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Photodynamic effect of two kinds of phycobiliproteins on
human liver cancer cell line SMMC-7721 in vitro

Yuan Wang, Chuner Cai, Bailin Li, Chengchu Liu, and Peimin He
Shanghai Ocean University, Shanghai 201306, China

Abstract: We studied the effect of photodynamic therapy with phycobiliproteins on human liver cancer cells in vitro. With 3-(4,
5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT assay), we used two phycobiliproteins, R-phycoerythrin
(R-PE) and C-phycocyanin (C-PC) prepared from Porphyra yezoensis, to determine the killing rates and apoptosis rates of human
liver cancer cells (SMMC-7721) mediated by laser. When the concentration of R-PE was 120 mg/L, the survival rate of human liver
cancer cells was 27% after treated by Argon laser with 100 J/cm? doses, while the survival rate in the control group (without adding
R-PE) was 65%. When the C-PC concentration was 120 mg/L, the survival cell rate was 47% after treated by He-Ne laser with
35 J/cm? dose, while the survival rate in the control group (without adding C-PC) was 70%. After handled only with these two kinds
of phycobiliproteins for 72 h, the growth of cancer cells presented significant inhibition. The maximal inhibition rates reached up to
31% with R-PE (120 mg/L concentration) and 27% with C-PC (250 mg/L concentration) respectively. After irradiated by laser for 8 h,
the maximal cell apoptosis rates were 31.54% with R-PE and 32.54% with C-PC, respectively. It indicated that R-PE and C-PC
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extracted from Porphyra yezoensis could develop to new photosensitizers for cancer photodynamic therapy.

Keywords: Porphyra yezoensis, R-phycoerythrin, C-phycocyanin, photodynamic therapy, cell apoptosis, liver cancer cell
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Fig. 1  Absorption of R-Phycoerythrin.
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*1 BEZAXIHNRGI SMMC-7721 HEFER N
Table 1  Survival rates of SMMC-7721 under phycobiliproteins PDT
Concentration of PB (mg/L) 0 (Control) Laser only 30 60 120 250
Survival rates of R-PE group (%)( X £S) 100% 65+6.8" 59+5.0% 40+6.1%* 27+6.4%* 20+5.6%*
Survival rates of C-PC group (%)( X £S) 100% 70+4.5* 73+6.1* 65+4.8* 47+6.7*%* 41£7.1%*
t-test, *P<0.05, **P<0.01.
2.3 HIRBBAEE X SMMC-7721 4R <RI 20T 8 h 9.55% 9.91%( 3)
514 nm SMMC-7721 , 8.0%(R-PE)
, 50 100 150 J/cm? 10.9%(C-PC) ( 4) 120 mg/L R-PE C-PC
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120 mg/L , R-PE C-PC phycobiliproteins. C-PC is above, R-PE is below, same below.
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Table 2 Survival rates of SMMC-7721 under different irradiation of 514 nm Argon laser alone

Accumulated radiation dose (J/em?) 0 (Control) 50 100 150
Survival rates(%)( X £S) 100% 66+3.8* 65+6.8* 66+3.5*
t-test, *P<0.05.
&3 632.8 nmHe-Ne #t B4R B X SMMC-7721 {RE 4 FF R AT
Table 3 Survival rates of SMMC-7721 under different irradiation of 632.8 nm He-Ne laser alone
Accumulated radiation dose (J/cm?) 0 (Control) 20 35 50
Survival rates (%) ( X £S) 100% 7345.2* 70+4.5* 68+3.8*
t-test, * P<0.05.
x4 EBREBAEX SMMC-7721 AREFEERMNE
Table 4 Survival rates of SMMC-7721 under different concentration of phycobiliproteins alone
Concentration of PB (mg/L) 0 (Control) 30 60 120 250
Survival rates of R-PE group after 24 h (%) 100% 99+1.2 96+2.1 92+0.9 89+1.9
Survival rates of R-PE group after 48 h (%) 100% 90+2.7 91+2.1 85+1.4 85+3.5
Survival rates of R-PE group after 72 h (%) 100% 84+4.1 80+4.2* 69+2.7** 75+6.7**
Survival rates of C-PC group after 24 h (%) 100% 98+1.3 98+1.8 95+2.1 86+2.4
Survival rates of C-PC group after 48 h (%) 100% 97+3.1 91+2.6 88+2.6 82+3.7*
Survival rates of C-PC group after 72 h (%) 100% 8745.3 75+3.6* 78+7.0* 73+6.3**

t-test, *P<0.05, **P<0.01.
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5004
Cmm[s: poplo Marker % Gated
E All - 100.00
0 apoptosis 27.61

