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ABSTRACT

Effects of Iron on Photodynamic Therapy of cancer in

tumor bear ing Mouse Model

Park Seong—Nam
Advisor : Prof. Ahn Tae—Gyu, M.D, Ph.D.
Department of Medicine,

Graduate School of Chosun University

Photodynamic therapy (PDT) is a noninvasive cancer treatment method
that treats cancer using photosensitizing agents and light. However,
POT needs to be developed to increase the efficiency of treatment due
to the limitation of light transmission and the limited effect of
photosensitizers. This study was conducted to observe the effect of
iron on the effects of PDT on cancer treatment. The experimental group
was divided into four groups: control group, iron group, POT group, and
IrontPDT group. The CT26 tumor bearing mouse model was used to induce
carcinoma by injecting colon cancer cells (CT26 cells) into Balb/c
mice. Iron (10 mg/kg BW) was injected intraperitoneally 2 hours prior
to photon injection. Photolon (2.5 mg/kg BW) was intraperitoneally
injected 2 hours prior to laser irradiation. The laser was irradiated
to the tumor site with 80J dose using a semiconductor laser.

The tumor volume was measured every three days after laser irradiation
using digital caliper. After three hours of laser irradiation, the gene
expression was measured by the mRNA sequencing method and the cancer

tissue lipid peroxid(TBARS) content was measured by using OxiSelect™
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TBARS Assay Kit. The volume of tumors was increased by 421% on the 14th
day compared to the 0 day, the control group was increased by 418%, the
POT group was increased by 114%, and the IrontPDT group was reduced by
53%. After 3 hours of POT, the TBARS content of tumor tissue was not
different between control and iron group. Tumor tissue TBARS content
increased 178% over control group, while IrontPDT group increased 6/%
over POT group.

Three hours after PDT, gene expression in tumor tissue was measured and
12 chemotaxis-related genes in the IrontPOT group were increased by
17.0 times, 13 genes related to cytokin-cytokine receptor interaction
increased by 7.3 times, and the corresponding gene response was
increased by 10 times, respectively.

In these experiments, when photolon—-POT was performed using CT26 tumor
bearing mouse, iron administration significantly reduced the volume of
tumors, increased the TBARS volume in cancer tissues, and increased the
expression of genes related to inflammatory reactions.

The anticancer effect increased by iron in Photolon-POT is considered
to be able to use iron very effectively in the treatment of cancer by
POT.

Key words: Photodynamic therapy, Iron, photolon, CT26 cells.
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D. Colon cancer bearing mouse model & &

Balb/c mouseE FOHGIH 12t ALFGHH 230 HEAIZI | 23 R&
S22 0/ SotRUCH. bHLs MFUEL MIZ(CT26 cell)E trypsin X2lotH
L& = LHIE(CT26 cells : 2x10° cells/mouse)Z PBS 0.2 ml0il S5t
0 Balb/c mousel S % TGNl FAIGIARCH LAE FAF F Al2F Bt
Mtetd 2tEotd 232 AJIE digital caliper2 HEHOIRCH, 2L &
Al 350 mn® HEO 3JZ A0l HAHE A0S tumor bearing mouse

model & A& 0l AIZ0IRULCEH.

ASEE20 @49 2Z=° 3|0+ 350 mm® Ol AHQ! tumor bearing mouse 5
= STOZ 25 5 AEZOZ LISALH AEZS dHOIME £
MGHX 22 HZEZW Iron Z(EE 10 mg/kg BN E0=), POT (01X 80
J/Cm* ZAFZ) & IrontPDT Z(ZE = 10 mg/kg BN S0/ = 2I0IX 80 J/Cn* =
AMZ)22 LISRUCH. AEU AIESt= 222 He ZEE(Photolon)2& S
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AE0ITCH. 28 AEI2E 502182 I0IH ZAFEDE ZAF &
MetA 142X 2= (tumor mass)el AJIE =H6D AIRES
2E2| D= digital caliperg &6t O3 H

