ologi cal cell
death pro cessthat al lowsatissue or or ganto remove unwanted cellsand
responsi blefor themaintenanceof stablecell numbersintissuesevenin
primary atherosclerotic or restenotic lesion of coronaryartery.Previous
studiesontheapoptosisof cor onary atherosclerosis areusu aly proneto
runintoqual i tativedescriptionwithouttheaid of “ quanti tative” eval ua
tion. Toelimi natesuchsubjectiveer rors, wehavedesigned atri pleimmu
nofluorescent stain assessed by digi tal cameraand com puter-aided anal -
sissystemsothat theactual quanti tativeapoptoticex pressionof coronary
atheroscleroticdevel opment canbemoreprecisely eval uated.

Methods. Speci mensof cor onary ar tery wereobtained fromconsecutive
patients under goingcor onary endarterectomy or car diactransplantation.
Twenty-seven blocksof par af fintissuespeci mensfrom 16 patientswere
analyzed. Accordingtothe Ameri canHeart Associ ation(AHA) classi fi-
cationof atheroscleroticlesion, typel, I, I11 lesionsweredefined asearly
lesions and the other three types: 1V, V, and VI as advanced lesions.
Apoptosisand cell typeswererec og nized s mul taneously by tri pleimmu
nofluorescent stain combined with Hoechst, Termina deoxynucleotidyl
transferase-mediated dUTP Nick End-Labeling (TUNEL) and smooth
muscle cell (SMC) marker staining. Apoptotic index deduced from
TUNEL-positive nucleus number divided by Hoechst-positive nucleus
number. Apoptotic cell-typein dex deduced from TUNEL -positivenuclei,
which are surrounded by cell type fluorescent marker, divided by total
TUNEL-positivenuclei.

Results. Fourteen early lesionsand 13 ad vanced le sions of tis sue speci-
menswere an alyzed in this study. The mean apoptotic in dex of early le-
sionswas 2.60 £ 1.72%, whichissig nif i cantly lower than that of the ad-
vanced lesions (7.42 * 3.07%). The apoptosis be tween the ta per ing por-
tionandlesion por tion ob tained from 10 cor o nary endarterectomy speci-
menswasalso signicantly dif fer ent (2.59+ 1.90% vs 8.10+ 3.20%). In ei-
ther early or ad vanced lesions, thepredomi nant cell type of apoptosiswas
SMC.

Conclusions. Theidenti cal countingandquanti fi cationanalyticmethodwe
designedismoreac curateand quanti tativethanthetradi tional investi ga
tionindetectingandaf firmingthe“homeostasis’ roleof apo ptosisinthe
atherosclerotic pathogenesispro cessof cor onary ar tery disease.
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poptosis of vascular smooth muscle cells

(SMCs) has been identified as an important
processinavari ety of humanvascular diseasein
cludingatherosclerosis, arteria injury, restenosi saf-
ter angioplasty and di |ated cardiomyopathy, and even
inacutemyocar dial infarction (AMI) or heartfail ure
status. Isneret al* and Han et al” havecon firmed that
apoptosisdid mod u latethe cellularity of lesionsthat
produce human vascular obstruction, particularly
thosewith evi denceof moreex tensiveproliferative
activity. Therecogni tionof apoptosisinnor mal or rap
idly prolif eratingcell populationssuggesteditspoten
tial roleinthemain te nance of stable cell numbersin
tissueswithvar i ousdegreesof proliferativeactivity.
Tomaintain nor mal wall shear stress, thevessd isre
mod €l ing even from the early stage of fatty streak or
atherosclerosis-pronelesiontoadvanced atheroma.
Duringthisprocess, theba ancebetweencell repli ca
tionand apoptosisshould at taina“ho meo stasis’ star
tus.

The significance of apoptosis has mostly been
studied by using the Terminal deoxynucleotidyl
transferase-mediated dUTP Nick End-Labeling
(TUNEL) assay that detectsDNA strand breaksintis
sue sections and allows quantification of apoptotic
cellsby light mi croscopy. How ever, therearere grets
withtradi tional photographiccountingandquanti fi ca
tion of apoptoticindex. Duetothelimi tationsof per-
sonal andtechni cal factors, theapo ptoticex pression
announcedinamore®qud i tative’ than* quanti tative”
way. Thereported per cent ageof TUNEL -positivenu
clel of humancor onary atherosclerosisinvariesalot,
rang ing from < 2%"3* up to 30%,>°° it seemsto be
that the TUNEL assay is prone to false positiveor
negativefindings.