0 50 100 150 200 250
FL2-Area

5005

Counts

All - 100.00
apoptosis 25.56

0
0 50 100 150 200 250
FL2-Area

5 PDT &2 4h RRYAMATE
Fig. 5 Apotosis ratio of cells 4 h later after PDT treatment.
600,

_Marker % Gated

Counts . ﬂDpUpwr Marker % Gated
4 All 100.00
0 -

050 100 150 200 250 < poptosis  32.34

FL2-Area
400,
Counts- apoptol‘l iL‘ MarkerA” %](églg({i)
2 .
O R e wovess 3154
FL2-Area

6 PDT &:I2 8 h REVMAMATE
Fig. 6 Apotosis ratio of cells 8 h later after PDT treatment.

600,

Countsd @popto, Marker % Gated
ou H]'L,\ Al 100.00

R S e e ¥  apoptosis 29.58
0 50 IOO 1‘\0 700 250

FL2-Area

600

E apoptosis 31.06

JO 100 l'\O 200 250
FL2-Area

7 PDT &I 12 h RRYAMAT R
Fig. 7 Apotosis ratio of cells 12 h later after PDT treatment.

8 Fapo to‘:fil Marker % Gated
(oums- Jf;' - —_AII 00,00

12 h

27.6% 32.5% 29.6(

C-PC

3 itk

12 Jicm?
78%!8,
Bcap-3
100 mg/L
S180
8113

100 mg/L

Bcap-3
He-Ne

SMMC-7721
250 mg/L

S180

S180

46%~81%!
4 h

31%~65%"1",

28%~68%!?!

30 mg/L
SMMC-7721

24 h

© P ERFERBEDARAATHKSHESR http:/

31.5% 31.1%

R-PE

100 mg/L

HR8348

28.8 J/cm?He-Ne

729!

25.6 Jlcm?

76%M,
75%!°!

He-Ne
85%  79%1

120 mg/L

73%  53%,

59%,

28.8 Jlcm?

79%~88%%°1,

69%~80%,

S180
4 h
120 mg/L
5%,
4h,

Journals.im.ac.cn

/journals. im. ac. cn



1422 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2009 Vol.25 No.9

24 h R-PE<
25 mg/L, R-PC C-PC<50 mg/L , Bcap-37
, R-PE=25 mg/L, R-PC
C-PC=50 mg/L (19
S180 [0l
2
SMMC-7721 31.54% 32.54%,
(Apoptosis)
[22]
[23] [24]
100 mg/L R-PE  PDT 4 8 12h
56.2% 82.2% 98.1%
3 1
HpD )
pH ;
1~2d
pH 5( pH )
pH 7( pH ) e,
REFERENCES

[1] Chakraborty M, Gelbard A, Carrasquillo JA, et al. Use of

radiolabeled  monoclonal  antibody to  enhance

vaccine-mediated antitumor effects. Cancer Immunol
Immun, 2008, 57: 1173-1183.

[2] Zhang JP, Xie J, Zhang SP. Photosensitive properties of

Journals.im.ac.cn

3]

[4]

[5]

(6]

[7]

(8]

[10]

[11]

[12]

[13]

two kinds of phycobiliprotein on photodynamic reaction.
Chin Sci Bull, 1999, 4(5): 495-498.

, 1999, 4(5): 495-498.

Dougherty T. Photodynamic therapy-new approaches.
Semin Surg Oncol, 1989, 5: 6-16.

Cai CE, Wu QL, Xu CH, et al. Advance of phycoerythrin
Lett 2004, 15(6):

as a photosensitize. Biotechnol,

629-632.

. , 2004, 15(6): 629-632.
Dickson EFG, Goyan RL, Pottier RH. New directions in
photodynamic therapy. Cell Mol Biol, 2002, 48(8):
939-954,
Sharman WM, Allen CM, van Lier JE. Photodynamic
therapeutics: basic principles and clinical application.
Drug Discov Today, 1994, 4(11): 507-517.
Bunke A, Zerbe O, Schmid H,
mechanism and stability of 5-aminolevulinic acid. J
Pharm Sci, 2000, 89(10): 1335-1341.
Thomas JV, Katrin Eichler, Martin GM, et al. Interstitial
photodynamic laser therapy in interventional oncology.
Eur Radiol, 2004, 14(12): 1063-1073.
Li GW, Wang GC, Lu L, et al. Effect of the photo
sensitivity of phycoerythrin on survival rate of human
Sin, 1997, 6(3):

et al. Degradation

tumor cell line. Acta Laser Biol
1119-1121.