Tumor volume(mm®) = (width? x length)/2

. SEXZ TBARS £F

n
O

EAXA KAEDAG ASSES  TBARS(thiobarbituric acid reactive
substance) 22 =XoIRUC 2 ZHMStH =2 1081 W/ V)2
0. 1M phosphate buffer(pH 7.4)E &JI5t0! polytrone homogenizer=2 =& 3t
A2l = TBARS & =XE 28t AMIE2 0|=06IAUCH. TBARS 22 OxiSelect™
TBARS Assay Kit(20tHIOIQEI(=), AE, Korea)E OIE38H0H HMZALSl =3
20l Cetd SESHRULE.
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112

HAMst ZLEZAHNAM  TRIzol® RBNA  Isolation  Reagents  (Life
technologies, Carlsbad, CA, USA)E OI&35t0H total RNAZE =25t 1,
Agilent RNA 6000 Pico Kit (Agilent, Santa Clara, CA, USA)E AIE3dt1
BioAnalyzer 2100 automated electrophoresis system (Bio-Rad, Hercules,
CA, USA)S OI8dtH RNA CtEAS =ZAGHACH. Z2lE RNAE=  TruSeq
stranded mRANA sample preparation kit (illumina, San Diego, CA, USA)S
0125t M=ZARS 20 [tetAd mRNA sequencing libraryE &HIGHILCEH
mRNA library= Agilent DNA High sensitivity Kit (Agilent, Santa Clara,
CA, USA)E 0I&E0ot0d BioAnalyzer 21002 Z415t1), CFX96 real time system

_']D_

Collection @ chosun



(BioRad, Hercules, CA, USA)ES 0IEctH HEEA GHACH. 222 mANA
library sequencing2 Illumina HiSeq 2500€ O0OI&3dt0H Z4&0tA L), cONA
libraries2l clusters= TruSeq flow cell& O0I&dt Bt= CHS TruSeq 200
cycle SBS kit (lllumina, San Diego, CA, USA) £ OI&dt0{ 100 bp-end
read 2K EIIMEES Z4HCHUCH. |llumina HiSeq 25000 A =&& &IIAM
2 2= FASTQ formatOff &= HE2 HIWotH =40t
Z4E DAVID Bioinformatics Resources 6.7, NIH(35)0IA Functional

Annotation Tool2 O|Z26IRCH A& 2t SK&EX €& X0l= reads per
=

- b

4]

Gene set2

kilobase per million mapped reads (RPKM) 2SS ot fold-change
false discovery rate (FOR)E =3&Aoll, p<0.05 ¢ 218 Rolst 2102 o}

ULCH.

H. SAHXCZ

I
0

Z Z+ HFEHIH(meant SD)2 HAIGH

Statistical Package for the Social Science, Ver.

rr
0&

RNA-seqE HIQIEt 2=
[0, AEZI)e=E SPSS (
12.0. SPSS Inc., Chicago, IL, USA) SH Z g 0|25 Z24&EH
(ANOVA)E AAISIRLD, AlE 2t |R2/4d2 Duncan's multiple range testOfl
Ol M P<0.05 =F0IA HSotAULE.
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SHEFD UCE. lrontPDT =2 B X TBARS &2 POT 2Lk 67%IF St
T, EE2F0Z POT Al2Z QI8 4totd NEEA0 SIES 20HF1
ULH.

C. POT 21} lront+POT 29 2 X =

HE0| POTOI 28t
IHEL 40l

T Ot
oo =

mRANA-sequencing B & SA&X &3
log2(FC)
AHOIEItQI D)

Bl 1w &t

(Chemotaxis),

21t

receptor interaction)

E= Table 2 2F &LCt.

AOI &2+ QI-AFOI 210!
UM, &

20| POTOl OIXl=
A stetFEd2dE 7H
Ol&told, p 80l 0.05
lrontPDT =22 & &
2 (Ccl2),

ligand 12 (Ccl12),

chemokine (C-X-C motif) ligand 2 (Cxcl?2),
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chemokine (C-C motif) ligand 7 (Ccl7),