Toelimi natethequanti tativevari ationandtoob
tainreli ableandreproducibleresultsinquanti fi cation
of apoptosis, the speci fic ity of apoptosis can be sub-
stantiated by combiningthemodi fiedtri pleimmu
nofluorescent stainingwith digi tal cam eraand com-
puter-aided ana y sissystem. Therefore, the apoptotic
expression of coronary atherosclerosis can be de-
scribedinamoresci entificand objectiveway.

Thepresent study waselab oratedtoinvesti gate
whether thevari ancesof apoptotic nu clearindex were

significantly asso ci ated with dif fer ent stagesof hu-
mancor onary atherosclerosis, further ance, themore
advancedatherosclerosi sareaneeded more* apoptotic
process’ tomaintainthecellularity bal ance.

M ethods

Speci mensof cor onary artery wereobtainedfrom
16 consec utive patients(5females, 11 males, mean
age57.4years, inarangefrom 6 to 75 yearsun der go-
ing cor o nary endarterectomy (n=10) or car diactrans
plantation(2donorsand4recipi ents). Twenty-seven
blocksof par af fin-embeddedtissuesectionwereana
lyzed.

Tissue preparation and histological analysis

Specimens of coronary artery were dissected
gently to free ad her ing tis sues, rinsed with ice-cold
phosphatebuffer saline(PBS), immedi ately fixedin
4% buf fered paraformaldehyde over night at 4 °C, and
subsequently dehydrated in sequential 50%, 70%,
80%, 90% andab soluteal cohol washes. Af terembed-
dingin par & fin, the sam pleswere cut into 3-5um se-
rial sec tions, and fixed on aminoakylsilane (AAS)-
coateddlide.’

The microscopic evaluation was performed by
two observers who were blind to the clinica data
Speci menswereeval uatedfor thepresenceof intimal
hy per plasia, fi brousplaque, throm bus, plague hem-
orrhage, foam cells, cal cium, SMC, media, and ad-
ventitia. Intimal hy per plasiawasdefined asthe pres
ence of abun dant SMCsin aproteoglycan matrix.

Hematoxylin and eosin staining for
classification of coronary atherosclerosis

Fol low ing staining with hematoxylin and eosin
reagent, histological sectionswere ob served and pho-
tographed under the light microscope. Thereupon
staging of human atheroscleroticlesionswasbased on
thelir histological com po si tion and struc ture and per-
celved aschar acter isticgradationsor stagesfromini-
tial mini mal changestolesionsasso ci atedwithclini-
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cal mani festation. Accordingtotheclassi fi cationof
AmericanHeart Associ ation(AHA), theatheroscleratic
lesionsarecat egorizedinto6.dif fer enttypes® Typel,
I1,11l lesionsaredefined asearly lesionsand theother
threetypes, IV, V, and VI, aredefined asad vanced le
sions.

DNA gel eletrophoresis

Tissuespeci menswerehomogenizedinliquidni
trogenand lysedingenomic DNA isolationreagent
(GibcoBRL, Life Technologies, Greenidand New
York. U.S.A). Then total DNA was precipitated by
absoluteeth anol. Af ter centrifugation, the DNA pel-
lets were dissolved in 8 mM NaOH solution and
electrophoresed in 2% agarose preimpregnated with
ethidium bromide. Gel was visualized and photc
graphedundertransmittedul travi olet (UV) light with
aPolaroidcamera.

Transmission electron microscopy
Examination of transmission electron micro

graphsconfirmed and ex tended theob ser vation made
by light mi croscopy. Fol low ingfix ation, each speci-

A. Hoechst

D. TUNEL + SMC

B. TUNEL

men was washed thoroughly in 0.1 M phosphate
buffer and postfixed in 0.1% buffered OsO, for 2
hoursat 4 °C. Thesam plesweredehy drated througha
graded ethanol seriesfol lowed by propyl eneoxide.
Each sam plewasem bed ded in Epon 812. Ultrathin
sec tions were placed on formvar grids, stained with
uranyl ac etateand lead ci trate and viewed with JEOL
JEM-2000EX 1 transmissionelectronmi croscope.

