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Abstract

Objective: To explore the efficacy of photodynamic therapy on the transplantation tumor of lung
adeno-carcinoma in mice, and to provide theoretical basis for clinical photodynamic therapy. Me-
thods: The human lung adeno-carcinoma A549 subcutaneous transplantation mouse model was
successfully constructed and randomly grouped. The experimental group was injected with photo-
sensitizer and irradiated with a laser of 630 nm. Meanwhile, blank control group, single photosensi-
tizer group and single light group were set up. Photodynamic therapy was given every 2 days and
total 3 times. Tumor specimens were removed from the four groups 2 weeks after the last irradia-
tion, and the tumor was completely removed. The tumor volume changes were compared and the
tumor inhibition rate was calculated. HE and Tunnel staining, PCR and Western-blot experiments
were performed on tumor tissues. Results: The tumor inhibition rate of the HPD-PDT group was sig-
nificantly higher than that of the other three groups. HE staining pathological sections showed that
all tumor cells in the treatment group had different degrees of necrosis. TUNEL staining results
showed that most of the cells in the treatment group were expanded, the nuclei were fragmented,
and the apoptotic positive cells were significantly increased, with the most obvious apoptosis. PCR
results showed that compared with the other three groups, the expression of Bcl-2 mRNA in the
photodynamic treatment group decreased, while the expression of Bax mRNA increased (P < 0.05),
and the differences were statistically significant. Western-blot results showed that the relative ex-
pression of Bcl-2 protein decreased in the photodynamic treatment group, while the expression of
Bax protein increased (P < 0.05), and the differences were statistically significant. Conclusion:
HPD-PDT can inhibit the growth and proliferation of lung adenocarcinoma cells transplanted tumor,
induce the apoptosis and necrosis of tumor cells, and finally Kkill tumor cells. It has a killing and inhi-
biting effect on tumor tissues, indicating that photodynamic therapy has a good effect on the
treatment of lung cancer.
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HIT B TEAR, A& —Rhgeid AN AT B B RSl AR S T SR T ik, DAL GO PE /N [4] #E i PEHE
B PEARBR[STRIAR RS AR DL BRI, HLAE SRR (K ia T ik b B EL TARCKIIE S, Sz
82 FH - R TE SRR R R T R X R A R AN IR T R IR SR AT Z IR T, RO i
TG U — AN 7 TR o AN S0 0 A /) U e e A% TR AR TR AR T 63 i 3o T8 4 L ) % 0 R
2, IR IEEN 15416 SR B A -

2. M5 5%
2.1. 8

1) SEIGANYIMEYE BALB/C #1524 R, 5~6 Jiie, 1A= 14~16 g, SPF 2%, W H bR 4E@ | s
MPIBARBRAF . LSRR P MNE ARG E RS ER. FFRIERE 26°C~28C, i
& 40%~60%, ¥BJEFEHITE 40%~60%, J+T UL 12 h B - BEAEEAIEET; #REITTH A K. fkl. ke
T FoAth F B A2 v e 28 VROK B AR B s BRI SRS v

2) SZIG A AAR AN IR AS49 ANHkE, T 1 35 [ B F (R 0

3) FERXF RPMI-1640 15953 L% Bl A ]

HE Je il & R ZREFERH AR A A

TUNEL X7 & Hi+ % [ (Roche) A 7]

DAB & 5 il & LR ER AR A A

4) X3 LED-IB Jeah /iy A, s EAS B ARG R A F =,

5) JGEGI AN AT A, M T AL RERERHTAR AR, HE 10%06 2 M5 19%7 8 St
RPMI-1640 58455 7R M B B P e B2, ILBCILA .

