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Pl~todym mlc modulation of cellular function 

CUI Zong-Jiez (Faculty of 曰 f Sden~es，删 打 Ag&~urd Unitersity，Be~iing 100094， 
Ch／na)； E Keith MAT17-IEWS ( 巾 ofPharmacology，Univenity of Co~ ridge，Tennis 
Court Road，Co~ riage CB2 ZQJ，UK) 

KEY W ORDS photochemothempy； smooth 

muscle； photosensitizing agents； calcium； 

mitochondria；pancreas；cell death 

ABS玎 CT Ph0Iodvnamjc action with a large 

number of photooeusifisers has important practical 

inlpk川i0ns such as photo6~ c cancor ther- 
spy． But the cellular and molecular mechanisms 

involved have beenmther poorly understood． In 

this paper， photndynamic modulation of cell 

穹iP 1al transduction and the resultant d1a 暮es in 

cellular function are ro~ewed．with a particular 

emphasis on smooth muscle and the pancreas． 

Certain light—absorbing molecule8 excited by 

photons aI℃ rsised from the ground state to the 

singlet excited state which， with a givell 
prohability，may undergo intersystem crossing to 

reach the砸Dlet state． I e excitation energy of 

the triplet state call be tm~ errod to ground state 

oxygen to generate excited sir1glct molecular 
oxygen． nIe daromely i~eactive singlet oxygen 

(94．1 kJ·mol )reacts with various cellular 

components totriggerdifferent cellular responses， 

a process termed type u photosensitization or 
photodyrunnic action⋯ ． rhe light．absorbing 

molecules are therefore photosensitizem． During 

a type II d)Ⅷmic action，photon energy is 
transformed into chemical energy(covalent bond) 
Via the singlet oxygen molecule． Singlet oxygen 

in a cellular m／／／eu has a lifetime of about 1 

whieh limits its effective reactive distanco to 

wi thin 20 Bin of its site of generation． Because 

of this unique property of chemical bond 

formation and rostricted volume of reaction， 

photoseusitizers have multiple applications： 
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photodynamic therapy of solid tulnol"$， 

Dhotodynamic ablafion of atheroscleretie plaques， 
extracorporoal photochemotherapy such as 

photedynamic thempy of ledkemia an d 

photodynamic stem cell purging for bone n1a口 

transplantation， photodynamic themDy of skin 

lesions，photodyrmmic sterilization of whole blood 

and blood products， mad photon—activated pest 

eradication (photon-activated pesticides)． 
However，the cellular and molecular nlech~ sms 

involved arepoorly~ dersdtoed ． ~ eroforo，the 

last few years have witnessed the emergence of a 

new field：photodynamic modulation of cellular 

fun ction． 

0pdcaI properties of biological lis$ue$lind 
different classes of ohotosens~tizers 

Light pene~tion into biological tissues is 
determined by bo th scattering and absorption． 

Longer wavelengths encounter less scattering and 

penetrate biological tissues deeper than shorter 

wavelengths． Light absorption at lower wave— 
lengths is decroased by endogenous chromo— 

phoros：eg， nucleic acids (̂ 260 nm)， 
aromatic amino acids try~ophan an d tyrosine 

(̂ 275 nu1)，urocanic acid( 277 m )， 

hemoglobin and deoxy—hemoglobin (̂ 420 

nln)，bilirubin( 460 Bin)，flavius (flavopm- 

teius)，porphyrius (cytochromes，myoglobin)， 
and melar6ns． As a consequence，there is an 

optical window from 60o—l20o i1／／1 where light 
can penetrate biological tissues maximally． 

Subcellular localization of a photoseusitizer 

determines its site of action， an d the 

photosensitizer absorption 8peetnlm determine s 

the wavelengths for optimal light activation and 
therefore its suitability for n v／vo application． 