Triple immunofluorescence stains for

Hoechst/TUNEL /a-SM C-actin cell marker
antibody

This“tri color” immunofluorescent staining method
combinedwithasi mul taneousanal y sissystemre
veals detailed information on a single tissue slide
level.

Triple immunofluorescent staining protocol (Fig. 1)

Procedurel

Deparaffinize and rehydrate the tis sue dides with
standardprocedure:

Xylenethreetimesfor Sminutes, sequentia abso-
lutea co hol, 95%, 85%, and 75% eth anol eachfor 3

C. 2-SMC-actin

E. TUNEL +SMC+ Hoechst

Fig. 1. Tri pleimmunofluorescent staining for Hoe chst/ TUNEL /a-SM C-actin cell marker anti body (A) Hoechst staining
under the UV light exposure. (B) TUNEL technique conjugated with FITC chromogen. (C) Staining with
a-SMC-actin cell marker anti body. (D) TUNEL + SMC cell type marker. (E) TUNEL + SMC + Hoechst: thefi nal

merged“tri color” image.
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minutes, andfi nally washinwater for 3minutes.
Procedure2

Pretreatmentwithmi crowave:

Place slides in a plastic jar containing 200 ml
0.01 M citrate buffer, pH 6.0 and apply 800W
microwaveirradi ationfortwominutes. Af ter heating
uptoaround 86 °C, cool rapidly by adding80 ml dis
tilled water. Immediately transfer the slides and
immerse into PBS solution at room temperature
(RT). Becareful that proteinase K treat ment is con-
traindi catedinthisperiod. Thewholeprocedurehas
beenrecommended for mi crowaveen hancement of
TUNEL labeling method by Lucassen et al. ° and
Strater et al.*®

Procedure3

Labeling:

Thenon specificmaterial isblocked with anti
body dil uent (Dako Dako. Corp., Carpinteria. CA) at
37 °Cfor 15 minutes. Soon af ter ward, rinse sam ple
twice in PBS, add TUNEL reaction mixture
(B.M.Cat.Cdlifornia. U.S.A.N0 1684795 bot tleone:
bot tletwo=1:9) andin cu bateat 37 °C for 1 hour.
Againwashtwicein PBSbuffer, drib ble monoclonal
Mouse anti-human-a-SMC-Actinanti body (Zymed
Cat. Sigma. Chemical CO. st. Louis. MO. No
08-0106) and incubate at 37 °C for 1 hour. Once
more do two washesin PBSfor 5 min utes, and cover
thesectionswith secondary anti body solution: Goat
anti- mouse Ig G Perkin-ELMER Life Sci ence Inc
Massachusetts. U.S.A. (Jack sonlmmunoResearch
LaboratoriesCat. 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 utesat roomtem per ature. Finally, wash off in
PBS for 5 minutes two times and mount the slide
over thestageof flu o rescesmi cro scopefor fur ther
evaluation.

HOECHST 33342 (nuclear DNA labeling):

A bisbenzimidazol edyebindsto ad enine/thy mine
richregionsinthemi nor grooveof DNA and displays
thenu cleusaswhitespeck under theex posureof fluo
rescent UV light.

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

Apoptosis, a geneti cally en coded cell death pro-
gram, wasrec og nized nearly 30 yearsago by Kerr™ as
adistinctivemor phol ogy that hecalled“ shrink agene-
cross.” Apoptosisisbest char acterizedbiochemi cally
by the cleav age of genomic DNA into nucleosomal
frag ments of 180 base pairs (bp) or mul ti plesthat are
readily detectedasaDNA lad der by gel electrophoresis
of lysatefrom cellsgrownin cul ture.? Thisap proachis
lessappli cablefor exami nation of wholetissuespeck
mens. Identi fi cation of gpoptosisintissuesectionshas
beengreatly facil i tated by specificimmunolabeling of
nuclear DNA fragmentation with terminal deoxy -
nucleotidyl transferase (TdT).® This method, TUNEL,
has been widely used in the de tec tion of apoptosisin
atherosclerosis*1* and can be detected asflu o rescent
greendot if weuseconjugated FITC assecondary anti-

body.

