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Gene Expression Profile of Lung Cancer Cells Following Photo-

dynamic Therapy

Ji Hyun Sung, M.D.", Mi-Eun Lee, M.D.2, Seon-Sook Han, M.D.%, Seung-Joon Lee, M.D.%, Kwon-Soo Ha, M.D.",

Woo Jin Kim, M.D.2

'Department of Molecular and Cellular Biochemistry, College of Medicine, Kangwon National University, and ?Qlinical Research
Institute of Kangwon National University Hospital, Department of Internal Medicine, College of Medicine, Kangwon National

University, Chunchon, Korea

Background: Photodynamic therapy is a viable option for lung cancer treatment, and many studies have shown that
it is capable of inducing cell death in lung cancer cells. However, the precise mechanism of this cell death has not been
fully elucidated. To investigate the early changes in cancer cell transcription, we treated A549 cells with the
photosensitizer DH-I-180-3 and then we illuminated the cells.

Methods: We investigated the gene expression profiles of the the A549 lung cancer cell line, using a DEG kit, following
photodynamic therapy and we evaluated the cell viability by performing flow cytometry. We identified the genes that
were significantly changed following photodynamic therapy by performing DNA sequencing.

Results: The FACS data showed that the cell death of the lung cancer cells was mainly caused by necrosis. We found
nine genes that were significantly changed and we identified eight of these genes. We evaluated the expression of two
genes, 3-phosphoglycerate dehydrogenase and ribosomal protein S29. The expressed level of carbonic anhydrase XII,
clusterin, MRP3s1 protein, complement 3, membrane cofactor protein and integrin beta 1 were decreased.
Conclusion: Many of the gene products are membrane-associated proteins. The main mechanism of photodynamic
therapy with using the photosensitizing agent DH-I-180-3 appears to be necrosis and this may be associated with the
(Tuberc Respir Dis 2007; 63: 52-58)

altered production of membrane proteins.

Key Words: Gene expression profiling, Lung neoplasms, Photosensitizing agents.
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o] Alg#(in vitro) A @2 AU (in vivo) 2 g ol
A &7 9= Ao BuEe] 9’ DH-I-180-3
& hacteriochlorin®] % A¢1 pheophorbide %2
B BdolgE A ¥ulx AN DH-I-

180-80] FHALE sHalsh 7| He Bo] A7Ho]
]X] O]—
ool 2l st Aol sl ALAEe] o

oifi= 714 Lol 7] $lske] FACS(fluorescence-
activated cell sorting)S Al&s}aL, 214} @] ¥
stE otz stk 1ole] 54 Zejold
(primer) &5 o] &3to], B39 2ol 5 Hole FA}
5 WEste Y82 /e DEG(differentially
expressed genes) kitE ©]-&3to] F2t X 5o w}
A AEe] AR B WstES dopw gy,

=13 EH
o =

1. MEF

oo tol| ALgslE Al EFEE American Type
Culture Collection (ATCC)S.ZH¥ {3t Q17 7
o MET AXMIE AR o, 10% fetal bovine
serum(FBS: Hyclone Laboratory, Logan, UT, USA)
D AA 7 E3E O] 9= RPMI-1640 Bl Fel-& A}
&3t 35-mm FEZ G A0l 5% COp, 37T 7S
= skl

2 z}od

- o

OII

X2} MZEXZ]

.I

Fet 2 g0 FyvlA Ed2 DH-1-180-3 At

-8-3t3ich. DH-1-180-32 t ™| 2/ %A}o] =(dimethyl
sulfoxide, DMSO: Sigma Chemical Co., St. Louis,
MO, USA)ell o] ARg-stalon, BaAd= 20T
of Bastivh 74zt A3e 91al DMSOel =<l
DH-T-180-3-& 43 wljFlel 3]Aste] HFE=7H1
pg/mlo] E L5 shof 124175t 5% COy, 37T 9] 2=
Aoz Hjkstadh

Btk A5 AEE f8l AEXFE 3B mm AEY

ALl 80% o = ZE7F Ad &

b A

FuRe:|
=2
o
AR

B AR AL

=)

)

2 HEE o]&3to] 670 nm o] e HS 08
Jem’e] A7 2 583 2A e giT) WS 24 5 20
2 o] AEEIEE DH—I—180—39~°”73: AlA 8L
PBS(phosphate buffered saline) 2 A% g+ %] RNeasy
Mini kit(Qiagen GmbH, Hilden, Germany)& ©]-&-3}
of RNAE FZ33ith

3. Fluorescence-activated cell sorting (FACS)

L oo

s A5 &, 35 mm HAEZHA = Az
A2 (trypsin)-EDTA (0.06% trypsin, 0.53% EDTA)
2 Adste] AxE woldl § PBSE EHAI-
EDTAE AlAA T

