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Abstract

AIM: To observe the effect of shikonin on the
growth of co-stimulated human cells and the cy-
totoxicity of co-stimulated cells to gastric cancer
cell lines NCI-N87, BGC-823 and HGC-27, and
to explore the underlying mechanisms.

METHODS: Peripheral blood mononuclear cells
were separated form healthy volunteers and in-
duced with various cytokines (CD3 mAb, IL-2,
IFN~y, IL-1a, CD28 mAb, IL-15 and IL-21) to re-
sult in co-stimulated human cells in vitro. After
co-stimulated cells were incubated with shikonin
of different concentrations for 24, 48 and 72 h and
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co-cultured with the three gastric cancer cell lines,
CCK8 assay was used to assess the proliferation
of co-stimulated cells, and MTT assay was used
to measure the reduced rate of growth of gastric
cancer cells. FCM was used to detect the expres-
sion of GraB, PFP, CD107a and IFN-y on co-stim-
ulated cells before and after shikonin treatment.
LDH release assay was used to measure the influ-
ence of shikonin on cytotoxic activity of co-stim-
ulated cells to gastric cancer cells. Western blot
assay was used to measure f3-catenin, P-ERK1/2,
Bcl-2 and P-AKT expression in co-stimulated cells
before and after shikonin induction.

RESULTS: After incubation with shikonin at
concentrations ranging from 0.2 to 50 pg/L for
48 h, the proliferation rate of co-stimulated cells
increased significantly (P < 0.05). The expres-
sion of GraB, PFP, CD107a, IFN-y, B-catenin,
P-ERK1/2, Bcl-2 and P-AKT on co-stimulated
cells treated with shikonin at concentrations
from 6 to 25 ug/L were significantly higher than
that in the control group (P < 005). In addition,
the cytotoxic activity of co-stimulated cells treat-
ed with shikonin against the three gastric cancer
cell lines were significantly higher than that in
the control group (P < 0.05).

CONCLUSION: These results suggest that shi-
konin can promote the growth of co-stimulated
cells and increase the cytotoxic activity of co-
stimulated cells against gastric cancer cells via
mechanisms possibly associated with enhancing
the activity of B-catenin, P-ERK1/2, Bcl-2 and
P-AKT expression and increasing the expression
of PFP, GraB, CD107a and IFN-y.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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Fik: r BRI L EANA LR, £
N2 CD3 % 2 £ AR (CD3 monoclon
antibody, CD3 mAb). & /~Z2(interleukin-2,
IL-2). F#kZy(interferon-y, IFN-y). @/~&
la(interleukin-1a, IL-1a). CD28 mAb. IL-15
FoIL-21 3 R 5 A AL RBmie, T 7 Rk
BRI FHSFALR B o3k B B Al
24, 48, 72 hig, Ktk wed i (cell counting
kit-8, CCK8) kil A3kl 38k 4m L3 78 &, vo
W & 1% &4 35 (colorimetric methyl thiazolyl
tetrazolium, MTT) &AM § & @ ie o 2p45) &
AR AR (flow cytometry, FCM)#&m A 2k
R 4w O BE B (granzyme B, GraB). % il
% (perforin, PFP). CDI107a. IFN-y#9 &iA,
Western blot# M A 3R] % 2 i B-catenin,

P-ERK1/2. P-AKT#=Bcl-269 & ik, SLBR LA
Ba#EA% % (lactate dehydrogenase, LDH)# ] %
FFxT AR e an A A 30k B am Y
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R Z2¥¥ 55548 hie, Aplgmie
0.2-50 pg/LKEZ4A3g 5890 2(P<0.05), 6-25
ng/L# E 28GraB. PFP, CDI107a. IFN-yf=
B-catenin. p-ERK1/2. Bcl-2. P-AKT# &
ik 2% 5 T2 B8 4A(P<0.05), HAFNCI-N87.
BGC-823. HGC-2744 A4 &k ot B 2035 7%
(P<0.05).
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1.2.1 Akl am Ao o 3% A U4 38 40 )l
100 mL, k40 53 B9 5 B9 45 21 5N A% 4 i,
RPMI 164055 727 (S TFN-y 2X10° U/L. 10%/)
MG . 5% NABIILIE ) 1 2 40 i k5 X 10%/L,
PR T oL, B37 C. 5%CO 5 F540 h 1% 5524
hiGWCEE 4N, FHRPMI 164058455 3590 (5 10%
INEIME . 5% AABIE IL-1a 10 pg/L. IL-2
5X 10" U/L. CD3 mAb 1 mg/L. IL-15 20 pg/L-
IL-21 10 pg/LATCD28 mAb 10 mg/L) i %41 fitd %
HSX10°L, Bt F6fLMR, T37 T, 5%CO,55
FRATP R TR, BRI IR AL IL-15. 1L-21,
CD28)1X.