Anti-a-SM C-actin (Zemed Lab oratoriesInc. Sigma.
Chemi cal CO. <. Louis. MO: Clone: 1A4):
Themouse-anti-human anti body reactswiththea-
phaisoform of SMC actin and doesnot cross-react with
skel etal, car diac muscleactin, or other mesenchymal
andepi thelid cells. It does not re act with other com-
po nents of the cy toskeleton, ei ther. In our study, we
used Rhodamine-conjugated secondary antibody:
(TRITC) conju gated AltiniPure F (ab) 2 Frag ment
Goat Anti-Mouse. IgG (H+L) (mini mal cross-reaction
to human, bo vineand Horse Serum Proteins) to react
with anti-a-SMC actin pri mary anti body, which will
display asfluorescent red halo grain. Onestenotic cor-
onary seg ment wasused astheinter na posi tivecon-
trol to show con sistent posi tivestaining for all sec-
tions. Asanegativecontrol, thestaining procedure
was per formed with out ad di tion of the pri mary anti-
body. A sparenor mal cor o nary seg ment wasalso used
as a negative control, showing no proliferation or
apoptosisthrough out thedif fer ent staining sections.

Procedure4
Recogni tionof apoptoticnucle:
Apoptosiswasrec og nized by intravital staining
with Hoechst 33342 (Ho342) and by TUNEL. To con-
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firm apoptotic mode of cell death, the mor phol ogy of
respective cell was examined and double-checked
carefully by fluorescent mi croscopy at x200andx400
magnification. TUNEL technique combined with
Hoechst stain for detec tion of apoptosisintissue sec-
tion, TUNEL and Hoechst 33342, have been used in-
dependently to identify apoptosis. Both have their
ownadvantageanddefault. TUNEL specificalyla
belsdy ing cells, yet alow back ground makescom par-
i sonbetweenlabel ed- nucleusand neighboringnor mal
cellsdif fi cultand causesdisori entedtissuesections.
Hoechst 33342 binds all DNA, and can, therefore
stainall nuclear materi astoidentify apoptoticnucle,
buttheanal y sisislabori ous. Thecombi nationof both
fluorescent labels alows the initia recognition of
apoptotic cellsby TUNEL tech niquetodisplay these
lectiveapoptoticnuclei. Soon af ter ward by switching
to the UV fil ter, the TUNEL -positive nu clei can be
configureddistinctly with neighboringnormal nuclei
to access the morphology and size change. Hence
Hoe chst 33342 actslikeacounterstain,al low ingiden
ti fi cationof nuclear anatomi cal structures,andquantk
tativecompar i sonbetween TUNEL -positiveand hor-
mal cells. Thistech niqueen ableseasier and more ol
jectivecal culation.

Procedureb5

Identi fi cation of thetypeof apoptoticcells:

Com puter-saved im agesfrom stain ing with spe
cificmonoclonal anti bodiesagainsta-SMC actin, or
CD 68 (macrophage marker) and TUNEL were merged
asone scene. The TUNEL-labeled nu clei and nu clear
frag mentsthat were en closed by acage of cell marker
materia (Rodamin, red color) indi catesmoothmuscle
apoptosis. Both macrophages and SMCs were found
to bear the mark ersof apoptosis.

Procedure6

Countingareaand quanti fi cation:

Tissuesectionswithtri plefluorescentstainarein
vestigated by fluorescent mi croscopy at x200 mag ni-
fi cationwithastandardfieldsize. Thear teria intima
wall isdi vided into 5 sec tors of equal size, and center
fieldsare cap tured ran domly in each sector. Theim+
ageisfirst photosynthesized withdigital camera, then

recorded, analyzed and adjusted by the assist of a
color-image com puter system (freemax imagecolor).
No picturewill be saved until the sameim age con di-
tion of the originalmicroscopic view is at tained. Four
picturesarestored in MO disk for each count ing area.
Thefirst oneistaken viaUV light fil ter---that isfor
Hoechst stain, the sec ond oneviaFITCfil ter---for
TUNEL stain, the third one via Rhodamin fil ter---for
anti-a-SMC-actin stain. Finally these three pic tures
aremingledinto atri ple color film. Thewhole pro ce-
dureisdemonstratedinFig. 1.

Theapoptoticin dex and apoptotic cell-typein dex
arecal culatedinthefol lowingrules:

Apoptoticindex
Apoptotic nu clear number (TUNEL)/total DNA
nucleusnumber (Hoechst).