AEEx10° cells)ell 5 pl ©}¥)41(Annexin) V-
FITC(fluorescein isothiocyanate)} 5 1l propidium
iodide(PDE 300 w¢ oAl V A3} 2kZAl(binding
buffer)o} g7 HolE § 4T &4 7oA 168
bttt @3=Hdol dE AEe FACSE
FACSCalibur(Becton Dickinson, Franklin Lakes, NJ,
USA)ell ¢Jal 488 nme] o= #olA = 45 3
gom CellQuest Software program(Becton Dic-
kinson)& ©|-&sto] MEAPES] FEg EA 53l

mlm

AAAFS $I38ke] RNA 3 pg, 5 x reaction buffer
(Promega, Madison, WI, USA) 4 ul, dNTPs 5 wf, 10
mM dT-ACP1 2 (5 -CTGTGAATGCTGCGACT
ACGATIIIT(18)-3"), RNasin RNase inhibitor (40
U/w) 05 wul, Moloney murine leukemia virus
reverse transcriptase(200 U/ ul; Promega) 1 ul <
HojE & AT Fol 20 ul7t HE=F sto] 42TolA
A} whge Azt

5. ACP(annealing control primer)-based Gene-
Fishing PCR(polymerase chain reaction)

o] Afol 7t Sl A= GeneFishing DEG
kits o]-&3te] ACP-based PCR el &l 2A}s}
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ATHSeegene, Seoul, South Korea). ACP:= A% (Applied Biosystems, Foster City, CA, USA)E o]-&
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A
gl abolE Hol= WE=E GENCLEAN II A A &
kit(Q-BIO Gene, Carlsbad, CA, USA)E o]-&3}o] &+ (Figure 1). 33]9] uHE A 3lo] ] v =3t A7}E
=399, ABI Prism 3100-Avant genetic analyzer c},

control DH-1-180-3 alone post PDT 1 hr
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Figure. 1. Quantitative analysis of the apoptotic and necrotic cells. Ab49 cells were analyzed 1, 2, 3, and 12h
following PDT. While no increase in apoptotic or necrotic cells was seen with the photosensitizer only, about 50%
were necrotic till 3h and about 30% were necrotic by 12h. FACS data showed that the mechanism of cell death
is mainly necrosis.
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GPT GP 13 GFP 15 GP 21 GF 2 GP &8 GP &1 GP 17

Figure. 2. Differential expression of genes in agarose
gel with or without PDT. Two bands increased (arrow
1,6) and seven decreased following PDT (arrow
2-5,7-9). (1; pre-PDT, 2; post-PDT, GP: GeneFishing
primer)

Table 1. Eight genes that were dignificantly changed
following PDT using DH-1-180-3. The mRNA levels of
first two genes increased and the expression of the
rest genes decreased.

NumberName GenBank Acc. No. Homology(%)
1 3-PGDH AF006043 526/528(99)
2 gggsomal protein  goo3s313.1  217/217(100)
3 CA-XII NM206925. 1 271/271(100)
4 MRP3 AF154001 520/520(100)
5 betal intefrin BC020057.1 264/265(99)
6 MCP BC030594.2 383/383(100)
7 complement 3 K02765.1 333/334(99)
8 clusterin BC019588.2 580/580(100)
PGDH: phosphoglycerate dehydrogenase: CA:carbonic

anhydtase; MRP: multidrug resistance-associated protein.

2. DEG (Differentially expressed genes)

ACP(annealing control primer) 7]%8-& ©]-&3t
PCR W o 2 393 A& 3t A3 93 g &
AR F 219 AEES mRNA o] =
Wl asle) 120714 gleje] 54 mejolu 53} 27)
¢ oligo(dT) Zeto]HEol oJsf Fst A7 A, 5
o WAl Aok ke A WESS R A,

9711 2] WE7E 2l = A ch(Figure 2).
97fe] M FellA Bt A5 § ddo] Fhd

AL 20, wdo] Zad AL TR

3. Sequencing

97hel We 5 4
WEg Adste] A7INGEAS sl 1 A
BLAST(Basic Local Alignment Search Tool)ollA]
sl e FHAE ok

o] S7HE 2719 f-3 A= 3-phosphoglycerate
dehydrogenase(PGDH) ¢} ribosomal protein S29 ©|
RaL, wo] kA 6719 - 2k= carbonic anhy -
drase XII, clusterin, MRP(multidrug resistance-
associated protein) 3sl protein, complement 3,
membrane cofactor protein 12|31 3-1 integrin®] %}

tH(Table 1).

A= DH-1-180-3& AH&-8 393t 5.0 ¢
3 A AEIF AZAEGA ] o] 2A) Hi ARE

srelaiglon], o] FAoA LANIE uol 979
FAAE BAAL, o] F 8719 FA4E B9
o,

o] 2 A ¥= Aol My AKnecrosis)ll €]k ALNA|
A ZEAPE AL o5k ARIA e e MEFS] F
T, BN =49 T, B X5 21 Sl
g oEHer gl = Pl B AP
DNA9} RNA9] o]z Al&(base pair)oll ZAEstA =
+ PI(Propidium iodide)e} A|3ZEAME Aol Al Al
Yjgto] wpgZoz =% HS ul phosphatidyl
serined] AgEHA HiE opdA VE gAstal!
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%é’% DH-1-180-3¢l] ¢JsfjA= F=

Ho

2 ge g By £
F9 7140] A9A o] B2 A Aok A
sAbgle] BHelEgnt

B AgelN P93t AR Fol oA

55



JH Sung et al: Gene expression profile following photodynamic therapy
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