Ne剐 ively cha ed photosensitizem (fluoresceius 
and sulfonated phthalooyarfnes)tend not to enter 
intact cellsan dthereforethe plasmamembraneis 

the primary-site of action． Lipophilic cationic 

semitizem (such as rbedamine 123)accumulate 
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inside mitochondfa because of a net negative 

potential inside mitochondrial membrane． DNA 

intercalators(psoralens)specifically target the 
genomic DNA(Tab 1)． 

Tab 1． R_t,~ ve pl町t0s 吐日ers。 tladr maior 

d瑚 腿 血 Ⅱ (km)．pl如帕ry栅b。eⅡ target．and 

咖 or pmeⅡI柚 fia p町锄tlI髑搭)eUnleal ll钟． 

PhotcsemilJzer nm Sdx~llular target Clinical treatment 

Cl】l 0ri∞ 660 

Fluor~=,cexm 550 

Fullerines(c∞，c∞)UV 
Hvpenlcin 600 

H仲0c他Ⅱins 46O 

Metocyanine 540 533 

MeⅡlelene blL_e 664 

Naphthal~'y 77
．
anines 6 

PhotoffinⅡ 640 

Phthalocyanm~ 670 

Porphycenes 633 

Psocalens UVA 

Pil~ xifl$ 700 

Platyr~  650 

RhodflR~ eI23 50O 

叩 730 

(~ano~therapy) 
plasma inelnbl"fl~e pesticide 

(eance~therapy) 

nbsIr-a membrane 

pIl鹏p1．0l；pase c 

D A 

skinlesiems 

leukemia 

blood sterilization 

(canceftherapy) 

cancertherapy 

(cflnC~F ll1e【 阿) 

(car~er tIIe 阿) 
psoriasis， 曲  

(∞r 口theraPY) 
(∞r therapy) 

x 0n 

ph pl】0lipase C (c8nc therapy) 

Phomd~ amic cellular responses 

After brief incubation。certain photoseusi． 

tizers mainly localize to the plasma nlem． 

braheL ’ ． Upon subsequent light activation． 

these membrane．bound agents~tivate or modu． 

1ate a number of physiologic processes：contrite— 

tion or relaxation of smooth muscle eeUsL ， ． 

slow phasic inerease8 of intraeellular calcium 

concentration(1C Ji)in fibmblasts，thymo． 
cytes， c ，

_

ardi'omyocytes colon adenocarcinoma 

ceUs~ ， 一 UJ
， amylase sccretion in 啪 creatic 

acinar ceUs、ll1 
． inhibition of amylase secrefion 

in AR4-2J ceils[ ， 
． 

A number of photosensitizem trigger the 

physiolo~c process of apoptosis：psoralen in lym- 
phoeytes phthalocyanine in lymphoma ceils， 

fibrusamoma cells．1eukemia cells．蜘[v．infected 

lymphoeytes， and pmmonocytie ceils[ 一lS)； 

photoffin Ⅱ in flbrosarcoma ceils[19]：purpurin 
and porphycene in leukemia cells[20,21]

． 

t'aotodym mlemodulation of smooth删 lscIe 

Targetingthe tlLfflor vaseulature is a form of 

[UlTIOr eradication that after repeated treatment 

does not generate drag resistance． erefore 

work on photodynamic modulation of smooth 

museh cells is critical for a rational design of 

tlLfflor thempy． To elucidate direet photody． 

namic effects on smooth nlllflCle ceils without the 

complicating factor of endothelial ceils，guinea 

pig taenia coli has been used． 
hl the isohted guinea pig taenia coil．the 

Dhotodynamic action of halogenated fluoresceins 

(erythrosine，r08e b~nga1)，and sulfonated alu． 

miniunl phthalocyanine (SAⅡ)c) triggered 
complex patterns of contraction／relaxation． 

SA】 lc photodynamie action induced a triphasie 

contraction： an initial rapid contraction． a 

relaxation foUowed by a sustained contraction． 

This contraction pattern was dependent on the 

presence of extracellular calcium (1 Ca2 『 )． 

n ol reductants ．cysteine． N．acety1． ． 

cysteine， and DL—dithiothreitol reduced the 

sustained phase of contraction． In taevia col／ 

preeontracted with caI 01． SALPC photo． 
dvI c action induced a triphasie relaxation：a 

rapid relaxation，a transient contraction，and a 

sustained relaxation． The sustained phase of 

relaxation was potentiated by the thiol reductants 
- eysteine．N—acetyl-L．cysteine，现 ．dithiothre． 