Apoptaticcell-typein dex

Apoptotic-positive nu clear ina-SMC-actin an ti-
body labeledarea/apoptoticnuclear number (TUNEL).

Statistically, weusetheav er ageof theseorigina
indexesfor further cal culation. Theapoptoticindex of
thistissue sectionisde duced from mean of these 5
equal sectors.

M easuring and count ing com puter technol ogy is
appliedtofacil i tatecountingandcal culationwithout
alteringtheorigi nal imagepresentation. Theoper at
ing pro cedure and somefunctional iconsareintro-
duced briefly inthefol low ing:

Nuclear counting

Sincethe mono chromeim ageismoreprecisefor
counting, weusu aly usethe Convert to Gray Scalein
the Spatial Calibration com mandwin dow totrans
form our color im age into amono chrome one. Then
theContrast Enhancement window isused toad justto
the vi sual qual i tiesof our im age. Be causethe count-
ing areaisonly fo cused inthein timalayer, we should
delineate the measured area first. The function of
Freeform AOI (areaof inter est) Toll will help usto
sep aratetheintimafromthemediaareaand confine
thecounting areainthesketched polygonal terri tory.
Then we use Count/Size to count TUNEL-positive
nucleus and/or Hoechst-positive nucleus in the se-
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Fig. 2. Agarosegel eletrophoresisanal y sesby DNA lad der
for mation. Lane 1: DNA marker; Lane 2: the early
lesioninapatient withlow cho lesterol level; Lane
3:theearly lesioninapatient with high cholesterol
level; and Lane4: latelesionof atherosclerosis.

lected sizerange.

Theimagemerging

Toidentify theapoptosisnu cleusor thecell types,
weusethelmageOperation-AND toperformalogi cal
“and” be tween our im ages, and used the Im age over-
lay-Mergetoconglomer atetwoimages.

Statisticalanalysis

Data are ex pressed as mean + SEM. Univariate
anal y sisof mean databetween early le sion and ad-
vanced |e sion groups was per formed by the Mann-
Whitney test. Univariateanal y sisbetweentapering
por tionandlesion por tion of speci mensof cor onary
endarterectomy was per formed by Wilcoxon signed
ranks test. Differences between groups were con-
dideredsignif i cantat aprobabil ity valueof lessthan
0.05 (two-sided).

Results

Four teen early and thir teen ad vanced le sions of
coronary atherosclerosiswereexamined. Theearly le
sionswere a most lo cated at the mild fatty streak or
atherosclerosis-pronelesions. Theadvancedlesions
included cdl cifi cationandthrombosiswithmoder ate
toseveresteno sis. Apoptotic cellswerefoundin all
stages of atherosclerosis, including initial lesions,
atheromaandfibroticlesions.

Evidence of apoptosis by gel electrophoresis

Afterex peri menta peri ods, thetissuesfromearly
lesionandlatelesion groupswerecol lected, cel lular

Fig. 3. Transmissionelectronmi crographsof (A) non- apoptoticinearly lesionatherosclerosis,(B) apoptoticinlatelesion

atherosclerosis.
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DNA was ex tracted and agarose gel eletrophoresed
wasper formedtoanalyze DNA fragmentation. The
resultsaredemon stratedin Fig. 2. Intheearly lesion
group, therewasno ev i dence of DNA frag mentation.
On the other hand, apoptosiswasidenti fiedinthelate
lesiongroupby DNA lad der for mation.

Evidence of apoptosis by transmission
electron microscopy

Undertransmissionelectronmi croscopy examk
nation, cellsin thein timaof the early atherosclerotic
speci mendidnot showthechar acteristicsof apoptotic
cells. (Fig. 3A). Inthelate atherosclerotic speci mens,
many intimal cellswereapoptotic, ex hibiting conden
sation of chromatin, which are ultrastructural char ac-
teristicsof apoptosis. (Fig. 3B)

Apoptoss detected by triple immunofluor escence
stains for Hoechst/TUNEL /a-SM C-actin cell
marker antibody

Themajor ity of apoptotic cellswerepresentinthe
intima. How ever, apoptoticcellsvar iedinnumber and
distribution pat ternwith dif fer ent typesof tissue speci-
mens. Intheearly lesionsof cor onary atherosclerosss,
few apoptotic cells were found in the intima. The
mean apoptoticin dex was2.60+1.72%, signif i cantly
lower thaninthead vancedlesions(7.42+ 3.07%, p<
0.01). Thedif fer ence of apoptosisbetween thetaper-
ing por tionandlesion por tionobtained fromcor onary
endarterectomy specimen was significant (2.59 +
1.90% vs 8.10 £ 3.20%, p < 0.01). SMC isthe pre-
domi nant cell type of apoptosisin ei ther early or ad-
vancedlesion.

