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Abstract: To investigate the effects of astaxanthin on apoptosis and autophagy of testicular germ cell tumor
(TGCT) and the possible action mechanism, TGCT NCCIT and NT2 cell lines were treated with gradient
concentrations of astaxanthin. The cell proliferation rate of each group was detected by MTT assay, trypan
blue dye exclusion and colony formation assay, the cell apoptosis rate was detected by Annexin V-FITC/PI
double labeling, and the morphology of cell was observed by Hoechst33258 staining. The apoptosis proteins
(Bcl-2, Bax, caspase—3 and PARP), autophagy proteins (Beclinl and L.C3) and MAPK signaling pathway as—
sociated proteins [extracellular signal-regulated protein kinase (ERK), ¢—Jun N-terminal kinase (JNK) and

p38] and their phosphorylated levels were detected with Western—blot. The results showed that, compared
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with the blank control group, the proliferation rates of NCCIT and NT2 cells in the astaxanthin —treated
groups were significantly reduced, and their apoptosis rates were increased (P<0.05). The treated cells showed
apoptotic features such as smaller cell volume, obviously bright cell nuclei and nuclear condensation. The
expression of anti—apoptotic protein Bel-2 was down-regulated, and the expressions of pro—apoptotic protein
Bax and autophagy proteins Beclinl and LC3 Il were upregulated in the treated groups. In addition, astaxan—
thin increased the phosphorylation levels of ERK, JNK, and p38 in a dose—dependent manner. The results
demonstrated that astaxanthin could inhibit the growth of TGCT cell lines (NCCIT and NT2) and induce cell
apoptosis and autophagy. Its mechanism may be related to the activation of MAPK signaling pathway by as—
taxanthin.
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Fig.1 Astaxanthin inhibits proliferation in NCCIT and NT2 cells

(A) Cell proliferation rates detected by MTT assay after treatment with different concentrations of astaxanthin (0.1~0.3 mmol/L) for
24 h, 48 h and 72 h; (B) Cell activities measured by trypan blue dye exclusion after treatment with 0.2 mmol/L astaxanthin for 24 h,
48 h and 72 h; (C) Clonogenic growth of NCCIT cells treated with astaxanthin (0.1~0.3 mmol/L) for 7 to 10 days and stained by
crystal violet. Data represent the mean = SD from three separate experiments. "P<0.05 and “P<0.01, compared with control

group. Comparison between two groups was performed by ¢—test. The statistical analysis of the Figs.2~4 is the same as this one.
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Fig.2 Astaxanthin induces apoptosis in NCCIT and NT2 cells

(A) Morphology of apoptotic cell nuclei under a fluorescent microscope after cells were exposed to 0.2 mmol/L astaxanthin for 24 h
and then stained with Hoechst33258; (B) Apoptosis rates analyzed by flow cytometry after cells were treated with different concen—
trations of astaxanthin (0.1~0.3 mmol/L) for 24 h and stained with Annexin V-FITC/PL; (C) Expression of apoptosis related pro—
teins in cells analyzed by Western—blot after treatment with different concentrations of astaxanthin (0.1~0.3 mmol/L) for 24 h.
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Fig.3 Astaxanthin induces autophagy in NCCIT and NT2 cells

(A) Expression of Beclinl and LC3 in cells analyzed by Western—blot after treatment with different concentrations of astaxanthin
(0.1~0.3 mmol/L) for 24 h; (B) Expression of Beclinl and LC3 analyzed by Western—blot after cells were pretreated with CQ
(1 pmol/L) for 0.5 h, and co—incubated with astaxanthin (0.2 mmol/L) for another 24 h.
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Fig.4 Astaxanthin activates MAPK signaling pathway in NCCIT and NT2 cells
Expressions of JNK/p-JNK, p38/p-p38, ERK/p-ERK in cells were analyzed by Western—blot after treatment with different con—

centrations of astaxanthin (0.1~0.3 mmol/L) for 24 h.
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AT E S8 1o 22 1 A A= Kl 2 T R
T FOUT S AU FE AN MR 20 M A TE s . 25 SR
N, MR ZGT PO RR A A 5 A 2 o 2 VR,
HAX R R R R R 2 0.1 mmol/L ISR
FETE(E 1A) . SERETE LSS 2 RN, IR R e
W NCCIT 4 475 B 71 (K 1C), 0.3 mmol/L
W R AL FRAH 1Y 5 PSS 0T BRZH LA T R 50% o
P AN SR LE R R, 0.2 mmol/L 1
IR ZALHH NCCIT NT2 40 24 h )5, IE A%
A=, H AR B, AN R B T (R 2A).
TSN A G I 25 5 Gk, AN ) e 2 o 7 25 4 2
NCCIT NT2 4S5, 4R 1758 5 55 st fofst 1 4
1= (] 2B) o AT F 2T caspase B ALK
RN A, IEE O, caspase 851 PARP LA