itol，and reduced glutathione． A cGMP a．na- 

logue 8,-PCPr．eGMP in the carbacho1．precon- 

tracted taenia produced a triphasie relaxation very 

similar to the photedynamic relaxation． 田1e宕e 

data indicate that photodrtrunie action of SAIPc 

produced ampid eorrtractionwhichmaybe dueto 

activation of receptor-mediated contractile 

sj乎1alling pathway；direct activation of guanylate 

eyclase leads to the tmusient relaxation which is 

also seen in pmeontracted nmscle cells and 

potentiated by the thiol reductants； while 

permeabilizafion of the smooth musele eeU plasma 

me mbrane leads to calcium influx， and sub． 

sequent sustained muscle contraction J． 

Photodymm ic ino~ on of 0ama'ea~  

adnar cells 

Pancreatic cancerhas the]poorest prognosis： 

a 5-year survival mte of 3％ ． erefore．the 

photedynamie modulation of both normal and 

unnoral pancrea~c acinar cellfunctions has been 

investigated ． 

Stimulation 0f amylase se删 0咀 Halo． 

genated fluorescein r08e b目1舀 and SALPC w 
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used． Rose benP photodynamic action in 

perfused pancreatic acinar ceUs induced amylase 

secretion． which was monophasic when the 

perfosing major anion was chloride：it became 
Knhasic when chloride was replaced with 

glutamateL“J
．
The initial response was possibly 

due t0 a direct stimulation of the receptor- 

mediated secretory machinery，whereas plasma 

membrane~rmeabilizafionledto a delayed entry 

of glutamate anionthrough plaslnamemb rane and 

zymogen granule membrane to suppo rt the 

exocytotic process fuller． Amylase secretion 

was al80 seen in SAU photodynamic 

action【12,14]
． which also became biphasic when 

chloride was replaced with glutamate (Matthews 
＆ Cui． unpublished)． n stimulation of 

secretion did not depend on an intact aeinus 

configuration，fince a similar stlmulafionwas also 

seen in siIl isolated pancreatic acinarcellsL13J． 

nle time  c0urse of amylase secretion and 

memb rane permeabihzation(86Rb efflttx and LDH 

leaI【a ) was comp~ ． It was found that 
amylase secretion generally preceded me mbrane 

permeabilization( Rb eⅢux and LDH kaka辨)． 

In addition， after buffering l Ca： Ji with 
BAPI’A． photodynamic amylase secretion was 

inhibitedL14J． 1hese data suggestthatme mb rane 

penneabilization is not a major cause for initial 
amylase secretion which must be due to a direct 

stlmulation of the secretory nlachinory at the 

plasma me mb ranewith a resultantnetil~rCasein 

【Ca： ]i． e target site for#otedy~ e 
actioncouldbe receptom，G proteins，orcoupled 

effectors，l2]
．  

‘ 一  

Inhibition of amylase se~l*~lioll In 

contrast to stimulation of secretion in normal 

pm~reatic acinar cells． SAIPC photodynamic 

action in the pmmreatic tumor cell line AR4．2J 

led to an inhibition of secretionL13,i43
． Basal 

secretion could be completely obliterated． 

Inhibition pe rsisted even when the plasma 

membrane was permeabilized(indicated by LDH 

kab )． In control expe~ments，memb rane 
permeabilization with digitonin Stimulated amylase 

secretion． Removal of 【C o revemed 
photedynamic inhibition ，resulting in an increase 

instead． BAPrA buffeting of I ca“ J{did not 

affect the phon e inhibition of secretion in 
AR4-2J cellsL ． From these experiments it i8 

obvious that certain plasma  memb rane 

components essential for amylase secretion ale 

damaged in photedynanfic action in AR4-2J 

cells， and this process is calcium-dependent． 

Interestingly． similar to SAU)c photed ynamic 

inhibition in AR4-2J cells．photodynamic action 

by protoporphyrin also leads to inhibition of 

secretionin ratperitoneal mast cellsL J． 

Work on presynapticmemb rane andin yeast 

indicates that exocytetic process i8 controlled by 

an elaborate system of SNAP(membrane fusion 

proteins) I 印tor proteins (SNARE) which 

include v-SNARE(v for vesic~ar)and t-SNARE 
(t for target)． Plasma memb rane t-SNARE 