, ) v R-

, 1997, 6(3): 1119-1121.
Li GW, Wang GC, Wen BG, et al. Phycoerythrin as a novel
photosensltizer applied in the photodynamic therapy of
cancer. Chin J Can Prev Treat, 2001, 8(4): 353—-356.

. , 2001, 8(4): 353-356.

Morcos NC, Berns M, Henry WL. Phycocyanin: laser
activation, cytotoxic effect, and uptake in human
atherosclerotic plaque. Laser Surg Med, 1988, 8(1): 7-10.
He PM, Xu SN, Zhang HY, et al.

efficiency in the removal of dissolved inorganic nutrients

Bioremediation

by the red seaweed Porphyra yezoensis, cultivated in the
open sea. Water Res, 2008, 42(4): 1281-1289.

Wang Y, Zhang LX, Cai CE, et al. Photodynamic effect of
two kinds of phycobiliproteins on human laryngeal cancer
cell line Hep-2. Biotechnol Bull, 2008, 195(4): 145-148.
Hep-2

195(4): 145-148.

, 2008,

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



SMMC-7721

1423

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Cai CE, Wu QL, He PM. Extraction and purification of
R-phycoerythrin in Porphyra yezoensis. Lett Biotechnol,
2005, 16(5): 518-521.
) ) R-
, 2005, 16(5): 518-521.
Galland-Irmouli AV, Pons L, Lucon M, et al.
purification of R-phycoerythrin from the red macroalga

One-step

Palmaria palmata using preparative polyacrylamide gel
electrophoresis. J Chromatogr B: Biomed Sci Appl, 2000,
739(1): 117-123.
Sui ZH, Zhang XC. Review on phycoerythrin research.
Marine Sci, 1998, 22(4): 24-27.

, . . , 1998,
22(4): 24-27.
O'hEocha C. Phycobilin In Physiology and biochemistry
of algae//Lewin RA, ed. New York and London: Acad
Press, 1962: 421-435.
Cai XH, He LM, Jiang JL, et al. Study on promotion of
laser therapy for carcinoma using phycocyanin from
Spirulina. Chin J Mar Drugs, 1995, 14(1): 15-18.

, 1995,
14(1): 15-18.
Chen XQ, Gong XG, Liang Q, et al. Photodynamic effect
of three kinds of phycobiliproteins on human mammary
cancer line Bcap-37. J Zhejiang Univ (Science Edition),
2005, 32(4): 438-441.
Bcap-37 ’ (
), 2005, 32(4): 438-441.

Huang B, Li ZG, Wang GC, et al.
and its

The experimental

research of R-phycoerythrin chromophore

[21]

[22]

[23]

[24]

[25]

[26]

polypeptides in the photodynamic therapy of cancer. J
Univ Sci Technol Chin, 2001, 31(2): 241-246.
' ) . - R

, 2001, 31(2): 241-246.
Huang B, Wang GC, Li ZG. Antitumor studies of
C-phycocyanin chromophore peptides mediated
photodynamic therapy. Acta Laser Biol Sin, 2002, 11(3):
194-198.

, 2002, 11(3): 194-198.

Kerr JF, Wyllle AH, Currie AR. Apoptosis:
biological phenomenon with wide-ranging implications in
tissue kinetics. Brit J Cancer, 1972, 26 (4): 239-257.
Vaux DL, Stresser A. The molecular biology of apoptosis.
Proc Natl Acad Sci USA, 1996, 93(6): 2239-2244.
Li GW. Application of phycobiliproteins in the
photodynamic therapy of cancer. Hefei: University of
Science and Technology of China, 1997: 84-86.

a basic

, 1997: 84-86.
Liao WJ. Clinical Photodynamic Therapy on Oncology.
Beijing: People's Medical Publishing House, 2006: 11-19.

, 2006: 11-19.
Li GW, Wang GC, Qi Y, et al. Study of morphological
mechanism on photodynamic Killing mediated by
R-phycoerythrin. J China Univ Sci Technol, 1999, 29(15):
560-564.
) ) - R-

, 1999, 29(15):

560-564.

Journals.im.ac.cn

© HERFRHMEMARTENATIKSHETR http:/

//journals. im. ac. cn