TEMERRTAIE XA, A8 Tk A H2s
B b —2 caspase FAVIFIMIE . I, caspase
A PARP BYYIFIE 0 AT LA FH A 4 Ui 4 e 2 75 A
PAT . AW, HINRE RACFIANA, JUHE
e (0.2 mmol/L 1 0.3 mmol/L)AbHEHT, caspase—3
Je PARP BIRERGHI B W 2 A DRI A6 . RIS, MRS
FACHRA AN, HUIA TR Bel-2 W3 T,
PRIAT- 8 Bax 3 L. Bax il S2h AR
455, BB BYEIREE AL 5, S bk
JRAEIE, PR TR C A Smac/Dia—
blo SF R, MG caspase B N, FE
i caspase—3 VTG B IR L I 4H DNA A% R N )
Wi, & LA 2H DNA 22, [R5 7% DNA B 5
AHOCHE, & DNA B RE JIREAIR, TR REA 1k
— oA A2, Bl — RN TP T I R
R AR AR R, IFE R 7T DL 5
Bax/Bel-2 BLU{E, M TIGESEAR AL 120 %45
Y5 Hormozi S5 MR R 755 AN K796 41 i
Pk 1S-180 4N T-AY4E R —2L.

NG HUIE 25 R A0 M R — A I N 5
AN T SRS A WRIESET . H ERE 2 20 Y
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—Ff R HLE, Qe —Fh 5T IR R
PEFET-HLHI . Beclinl ZMHFLENYI T Atg6 1R
A, B ATG6/Vps30 7E ML s iy ]
T4, 2T A B AR 1 8 T 1 W A ¢
BE T AZRIY Beclinl RN F YK 17421,
HAAD =4 2 sl A W AR RS AR 1 R
LI REEE M T, Beclinl 07 4 PH B 450
B, Hrp44s Bel-2 454 451938 (Bel-2 homology
domains, BH3). Beclinl YE R —Fh H VR R,
] Bel-2 fift B AL R v REA AP AL . — it
BOP % [11(BH3-only protein)se 4455 Bel-2, fif
THRES; U INK-1 BERRTE Bel-2 A2
R ISR 5., BETRILIS 1 Bel-2 &5 Beclinl
HAMZEA RS RIEES, IWiisr e, /851
Beclinl 5 PI3K I /Vps34 FAH H.A/E F Jins, 5%
H WA & AR R, FRATTiE— 2D A IR 252 5
SN [ WERTE B bR A 8 BT LC3 1A Beclind
1K, Western—blot Z55H 7K, Beclinl ZEFAT LC3 1T
H P FRIE KT BEAR T 2R A 38R B 1 s T 44 v,
It HAERCA AWEIHIT cQ ABLE, PIFPEE A Y
FERAKT- 500 2% B A BT (g S, X A AR
HRIGFENA AR AN A AV, IFEER
JA¥% Beclinl 1 Bel-2 AR GY), AT
F1H W

YRR TRN R R A A2 2 A R R R £
FRE Y 7 B9VE D, MAPK {5 5@ B2 T 85 S
P Z—. MAPK ZUPHIE &2 M5 5@ g a
L, MAPK 38 [ 1) 32 24 FH R R ISR 22 14 I e 46
S i 55 B4 . MAPK 15 5l A 34
FEFEM A : INK .p38 A1 ERK. {EALI INK F1
p38 I 3E A A4 5 R TR DR SR PR TR Bl L
JA1Y Bax Bel-2 Fl caspase £ [, fEF4HAIIR T2,
ARG R R, 525 X IR g, b
WG R AL B A EE N, INK 5 p38 ZR IR IA
KT AR, T p-INK Fl p—p38 HFIAIFRIA
ARV 3, X PR ER RS S INK 1 p38
PRI T A OCER 1 T, T AR T Ak,
Bifi 75 R 7 2R AL B B (S iN, ERK 2R 1 2RaB 7K
BTG E ARk, 1 p-ERK . BYYIRY PARP LA K
Beclinl 1 LC3 I BYERIAK 3N, $R IR R e
#t NCCIT . NT2 40P ERK MIBERRfL, nlREdkE
ERK/MAPK i, 1L caspase-3, HEMiBYUIPARP,
PEUEAN MR T, RIS R A AR DG EE (R Le3 1T
Fl Beclinl AUZIR, AT 400 A 1.

LR LRI, AT SCIR A RIS, U R
T E MAPK {55 18 B 75 5 58 AU A 58 20
MBI TR AWE, 2, AT S I
PR, WFFEUR T 2SR W il 77) e 5l )
BIRCR, SR AU DR Je T A A 2L
S8 RS BB HEA
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