include syntaxins(isoform 1A，lB，2，3，4， 

an d 5) and SNAP．25 L J． It i8 possible that 

syntaxin isoforms involved in$eci~tion in nol~lal 

acinar cells and those involved in secretion in 

tumor AR 2J cells and mast cells ale different． 

hence they are subject to differentlal 
photodynamic modulation． As a result， in 

normal acinar cells photedymmlc actionre8altsin 

stimulation，wh ereas in tumoral acinar cells and 

mast cells the Ie8ult is inhibition． 

AI~．dlidollic add release Other than 

stimulation of am ylase seci~tion． SA】 ℃ 

photedynamlc action has been found to stimulate 

libemtion of amchidenic acid and prostaglandin 

production in pancreatic acinar cellsL2~J
． 

Photodymmicliberation of arachidenic acidwere 

biphasic： an initial in bifinn followed by 

stimulation． Both arachidonic acid release and 

prostaglandin production was delayed in 

comparison with am ylase secretion；fu_rlhelTI10re， 

blockade of prostaglandin production with 

inde metacin did not affect amylase secretion． It 

is concluded that photedynamic action may 

direcfly activate phosphollpase A2(PI )to 
liberate arachidonic acid，which is subsequenfly 

acted upo n by cyclooxygenose to pmduce pmsta- 

glandins；but ne ither arachidonie acid liberation 

nor prostaglandin production i8 responsible for 

pll0加d 1an stimulation of amylase secretion． 
lerefore． photedynamic action must stimulate 

amylase删 j0n though rae~hanisms other than 

amchidonic acid z 】 ． 

Triggering of [c日2 ]i憾dll洳 A 
number of studies have found that photedynamie 

action led to an incm~e in[Ca： ]j(Tab 2)． 
Earlier woIks were performed in populations of 
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Type of cell Photosensatlzer Rofere~lee 

Adrenal chromatfin cells 

Bladder eareinoto．a cells 

Can nmv0cv嘲  

CH0 cell~ 

Colon adenceareinoma cells 

Fd~mbhsts 

㈣ cells 

Myelorrm cells 

PhrK∞e c acinar cells 

Panere~ c acinar cells 

l'hyn~cytes 

SALPC rhy~hJ＆ Kanno． 

personal communication 

曲。叫 51 

enrdlr08jI1e B 8 

SALPC 5 

L4 9 

SM ~C 2 

SAI 16 

Z．PcS~ 10 

SALPC 26 

PI脚  25 

er 10 ne B 7 

cells． and in all cases a slow．phasic iflcn se 

in l C I wa$observed． 

Inmt pancreatic acini，brief(1—2 rain) 
photedy,~ c action triggered persistent or it- 

reversible oscillations in [ca2 ]；【25， ． The 
gadolinium porphyrin-like macrocycle(PLMGd) 
effect was dose-dependent： these oscillations 

gradually degenerated into plateau
_

eha~e under 
more iz~tense photodyrmmie actionL25 J

．  SAI PC 

photosensitization砸酝eI similar[Ca2 ]i oscil- 
lad0nsL驯 ． "lhe photodynamieally induced 

oscillatian~ could be completdy blocked by a 

phosphatidylinositol—specie phospho~L,gse C 

(PI．PLc) inhibitot 1573122 (1．{6．1(17／3．3． 
methoxyestm-1，3，5(10)一trien-17-y1) amino J 
hexyl}一1H-pyrrole一2，5一dione)， but not by 
phosphatidylehohne-speciilc phospholipase C 

(PC．PIE) inhibitor D609 (砸cvclodecan．9．yl 

xanthate)． Removal of l Ca2 o abolished 

lCaz l 0scillations，which was reversible upon 

readdition of l Ca2 ln- The newly diseoYei~ 
phsma membrane permeable inositol 1，4。5． 

trisphosphate(玛 )receptor inhibitor，2-amino- 

etbew~phenylbomte(2-APB)C 一 】．alsoinhi． 

blted photo6~ ic oscillations． Judging from 
these data， it is concluded that photedynamie 

action at山e plasma membrane transf'Lxas PI．PIE  

in an active conformation．PI．PLc ． PI．PLc 

catalyzes the hydrolysis of phosphafidyl-4，5- 

bisvhosVh~te(P )to generate IP3． 
binding to W3 receptors(玛 R)on the internal 
Ca2 stores．releases C into the cytosol and 

hence lC Ji increases． amount of Ca2 

released into the cytosol was governed by 

l C I with a bell-sh,n~ Yesp0nse curve 

(positive regulation with [Ca2 ] ；negative 

regulation with high[Ca2 ] )，and by Ca2 

concentration in the intemal stores，l ca“ J 

(positive regulation)． Lowered l C J stinm- 
lares C entry into the cell by the stores． 

operated Ca2 ehanrrels(SOCC)【驯，to reple— 
llish山e intemal stores．which may involve the 