22. B

1) i sh R N RO AR N URCEENTRE AB49 dilftk, B TRiFRILAP TR IR, fE4lfxt
HO A K CEANRL, N PBS AN, MBI AR, WEIMAN PBS &, 2 Mike, 4R
LUK EEAE 1~2 x 10" AN/ml, 4 200 ul 4R 1.5 mi /M0, B 0.2 mi 40 s R 4T T4
SR Ak, e e S B R T AT DL B 40 M BB ST B L, T TRl s, AR DL RERAE,
HE 24 AR TS BRARMMEMNE, KRA%LE 5~7 REER, o WK N AR H
B, RBETEEMEEIEENT, s R RER AR, HKARHE 4~56 mm (8], RHE g8 iE
BERT), FJRE % 100% (24/24) . &K 3 RINE — R iA K 58, el K2 i LA MR iAiR (V)
= 1/2 x ab® W EAAR, Hb a RFEFAKE(Cm), b RFMZ(em), FHARUL 0.150~0.200 cm® B #E17 4041
[6]-

2) Syd¥s 24 HATRARERBENL 0 4 21, R 6 R S EXT IR, BDAVHUT T Ab e s a4,
Reg DOGBON I CHOE IS RabDEREA, AEFHEEEI R4 L 630 nm BOLIS: sl iayr 4, Bk
SPOGEGRE 630 nm OGN . J6ahiasT R ST &E 2 RS 7, BI4ZHR 10 mo/kg 7RI &= AR R A
BHEEFOEEGH, MR A7 =S RS R B 5040, #s 4 /NG, 8 RARRE 100
Tt 10% MK & 58S, K2 2~3 204 BRGE N RIOR A, 285 630 nm OGRS, ThR 2 80 mw/em?,
B B A% 5 om, BRES 10 5. SR TH, RERRAL, R BRAR RNy, FoRE o B 5,
AR 1 RR R IE B k2 BIFE ST, RO A B S B . B 2 KBRS — IR, 3£ 3 K.

3) SLIGWLEE: L BUHENL R AR B, RIBUMRIARAS, SE BB IR A, 40 0 DN 0 A o B A AR AR
1, PRASER > BTV N E T 4% 22 IR VAR T [E E 24 /NI S T HE J2 TUNEL e, SR 8
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PR SR ER AT AT B, US98 % P T8 240 B 1 e vl P R 1A

Q) IR KARTE2S B ARFAASA R 4% LI AR - RO & JF VR A0 SIB T RTA T J5 /N B T A MR )
Kt2@@). HERb)&FEC), HHEMBAR(V) = 1/2 x ab®.

b) #ERME VG975 14 R, TRHFENLIE 5 KRR, SUHEDL I AR SERTRE /N, 58 B3 25 i
AL, TR E IR A, T E AR R

PRBUEKANHR = (1 - SCIRA PR BEZH S 2544085 x 100%.

C) MR 4H 25 ARSI 3R 2 H /N R MR ZH 21, DIEUE FEAN I 5 mm AL ZY) 42 10%48 /K E AR
W E 24 h, FHRIAWEEME, U, MHE B, DUREBRE LB TSR F, s g R
BUAR BTN R A 20 R B AT R S o

d) iy ZE 220 B T KSR IR W Ak R A R T L, R AR ST B, R B (
ZK 110 miny 2R 11 5 min), ZA)5 B SRR B B CBEEEE, B PBS ik 2 IJE BT, &S
filf K TAE(100 pg/ml) 37°C FHEE 30 min, FR B /E0ET, Y14 B0 50 ul TUNEL AR (&1
W 98 uls TAT 1 pls EIEEARICH dUTP 1 wl), B IEARE AT AN AA OR B SR 53 A 30 SIHE S SR X ek
R AR AT 37°CilEYE 1 h, PBS #ilkis, DAB T, 400 {568 N bl s N a], 45K
T ot H IR AR EUR R K Be 2 B, TR R B YR 5 B SRKOK BRI, TR BA B LK
THRE B E R R R R R, B 5 AT AR N SR A i e R R, WA T
W) B EER A ERE R O T, BENLIERE 5 MY, THEARE TR,