Colony Stimulating Factor

120= 17.0 B SItEA1D,

M= 7.3 i St

(chemotaxis) 2& S&EX}

s 2EoH)| fI6tH POT =t lrontPDT =29 &
A gezs =30l Hlwst 213 log2(FC) 2t0l 1
Olotel &A= Table 3 4 Z2CH. POT =220 HISHH
stet=4 2t ™K chemokine (C-C motif) Iigand

chemokine (C-C motif)
3 Receptor (Csf3r),
chemokine (C-X-C motif)
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ligand 5 (Cxcl5), chemokine (C-X-C motif) ligand 10 (Cxcl0), C-X-C
motif mhemokine receptor 2 (Cxcr2), interleukin 1 beta (I11b), S100
calcium-binding protein A8 (S100a8), S100 calcium-binding protein A9
(S100a9) Ot SIACH. Cxcl2, Cxcl5, Cxcr2, S100a8 & S100a9 =& A=
log2(FC) 20l 3 OIA0IALD, Ccl2, Ccl7, Ccl12, Cxcl10 & [11b
log2(FC) 20l 1.2 ~ 2.0 OI¥SM, Csf3r log2(FC) =g+0l 2.05
lrontPDT Z0IA SEX &0l =H LIEHSC.

HU i i

E. POT 21t IrontPOT =22 & & ALOIEII211 ALOIEIIY =X &58t

Z(cytokine—cytokine receptor interaction) 2g& S& X &a Bt

POT =1t IrontPOT =2 2 & AFOIEIHQI AOIEDHRl =Z2XH & SBF
o

S 2 SMA Yezs =™6 Hlwse 2 log2(FC) 201 1 0140 1Lt
-1 0l5t0l2, p &0l 0.05 Olote! RAEX= Table 4 2F Z2Ck. POT =20l HISH
o IrontPOT 2o & = s 2te

Z ALOIEJCInE AMOIESCl =&/ &S
S &KX Cxcl2, Cxcl5 2F Cxcr2 SISl log2(FC) gt=2 3.3 OlA0IAL,
Csf3r 1t Cxcll SEXL log2(FC) 22 2.93 0IA2B, Ccl2, Ccl7,
Ccl12, Cxcl10, 111 & 1116 |SEX2 log2(FC) g2 1 0l& 2 OlatZ
lrontPDT Z0HA SEX 20l SIHERUCH.  BHHO Csfir RIS
l0g2(FC) 2t2 -1.012 IrontPDT ZO0HA SEX LSOl 2AEUCH.

Iron+POT 22 & ZXZ! AOIEJI2l &AM (cytokine activity)

F. POT 21t
S 28 BEt

&

i3]

POT =1t IrontPDT =2 & X& AOIEJIQ 24 2d RN L2 E
=ZG6t0 HlW8 21 log2(FC) 8t0l 1 01&0l12 p gt0l 0.05 0IGtR! RE X
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Table 5 @ ZCt. POT 20l HIGHAH IrontPDT =2 & A& AOIEJHQ! E
zted |SEX Cxell, Cxcl2 2 Cxcl5 KX log2(FC) 2t 2.93, 4.29
3.85 {1, Ccl2, Ccl7, Ccl12, Cxcl10 ¥ 116 SR 1og2(FC) tE 1
b2 ALOIZ [rontPDT ZO0IA S&EX &S0l SOt ACH. BHHOU Sppl =&
XSl 1og2(FC) 22 -1.28 2 |rontPDT ZOUIA SE X LSOl 2AEUCEH
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rr

0x

o

—
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O

G. POT 21 Iront+POT =22 & XZ HAZBHE (inflammatory response) &

ST Y #g

POT 1t IrontPDT =2 & X&) FBEES 2ed R LS EHol
& gt0l 0.05 Olatel K&

O Blwst 23 log2(FC) gt0l 1 OlA0l12 p 0

Table 6 1t & Ct. POT =20l HIGHH IrontPOT =22 & X& HEEHS
&K+ Cxcl1, Cxcl2 2 Cxcl5 AKX 10g2(FC) 2t 29 2 3
1, GCel2, Cecl7, Ccl12, Cxcl10, I11b ¥ 116 F&E X2 log2(FC) g2 1
2 AHOIZ IrontPDT ZOIN SREX L&O0l 2

log2(FC) 8t -1.05 2 IrontPDT 20A &
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Ol 1MITH SWeH ZeZMe IHE 600 nm2l WX 2 ZH0l 2oiA
243 20 L2 FSF50l ¥, 0 = 2-3F St MUl XE5H
CZ HOUI 20l st L= H2lAIZHOF et OetA MW XIHAl