Ca2 -ATPase on the intemal stores membrane． 

Fixation of PI-PLC in an active conformation 

therefore is the ∞le r~llireme nt to trigger this 

cascade of events，and l Ca2 l as a result 
o~illates． 

As a consequenceofthe l C liincrease， 
the saturated calmedulin in turn ree dulales a 

number of intracellular proteins． typically 

ealeium／calmedulin-de~ndent protein kinase II 

(Cam kinase II) 0 J． Cam kinase I1 was found 
to be involved in stimulus-secretion coupling in 

mt pancreatic acinar cellsL32J。althoughitsmajor 
role in other secretory cells such as the anterior 

pituitary cells may re ate 山e L-type voltage- 

de~ndent calcium chk,mel8【33,34J． Other than 
Cam kinase II，increased 【Ca2 Ji may also 
directly stimttlate the exocytotie process through 

the v—SNARE synaptotagminL J． 

Ion channels There is no evidence s0 far 

to suggest that photodynamie acfion would have 

specffic memb l'~Lne targets other than PLc in 

pancreatic acinar cells． Photodyrmmic action 

has been found to ree dulate 目)eciilc ion 

channels． Tart and VMe~eno found that short 

periods of10se b￡ln photodynamle action(2—4 

s)suppressed allmajorion(Na ，Ca2 ，K ) 
currents in cardiomyocytes， while longer 

photed~ e action indueed a new． 1eak 
currem L 

． In the ciliated protozoon 

Paramedum c0“dⅡn肼 ．the ohotodynamic action 

of methylene blue activates both a Ca2 current 

(in山e anterior portion)and a Ca2 一dependent 

K current(in the posterior portion)r 】Iting in 
a depolarimfion and a hyperpolarization， 

respectively ． As to how the relevant ion 

channel proteins ale affected h、r photodyrmmic 

action， will have to await further molec~ar 

studies． 

M itoehondrion as a site of action ／n 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID：[SSN 0253研 56 Acta - 一b目 SiJ~Jca 中国持理学报 1998 Jd；19(4】 。301 

vivo，the photosemitizer protoporphyrin could be 

synthesized d H0∞ from 占_aminolev1Allnic acid 

(AlA)． Protoporphyrin photedynamie action 
was found to lead to cell lysis in AR4—2J cells． 

，I1 fact that mitochondrial benzodiazepine 

receptor ligands PK1l195【1-(2-chloropheny1)一 
N-methyl-Ⅳ_(1-methylpmpy1)73-isoquinoline- 
c8i'boxmllide I and Ro 5舶 64 I 7-ehloro-5一( 

ehlompheny1)．1，3-dihydro-1一methy1．2H—l，4- 
benzodiazepin-2．one l attenuated ALA photody— 

tlanllc effect， combined with the fact that 

protoporphyrin has g}I affinity for the 
mitochondrial benzodiazepine receptor，indicates 

that the mitochondrion may be an important site 

of~otodynamic action leading to cell deathL ． 
Nuclear effects The memblBne．sDecifie 

SAIPc and the DNA interealator T4MPyP (a 

porphine derivative) beth induced in golden 
hamster pancreatic carcinoma line H2T 

micronucleus formation， and a positive 

correlation between mieronuele11s formation and 

evtotoxieity wa3 foundL) ． 

Hl0I Iy玎伽nic m0dIlla血m 0f cell sig~ mmlng 

I~ odynamic action triggers diverse cellular 

DesD0ll8es in many types of cel1． The 

photodynamicaUy indueed ceⅡular responses may 

be due to modulation of intrimie cell signalling 

pathways． In rat pancreatic acinar cells and 

nxⅢlse lymphoma cells． SAI．I~ photodytmm／e 

action activates P]LA'L 0 r24 to liberate arachidonic 

acid and via cyclooxygenase to stimulate 

prostaglandin production． s process may play 

an important role iln． the initiation of 

apoptosisL ． In a human bladder transitional 

carcinoma cell line I24． hemato~ hyrin 

derivati'／e(photoftin)photodynamie action also 
sti~dates the production of pmstaglandin，but 

prostaglandin heremay p1aythe roleofprotection 
against fu~ er photedynamic insultL ． In rat 

pancreatic acinar cells and adrenal ehromagln 

cells．SAI Pc and PLMGd photodynamie action 

irreversibly activates PI．PLC。 generating a 

physiologic form of[Cd ] 0scillation[z5·26) 