Discussion

Apoptosis is a physiologi cal cell deathprocess
thatisimpor tantfor nor mal devel opmentandinvolves
in many pathological conditions. Atherosclerotic
disease is a progressive and systemic disease, in
whichpathologi cal accumulationof cellsintheintima
may resultinmi grationandprolif er ationof smooth

muscle cells, macrophages and lymphocytes. The
apoptosisinthe cor o nary ar tery has proved to belo-
cated mainly in thein timalayer.***°Sincedif fer ent
stage of coronary atherosclerosis can be harvested
fromconsecutivepatientsunder goingcor onary en
darterectomy or car diactransplantation, our human
speci mensarethemost suit ablematerial for apoptosis
research. Besides, cor o nary endarterectomy isastan-
dardandroutinepro cedurefor dif fuseatherosclerotic
lesionwhichisnot suitablefor cor onary artery by pass
grafting. Thewholehy per plasicor cal ci fiedintima
and part of the thin layer of subintima tissue with
atheroma plague should bere moved.

Therequi si tionof “adequate” endarterectomy is
criti cal for successful lumenreconstructionandthe
“endarterectomy” pro cedurecould not beregarded as
being” completed” until thedistal taper ing por tion of
endarterectomied atherosclerotic ar tery isretrieved
and distal healthier intimaisex ploded with no more
intimaflapleft. Com paring thesetwo endarterectomied
segments, we observed a significant difference of
apoptosisex hi bi tion betweengroupsof taperingand
severelesionportions. Pathologically, thisphenome-
non could bean other cri teriaof the* com pleteness’ of
endarterectomy procedure. Higher apoptoticindex is
still presentinad vanced lesionof transplant source, as
confirmedby theear lier studiesof Hanet al and Cai et
al.2*® How ever, prior studieshave sev eral mistakes.
Somemateria isfromtheatherectomy speci menand
isover simpli fied inthe* snap shot” of hu man ather-
ectomy tissue sampling. Being a tubular structure
withec centri cally lo cated atheromaplaque, there
modeling processof cor onary topography al tersthe
lo cal hemodynamic pat tern, whichinturninfluences
the apoptotic manifestation in different regions.
Therefore, theatherectomy speci menscan’tdisplay
thereal apoptoticmani festation of thewholecor onary
atheroscleroticartery.

In thisstudy, the apoptoticin dex of thetis sue sec-
tion was de duced from the mean value of five equal
sectors. Statistically,theinferential indexwascloser
tothereal cor o nary apoptotic status. Inad di tion, the
tradi tional countingand cal culationof apoptoticindex
ismore* qual i tative” than* quanti tative” asmentioned
above. Unfortunately, the studies of the acute re-
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sponsetoar terial injury arenot possi bleinhumans
andlong-term serial changeisdif fi cult tofol low up.
Thistri plestain can help usidentify posi tivenu cleus
and calculate the index of apoptosis cells and the
gpoptotic cel typesinasin gledide section to achieve
higher accuracy than the serial tissue section. Con-
joinedwiththreedif fer ent fluorescent col ors, wecan
designlotsof detection se quencese.g. apoptotic nu-
cleus (TUNEL-FITC filter---green), total nuclei
(Hoechst-UV fil ter---blue), SMCs or macrophage cell
type marker (SMC-a-actin antibody-Rhadomin fil-
ter---red). Asweknow, theimagesareusudly dif fer ent
fromthe sceneunder themi cro scopeespecialy with
traditiona phototechnique. Withtheaid of digi tal came-
raand com puter pro gram system, im agescan bestored
andrecheckedimmedi ately. If theimagesarenot taken
well enough, repeated adjust mentsarepossi ble.
Inconclusions, withtheaid of im proved counting
and quanti fi cation method aswedesigned, thevari a
tion of traditional investi gationcanbedi minished,
therefore, thequanti tativeapoptotic pro cesscan be
representedmoreprecisaly.
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