N
(@}

| &4, E&E0| 2 21 1o ¢

bl
2

| QoM E&3tE = chlorin & A
Ob Ml 2MICH Z230tel 222 M HLE/UACH(16,17). S22 eb= WHE 660 nm
Lol SHA E43tE= ZDCINMO0IXIRH XSHSE0IJ| 20 MMM £
o = HiET= Al2t0ol 2. Wetd Xgdel 2

polyvinylpyrrolidonelt S&fAIA MZEE ZEEZ2 =
A S0 = 24A12001H UHRE BISEC. ZE20 oY
ZTAGHH  Z2EBIS0] 20U BrEY
species)2 ZMAIHAN HLXES LIEFHCH ROS= superoxide anion(0y),
hydrogen peroxide(H0.), hydroxy radicals(OH)S0l Q20 (41), ROS = &
S40| Jt& 28t 242 hydroxy radicals @10, #&20| SJtotH Fe™ 2l =04
2 Fenton BFSOl 2IoHA hydroxy radicals &0l SIt & £ UCH42).

Mrozek—Wilczkiewicz A S(43)2 5-aminolevulinic acid® iron-chelating

ArAZE S (ROS: reactive oxygen

agent @l thiosemicarbazonesE HE0IH ZE= XNISE AlHGHH ROS M
Ol &N XIS&0F SIHECD St¥=0, 2 AN 29SS s Al
H = 14 A A0 BL SEH2 W2 447% SO, POT =& 114% 3ot &
lrontPDT = 52% 242 LIEHLHA, CHEZO0l BISHH POT =22 &Y EXHO0|
HOMN 93 Xz A2 29 L0l AMEFsS & = UL £t
[rontPDT 22 L A2 52% 242 POT 220 SLAJIIF o 2482
2 = QUCH Bol=22 MIAHO Z+HOl AA0IXEH AtAJ S L 20
Ne Z22 =0 BtSeoz vtsd MAZSS MASEHCH44). HEZ20 A
MEC= IS M4AE2 XEQ Wte BISES FYUGHH NEZAME w2
%= Q=0l, 0IZ ferroptosiset Gt apoptosis2teE CHE SHEHN2l NIZAL O
HLIESZ AN UCH45). [etd 2 AN 29SS X A A2+

(=]
2 ZYXNO XRBAS ASYS TBARS ZOZ SHF 2 Y XX

(B4 (B4
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Table 1. Effects of POT on growth of tumor in tumor bearing mice.

Tumor volume (mm)
Groups
0 days 7 days 14 days
Control 191 £ 52 312 + 121 996 + 239
[ron 174 + 49 331 + 136 952 + 211
POT 213 + 57 - 457 £+ 110
[ron+PDT 201 + 48 - 95 + 101

Colon tumor bearing mice were irradiated with lazer light(80 J/Cm?)
at 2 hours after intra—peritoneal injection of Photolon (2.5mg/kg).

Values are mean+D, n=5.
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Table 2. Functional categories of differential expressed genes in tumor

tissues from IrontPOT versus PDT mice

Fold
Term Genes ) p_value
Enrichment
Ccl2, Ccl12, Cxclb,
) S100a8, Cxcl2, S100a9,
Chemotaxis 17.012 4. 4E-11
11b, Csf3r, Cxcri1, Cxcr2,
Ccl7, Cxcl10
) ) Cxcl1, Ccl12, Ccl2, Cxcl5,
Cytokine—cytokine
Cxcl2, Il11b, 116, Csf3r,
receptor 7.327 7.3E-08
) ) Cxcr1, Cxcr2, Ccl7, Csfilr,
interaction
Cxcl10
Cxcl1, Ccl12, Ccl2, Cxcl5,
Inflammatory
Cxcl2, Il1b, 116, Ccl7, 7.101 7.1E-06
response
Fn1, Cxcl10