(Hayashi＆ Kallno，personal communication)． 
This lCa2 Ji oscillation may be transformed into 

a more persistent l Ca“ li increaseL25J by 

has been 

shown to stimulate the production of intracellular 

cAMP in the cell line I24．which promotes a 

protective effect in these incident ceUsL40J
．  

SAI PC photed ynmnic action stimulates immediate 

tyrosine phosphorylation of 8o—kDa and 55一kDa 

pmtelns iln． Rlouse lymphoma L5178Y cells． 

probably via activation of plasma membrane 

associated srcf lv protein 钾m [1e kinases；the 

activation of this signalling pathway tends to 

protect the cellsL ． ，I1le photedynamic action 

by phthaloeyanlne in CH0 cells also stimulates 

the phosphorylationof MAP kinase andactivation 

0f P21一Ra8L42 ． In cultured murine keratino． 

eytes， benzoporphyrin photedyna~ e action 

strongly activates MAP killa~8 SAP kinase and 

P38 HOG1：but it has no effect On MAP ld 

ERKt43J
． Th ere is recentindication that protein 

kinase C may be involved in photedynamie celⅡ 

killingH4J
．  

Photedymmie action modulates gene 

expression． Comer and associates found that 

after photedynamlc action， expression of the 

following proteins increased significandy： 

gluc09e_Ieg山ted protein GRP_78(witll photofrin 
1／as the sensitizer，1991)，heme oxygenase in 

CH0fibmblasts(photofrin Ⅱ，1991)，nuclear 
factor B in mon$e L1210 cells(pbetofrin II， 
1993)，induction of immediate early response 

genes(1os， ，myc，egr一1)in~lbiDsa％coma 
RⅡ cells(rose bengal，photofrin 1／，ehlorin， 
1994)。 and heat-shock protein HSP．7O in 

fibrosarcoma RIF ceils (eHofin， purpurin， 
photofrin 1996) 45J． Similarly，Kiek et 
found that photofrin pbetodyna~ e action in 

human epithelial cells He【且 leads to strong an d 

prolongedinduction of m andfos L J． 
，I11e sig~mng pathway in the photodynamie 

triggeration of apoptosis is not well defined． 

Limited studies indicate that H and PL 

activation may be involved in photodynamieally 

indueed apoptosis in molx$e lymphoma cellsL J
．  

Serine／threonine phosphorylation tends to inhibit 

apoptesls and serine／threoniBe dephesphorylatlon 

pmmotes apoptosis in some leukemia cell 

linesL47J． Photodyna~e action indueed 

apoptosis ma y have some common connection witIl 

apoptosis induced by other agents in that Be1-2 

expression pmma  t
、

es resistance to apoptesis in 

CH0 fihroblastst48J
． 
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Photodynamic action of all photosensitizers 

induces the expression of certain sb℃8s proteins 

including the cytosolic and nuclear localized heat- 

shock protein HSP72． mitoehondrion localized 

GRP75． and endoplasmic reticulmn (ER ) 
localized GRfy78 and GRP94． In a recent slady 

h、r 0semff and cowoFkers．it w∞ found that the 

mitoc11ondrial largetti~ photoseusitlzer Victoda 

BIue BO nlediated photodynamic action induced 

GRfy78 expression： interestingly， GRP78 

overexpmssion alone could amplify 7一fold the 

phototoxic effect of Victoria B1ue BO，indicating 

a uniquerole ofGRfy78inmitochondrial largetted 

photodytla／~c action 49J
． Victoria B1me BO 

photodynamic action damag~ the mitochondiial 

respiratory chain and depolarizes the 

mitechondrial membrane．wl1ich caIl lead 协 山e 

opening of the mitoehondrial permeability 

tmmition pore(Ⅷyr) 49J． Sustained opening of 
appe,arsto play a centralix)le inthe effector 

phase of apoptesis ． S~cffic targeI衄 of 
mitoehondriamaytherefore prove apromising new 

approachin photodynamic cancertherapy． 

00NC1 】sI( 『s 

Pbotodytla~c action of different classes of 

Dh0tosensitizers can modulate．the functions of 

diverfie cell types，l~gay due to a direel modu- 

lation of specific cell signalling pathways． Since 

photodynamic action permanently and specifically 

．transfixes or ‘welds’ signalling biomacmmole- 

cules(such as PLC)，locking them permanenfly 
in fl slate to gt nerate an iIIeversible physiologic 

process， photosensitization has important 

implications both asflpewefful exploratorytoolin 

cell biology and for practical applications． 
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