e) YL ERE PCR B BUEEMIRHLUMA 1 ml Trizol 78/ AFEE AT A4 RNA $2EL. MEWRE S, SR
S SAFIE Y BE LB EER 4 DNA SSAN S 55 I SR 0 RNA S5 MR cDNA, HT
SYBER Green i£%)t € & PCR, LA B-actin fEJ9NZ, il Bax. Bel-2 () mRNA AHXT R AL 514H
eI B RV EM ARG IR AT A . @i CT HiTH %4 Bax. Bel-2mRNA [FHX ik &, MHXTERIE
A 27 RR,

f) Western blot B & iR 2H 280, 32 IG5 & Ui B P I\ RIPA Z A B H 25 2H 4R U e 28
ZNEEH, KM BCAENEEERE. T RNHBLIZE BIK(C%IKRARI, 12.5% /% 10%5) & 1K) AT
EEDE, FEE YK, 7% 0.45 um PVDE i, 314 )5 PBST BEMEH-4r W% & —bt 4%, % GAPDH
HAERZ. H, PBST MEIEE I PR E 1h, HRVEEE ECL KJeikEt, £ Fusion Fx it
WG 2GR . 45 R A image-d BUE T RGN E % %75 K EAE, DLHE 5 NS &0 IR
FEME M LU AE N H 8 A AR R E & .

23. G ERZE

FH SPSS23.0 it BT Gi it 240, 4 IKIE ] GraphPad Prism 5 %, fRHSZIGEE 37k, L6
BRI VIIIE £ ARHEZE(X £ s)yRow, 2 A2 s oAk bh B B R R 5 Z2 90 i, i TRl i B R
LSD-t ¥ 3634770 #71: P <0.05 2 Z 7 AA gt %5 L.

3. R

1) R R AR A DU UL 5 K o e 41 )

B EZ) 5~7 R, FrARBEM AL H I 5~7 mm [BE S0 R S A AR 4547, A fid
A, UEHTIERL R . BEJE AR IZETIE O, & ALAR MR AR BE I (8] AR Ko, RiE A
. BADGCEGHHE . Fa R R AR PR BT A LETE W A, IR AR TR, TR T LR B
AR AR, ARG AR, RRaEEh . BEa. RN AMZ AT 8. Jush i
JYATLRIT )G 5 REHMBAERKICRZESR, W7 7 T RiTAMBERR S = AH. Babeis)
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AN A AT EE O B, R B gt (P < 0.05), 1M HH. BADGBONA. Haisii
AR AR IR Z R, 87 RS S AR R AR E KA 1 o, R 2Rt Ze &l 1 s

Table 1. Changes of tumor volume in nude mice before and after treatment

F L RTARSARRMERRE KTR(MM?) (x+5)

KA 2 G HEZH Bl eRGA a2 HPD-PDT 41
7 63.03 £ 5.45 59.13 +3.81 62.95 + 0.56 64.13 + 3.88
10 78.09 +5.81 73.45+5.05 78.83 £ 5.95 76.61 +5.49
13 94.61 +7.85 85.45+5.11 89.30 +5.58 85.01 £5.31
17 150.01 + 15.53 153.03 +13.15 152.05 + 18.00 152.30 + 9.56
20 180.30 + 17.68 168.68 + 2.10 186.86 + 33.08 198.31 +54.36
23 262.00 £18.51 258.35+0.53 295.38 +12.16 282.69 +50.89
26 511.53 £ 67.58 383.10 £ 38.15 512.08 + 19.85 363.05 £ 57.06
30 675.19 £ 38.60 585.59 + 80.88 585.89 + 58.03 515.01 £ 36.58
33 878.90 £ 54.35 840.70 £ 98.90 831.15 £ 105.19 527.03 £ 83.81
36 1189.63 + 123.88 1318.60 + 152.68 1254.08 £ 90.38 631.65 + 103.05
40 1785.65 + 148.03 1570.61 + 166.38 1405.09 + 82.61 860.13 £ 120.16
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Figure 1. Effect of HPD-PDT on the volume of subcutaneous transplanted tumor in nude mice
1. HPD-PDT #RER K T HEEFRIIF N

2) HE Heta st

IR L% HE Yot )s, iR 6, MRAMRA G, SR TSR, WA NS
DAL, BRI RN TEAA— I ENR. &R Mg, mEy K. mim. Hif,
O BRI AT A Y, HEB R ST, RIR G, TRV R L IR R BN B , et fmbs (.
e =AM, Seshia T A an i gcE Rk, aiiHEsl L, Wk, HAnpAzE gE
Pt IR RINIE, 382 WLOLE 2).

