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[#5]

B PDT OB M) OFAIE LTHERBESRTWD T2/ L7 U UERALA) I, ERICRBIT DI RALT 4 ) &
FEORE RN E < BEBUEROBRIWEA bild Z &2z, BEISHENE L L o255, ALA I L > THE SN DE
B ELA 72 PpIX R 2 T2 S A2 T (ALA-PDD) X073 AUTEHE (ALA-PDT) IX BRI T v | IERBIGICB W THIEH
INTWDE, TO—FT, EROIFZEICIIT S PpIX OFEA I = XA L TIREHA LI > TG
BHE, NAMINAZ Wz in vitro EECR E L CHEED 2 IRITIFED —KANCHWSL L TWA S, 2 kRcEE#E L
e AR L AR OEE CIIFEEmICB WV TEL OMEENRBO 5N TWD, BEBHEEIIEER D & e U CHil
BENEWNTZD, —HOMAESRIRIRREICH D Z RN TFRIND, T-. BEXOBENELC LN, —KR7Z in
vitro D 2 WITHEETIIZENOZED TRMET 2 2 E LV, AR TIE, R Lo 2 SICEFB LT, 2T
BRI B NS 3R TTHER 2 WV CH ORISR 2158 L. ALA-PDT OFHI 24T > 7=,

[Gasc otk & 5]

BI1E i SADPDT OFFEEC, ALA OHINICE T 2R, BT 4 ) v B ONLAERKRRE., HD50IE
RARZS AHEIE (Dormant Cancer Cells)<° 3 WRITHGEIZBET 2 BATHIIEO MBI DWW TR T2 & & b, TEEE
EICB T BB R OFM A RRT N &S E LTIRE L, A0SR L BRICHOW TR LT,

28 IRTIER 7 2 uf FBIVEEE 2 ITERICRIT 2083 A ORIRYE « 23 A0ME 0 M fa RIR M 25 1l fa 25
JE L BB 2 ARG ZIRE L, RIRBSAMIED 4 G4 CTh 2850, MlaoA7E, REomsl, FEkEl
TN EIRRE LT, MEEOREERIT, Mia 0% EERFIICRIRED TTE 2 RIE Uiz, £72, W L2 RIRD A
JEET VTP AR 2 FE (Cisplatin, 5-FU) IZ%f UL CTIRIFEIRPIEZ R Z L LD Bz, BLEDOFER IV,
FRROREASIE L &I L, LAREOAFZEIZ 35 TR BERE 2R O 23 A ME 2 IKAR S AVRIIE 7L & LTV,

% 3 B RIRD AMIBRIT T B PplX EREI LU ALA-PDT ZhRDFEAM : 45 2 TRV TR L 72 ARIR2 Afilie £ 5
JVAZ ALA Z$5- U, PpIX OZRERTM, PplX ZHt: O YEIREHT L 2RI RO M, R ~7 ¢ ) ARHENCE b S
k5 v AR—Z — OB ET -7, MO RIRMEIC ERE] LT, AAMBICIST 5 PpIX SN L, JehR
FHE L DIBFIR LI R T2 2 E RSN R o T2, 0T, BRI HIA] 2 AV CIERIR 23S A HAE & (RER 2
AR ~FEE L, ALA 5% D PplX Hfd7e O NOEREIC L DI Z WA ST 5 2 L 2Rl iz, MlasEsim
HIFNZ &L > T PpIX FHREHIM L, SERHZ K DR D BEFITH R L2728, FANZ X D IRIROFHFE N AIHET
HbHEWwR LT,

B4 ALARNBOLBEBIE L, OBGFREUSEICE X DS  PpIX N5 LIS HIIRIEI 4 U 20O FREE
DOFFOIEIRH DS SN TR O ML OZEE) 72 b ONTEIR - HBLE FRE L7z, JE03 AVMIIRIC ST U CRIBIZEDS A& U720 ALA
TEEEF L UVCIRE S 2 B3R LT, B U IEMEBEEIC L o T HO-1 OZBIATLHE L, HO-1 DI LI A ANHE
57 p2l OFBLTLESE D Z L2k,

%55 ALA N OEAENIBA S S AN 5 2 2RE . S MK L CRREDSTHE SN2 WERED
ALA JEER L ORI 2 R LB s BB 5 ONSHEEFEOEREIC DWW TIHE L7 AAHMIBIZB VT,
DAIHIBE T TH D p2l OFBITLHEITRD GNTOH 5T tMOBHEET S 23 AL OHEFE 2 Bl 5 &
INZHBUEAR AT D T EBH NI o7, Fi-, B MREHERERICIS W TR L > THRIC
BB FE OINHI TR STz, LEOFER L0 | ALA B 5% ORI X > THIBSENFE S b o o 2 AR
WZxtLTh, DADOHETEIMBIZRS G TE 2 2 LR ST,

6 E BIE  AMIRICL Y, EERTREORBTH 2 EmMIEE R X OWEHEOBEEED 2 503 ALA-PDT (2 & I1F
THENHOL N E 2o T,

5« FMSCEBIE, FISC 2000 & P30 300 5% 1 ET T 52 b L <IEHIC800 8% 1 HH#EH LT 72& 0,
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Photodynamic therapy (PDT) and diagnosis (PDD) using 5-aminolevulinic acid (ALA) to control the
production of an intracellular photosensitizer, protoporphyrin IX (PpIX), are in common clinical use
Although various studies have been published regarding cell death analysis after photoirradiation by
ALA-PDT, the changes in gene expressions induced by it are yet unclear. Especially, ALA-PDT effect on
deep—seated tumor cells is not well understood due to high cell density and attenuation of irradiation
light.

Here we created uniformly sized PC-3 prostate cancer spheroids using a 3D culture plate. we first
demonstrated that cancer cells exhibited dormancy, including the decrease of cell proliferation, dependent
on cell density and spheroid size. Cell dormancy was characterized by no proliferation, no death, metabolic
suppression, and recovery of active status. Second, we demonstrated an increase of PpIX accumulation after
ALA treatment with the same dependency. We infer that PpIX accumulation increases with cell dormancy
Moreover, ALA-PDT cytotoxicity was induced, and transporters involved in porphyrin metabolism were
regulated in a cell dormancy—dependent manner in both the 2D culture and spheroids. PpIX accumulation
was increased by incubation with ALA and GO/Gl-phase arrestors and ALA-PDT cytotoxicity was also induced.

In addition, we demonstrated that photoirradiation increases ROS production in an ALA-concentration
dependent manner, which in turn upregulates the expression of three genes in HEK293 cells. HO-1, PAI-1,
and p21 mRNA expression was upregulated after photoirradiation; however, the effect was abrogated by adding
the reactive oxygen species (ROS) scavenger N-acetyl-L-cysteine (NAC). Further, we constructed a weak
photoirradiation system with low irradiation doses to study the cancer cells that survive irradiation
in vitro. Using primer array analysis, we showed that the expressions of several genes that repress cell
proliferation are upregulated by photoirradiation of PC-3 cells. Furthermore, p21 and Ki-67 expression
was upregulated in both PC-3 and MKN45 cells. Finally, we showed that cell proliferation after
photoirradiation is suppressed in both types of cancer cells

Our results demonstrate that ALA-PDT would be an effective approach for not only tumor cells on the
surface but deep—seated tumor cells. ALA-PDD or ALA-PDT can result in rapid ROS-—induced cell death and
have the potential to decrease long—term recurrence.
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