Ccl2 @ chemokine (C-C motif) ligand 2, Ccl5 : chemokine (C-C motif)
ligand 5, Ccl7 : chemokine (C-C motif) ligand 7, Ccl12 : chemokine
(C-C motif) ligand 12, Csf3r : Colony Stimulating Factor 3 Receptor,
Cxcl1 @ chemokine (C-X-C motif) ligand 1, Cxcl2 : chemokine (C-X-C
motif) ligand 2, Cxcl5 : chemokine (C-X-C motif) ligand 5, Cxcl10 :
chemokine (C-X-C motif) ligand 10, Cxcr2 : C-X-C motif mhemokine
receptor 2, Fn1 : fibronectini, I11b : interleukin 1 beta, 116 :
interleukin 6, S100A8 : S100 calcium-binding protein A8.
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Table 3. Select tumor tissue transcripts in lrontPDT versus PDT mice

related to chemotaxis

Gene POT | ron+PDT log2(FC) p_value
Ccl2 94.4 235.13 1.31 0.0025
Ccl7 13.29 39.34 1.56 0.0005
Ccl12 14.46 47 .17 1.70 0.0005
Csf3r 1.73 7.18 2.05 0.0005
Cxcl2 0.72 14.15 4.29 0.0001
Cxclb 4.64 67.12 3.85 0.0001
Cxcl10 6.15 21.07 1.77 0.0005
Cxcr2 0.72 7.13 3.31 0.0001
I11b 22.15 54 .17 1.29 0.0025
S100a8 31.12 257.19 3.04 0.0001
S100a9 21.44 329. 11 3.94 0.0001
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Table 4. Select tumor tissue transcripts in lrontPOT versus POT mice

related to cytokine—cytokine receptor interaction

Gene POT |ron+POT log2(FC) p_value
Ccl2 94.4 235.13 1.31 0.0025
Cel7 13.29 39.34 1.56 0.0005
Ccl12 14.46 47 .17 1.70 0.0005
Csfir 26.88 13.28 -1.01 0.0005
Csf3r 1.73 7.18 2.05 0.0005
Cxcl1 2.97 22.78 2.93 0.0001
Cxcl2 0.72 14.15 4.29 0.0001
Cxcl5 4.64 67.12 3.85 0.0001
Cxcl110 6.15 21.07 1.77 0.0005
Cxer2 0.72 7.13 3.30 0.0001
I11b 22.15 5417 1.29 0.0005

16 18.50 48 .31 1.38 0.0005
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Table 5. Select tumor tissue transcripts in lrontPOT versus POT mice

related to cytokine activity.

Gene POT | ron+POT log2(FC) p_value
Ccl2 94.4 235.13 1.31 0.0008
Cel7 13.29 39.34 1.56 0.0001
Ccl12 14.46 47.17 1.70 0.0001
Cxcl1 2.97 22.78 2.93 0.0001
Cxcl2 0.72 14.15 4.29 0.0001
Cxcl5 4.64 67.12 3.85 0.0001
Cxcl110 6.15 21.07 1.77 0.0001

116 18.50 48 .31 1.38 0.0008
Spp1 11286 4630 -1.28 0.0001
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Table 6. Select tumor tissue transcripts in lrontPDT versus PDT mice

related to inflammatory response.

Collection @ chosun

Gene POT | ron+POT log2(FC) p_value
Ccl2 94.4 235.13 1.31 0.0005
Cel7 13.29 39.34 1.56 0.0005
Ccl12 14.46 4717 1.71 0.0005
Cxcl1 2.97 22.78 2.93 0.0001
Cxcl2 0.72 14.15 4.29 0.0001
Cxcl5 4.64 67.12 3.85 0.0001
Cxcl110 6.15 21.07 1.77 0.0005
Fn1 361.95 174.26 -1.05 0.0005
I11b 22.15 54 .17 1.29 0.0005
16 18.50 48 .31 1.38 0.0005
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Type | reaction \_——* 0,
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Cell damage
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Fig.1. Type | and Type || photochemical reaction.

PS: Photosensitizer, ROS: reactive oxygen species.
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Fig.2. Tetrapyrrole backbones
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Porphyrin Chlorin Bacteriochlorin  Chlorin €6

Fig. 3. Tetrapyrrole photosensitizers
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Tetrapyrrole Phthalocyanine

Fig. 4. Chemical structure of phthalocyanine
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Fig. 5. Diode laser irradiation with a 660 nm red |ight
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Control

[ron+POT
0 day 1 day 7 days 14 days

Fig.6. Photography of tumor bearing nude mice after

photodynamic therapy with 80 J/Cm?.
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Fig.7. Effects of iron and POT on tumor growth. Values with different

superscripts in the same column are significantly different (p<0.05).
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