3) TUNEL #eh 4k

FHR AR AU A WA A T, TN TR AR R, R ekob, A% P T A
FRIR ORI, REER . EREASZBRNE . S5 =HME, s iy Afs et
PEHVEAN MR B 2, T BRI E (L 3). &4 TUNEL I A H 5 A PH M4 i 502 5 £ 1 i
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MEFTFE T4 B g S EF R T A AR B b . XTRRA . PRali e . Al IR AN
PDT HMZH M IE T8 505> 59 5%. 6.2%. 6.9%F1 30.2%. PDT ZHAH & & T 04 . B4l 20 Fn
BAEIRA (P < 0.05), ZRFHAGTEE L.

A BEXMELL B

Figure 2. HE staining was used to observe the morphological structure of tumor tissue (x400)
[ 2. HE 36 W 52 % L P 4R LA S 75 4546 (x400)

A A s I iy
Lt Bk
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Figure 3. TUNEL staining was used to observe apoptosis of each group (x 400)
[ 3. TUNEL a3 22 % 4H 4RARIA T 1% 5 (x400)

4) PCR V4R A2 R AN Bax. Bcel-2 mRNA Fik/KF
S, Raieiicha ., BRaiC A M e, HPD-PD 4 Bcl-2 mRNA AN R ZELE %, 5
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HAb =AM, ZRAA SR (P <0.05); Bax mRNA X &EEEE FF, ZRBEGGI¥
X (P <0.05); MHE=4 Bax. Bcl-2 mRNA HiE/KV LG %2R, BAAREKFmE 2, & 4.

Table 2. Relative expression of Bcl-2 and Bax 2-AACT in nude mice xenografts (x  s)
2. BABRBEBELN Bel-2, BAX2-AACT HXFRIEE(X £59)

Pagi! BAX Bcl-2
it B AL 1.000 1.000
JEEGRIZH 1.051 +0.089 0.977 £ 0.027
TR 1.033+0.072 0.892 + 0.036
SR 1.558 +0.045" 0.560 + 0.017"

B3 Bax
E3 Bcl-2

2-ANCT

A TEAXMIRMH; B, BADGHGIA; C. BaieIE4]; D. HPD-PDT 41(P < 0.05)

Figure 4. Relative expression levels of Bax and bcl-2 mRNA after PDT treatment
4. PDT j&¥7 5 Bax. Bcl-2 B9 mRNA ¥ &RIEKF

5) Western blot f& 4R R FEHR 44 Bax. Bel-2 U AREB G2 AA. Baiefmdl. fag
HHEA A LS, HPD-PDT 4 Bax &AM RILEEE LT, ZERHEASIE (P <0.05); Bcl-2 HA
X RIS R N, SHAL=AAMEE, ZRBAASRITEE (P <0.05); i =4 Bax. Bcl-2 &
HRIEAKPFE LS 2R, S8R TFOLE 5. Kl 6).

BAX o s A G/

Bel-2 S —— ][]

A FEXEH; B, RADGEGIH; C. RADLIRA; D.HPD-PDT A

Figure 5. Protein development results of Bax and Bcl-2 proteins
5. Bax. Bcl-2 ERR#LE
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Figure 6. Relative protein expression of Bax and Bcl-2
6. Bax. Bcl-2 EHtENFILAZ
4. g

J63) 7397 1% (photodynamic therapy, PDT)X} - 2 Fli i &5 A 1R I VR T7 BOR ,  BE A FfifIE /i NEE 22 1)K
J&, HEI BT R ET R, PRI EARMA]. TES . ARRA . KRR R I R SR A
(71 323 180 T WP R e B I g (VR 97 o IR S U FE 3R W, 63l Jy ik i i PR AR 355 T BB g
Y S [ BE NS B R PR B (R4 1IE AU 2R, PDT X A L P B sl a5 5 T e,
A E R F At AL e )6 T 7 AR =T BOFRCD R, R R St Al PIRE LSRR, AL
PDT #l Kk 2 Ml N2 67T 2 Mo iE (AR R NIRRT vk, Fod B 2R 1 F e B0 1R 35 Bl i 1 )
BT FBPE T RORN[8] [9]. BWFFLRMH PDT nf B AGEANAL. (2t guMayd T, FFnl i /N &
(BTN RE[10], F H BRSNS B, 10 IR 2K RS, AR M, ik 2697 i
JAH II[11]. Jeah 7yl B s A % R G A IR A0RE, 5 S5 IR 20 i 08 O i e 2vE T /R I [12]
[13]. AT LAZHMLE B0 2 PDT A ik F2 b i s L, — MR UE, 4 ToA Mg s, ser
AR AR N R AT, X5 IE K # S Caspase-3 HIBE k¢, [ Caspase-3 A& 4 Mo 12 /5%
HERF[14] [15]. B WREE4UpRRE-2 FEK(B-cell lymphoma-2, Bel-2)% ik A EEA W, —EHHT-&EA
Bcl-2, —#2 Bcl-2 #H3% X £ A (Bcl-2 Associated X Protein, Bax), 3 5 7E4H M T i 18 5 ke AR
[16]. Bcl-2 S A (A AT AR 2R A4 BRI 1, U815 5538 FLIT IO I 52 10 2R R A (1) 8 S FRL AL, T b
5 L LT R 3R T 8 T B MR T 5 — 0 9 H RS 4E R T AR AT R AE[17]. BB, Bax 5
Bel-2 i T A [F R Bl U SRR R T A B T, H S SR R 3 8 Bax RIS B Bel-2 (KR IA A B
el BT, 02 S B gn a0 R A2 [18] . ASSLh 45 IR Y63 I iRIR T SR 56 8 RIS iR /N BT
P A AT IR A, B Al e BT B A0 RE SR R 4 2UE B R AR, fREE HE Jetuss )
STRIR, BT IR T AR AR A, BRI A A %, TUNEL St st Fityr 4 T4
JLRA S 1 22, VR T Rt R A W B T, HPD-PDT AbEE 5 45 55U e A2 R R 20 43 b Bax Rk AT,
Bel-2 ik /KPR EL Bax/Bel-2 LUfE I my, At T B AER I Tk Ak, i — R Sl 5 5 iR 40
HOJE T AT S2E T HPD-PDT 497 FIHT R 1 FH o

VRGBS B IR VG T T332, Y630 J3I6 97 X8 R 240 R R 2% 4 RS B 4% A% SR iR 9T 7 VR BT o i A 2 AR
F, LEIGIR EIRYT I AR 2 1 72 IR IS — o RO, SN MR IR ST I TR AR T ik
—, RGBT R R TT VG LR T R E AR AN R, VRIT RCR A B R R E, i Hoksh 1A
JEAETTAE, ARe RTE R S, X R FRAT R A AR A 1) R o A SCAEID A AR AR AL AN A 2 B b 8%
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BB inTT RE B MR AR A A, (LA T, WITRASE 163 AT ik 3 e 4 e o A5 R,
Pl S8 FiH Bax TR Bel-2 & RIEIA M2 HE AL A A0 M i 12, S8 B AR AR i HL Y, (EA
DINIME 55 Sl B A Fridt— DA 70, X IR PDT MORYTSEAESEH JJIiESE . H il PDT 1UVR YT M4k
THEFEH B SR VE ARG U7 S, R A 7 B 2D N e L Al R e RATT 7T, WA R T R
BE#E PDT () 2P RE, X HAFFUZBIRN, UG RGBSy AL MR (R ia T U 2 A 26 50 R )
JS2 FH RSt
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