1.2.2 CCK8E i % 3 Z b A& # ik 2m i 4 K
9% i CAERSFR 10 di AL g, 1X 10%/L
Il B B A T96 7L, 200 wL/FL, MK H %
(BHPE A0, 0.1, 0.2, 0.4, 0.8, 1.6, 3. 6.
12.5. 25, 50, 100. 200. 400 ug/L), ¥ 5 24.
48, 72 hJa, BFLINACCKS8 10 uL, 37 CH¥H4 h
J&, T EEFRAX450 nmAb A I #5FLIBOG L (A) (. B
3R AR = (SERA R AR )/ O A M)
X 100%.

1.2.3 MTT#HARR F FH 234 B R amie £ K6
#v: HGC-27. BGC-823. NCI-N874H/LA1
X107, 2X10% 5X 107/L41 i %2 54 Fh 196
FLAR, 200 pL/AL, IIASEEZROREL S50 40,
0.1. 0.2, 0.4, 0.8, 1.6, 3. 6. 12.5. 25,
50. 100. 200. 400 ug/L), ¥ 724, 48. 72 hJm,
FEALIIMTT 20 uL, 37 ‘CHF 4 h)m 7 L, 4l
JIADMSO 150 pL, Ui PR fa T BEbR X
450 nm bR FLAE. 2R (%) = O IRA -
SEIGAE )/ (4 A ) X 100%.

1.2.4 FCM#& % 3 & 2t A 2 ) s j
CD107a. GraB. PFPAeIFN-y& ik #9%wm: L
CRTZ(BIREESMM0L 0.4 1.6 64 25
100 pg/L)i75 548 hJi (1) ALl e, 1240 i
A1 X 107/L, BL100 nL4I AR, N APerCP-
CyS5.5/ L CD3 B RMFITCHRILCD5 64T
%20 pL, HEECHFE30 min; (1) TN
CD107aff & A APCHRIC I Bt Aanti-CD107a
5 uL; QM THGraB. PFPAIIEN-y[{14, TIA
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uL A SEFRIB, 7] 43 4 i Aanti-GraB-
PE. anti-PFP-PE Flanti-IFN-y-APC#-5 uL; ¥
B R BO6 EPTARE, JERIPEE 15 min, dal4
A(flow cytometry, FCM)#il/CD107a. GraB.
PFPFIIFN-y 55 5.
1.2.5 LDHAB A sk A i) A 2= R 38k 2m B0 5 A% 76
WCEERT 10 it N SLRIEAN i, 2 X 10°/L.40 fa %k
IIAN6FLAR, 3 mL/AL, 1N EE B 28 (LR FE 53 A
0. 0.4, 1.6. 6. 25. 100 pg/L), K57#48 h, &
AR N LA P AR D RO 48 . BVHG C-27
BGC-823FINCI-N874H ML 52 X 10°/L4H fifd
A B, KR A SR LR A, E3T C
5%CO M T IFF 6 hER &, B Lk, #%LDH
TR U W SR A, 7R AR HT (X340 nm
MM EALE. RTREPE(%) = (A S5 4L-A RN 4
JH SRR T )/ (A B 4 i me KR TS A -A ST A i
HARBR A1) X 100%.
1.2.6 Western-blot#inl 4 3 Z 1k A 87 & A& ik
4m fp-catenin. P-ERK1/2. P-AKT#»Bcl-249 &
K PRI 10 I AL i, 5 < 10%/L41 L
FEFPT6 LI, 3 mL/AL, I EERE 3 (LM BE 43 5l
40y 0.4, 1.61 6. 25, 100 pg/L), k77748 h)m,
WA N IL A0 i, SR 1, BCAVEIINER K
B, BRI\ BT AL EE 30 mL, 2S5 min, {45
VKIE B FAE 40 ng i ASDS-PAGEFE i fL I, HL
UKJE T R BTN -, Pl L
B E A RO, AT, Imagel B 204 K FEAE.
Beit A3 R AESPSS13.0MH T 4i 12
AbFR, T8 R R flmean + SDE R, £ 411K H
LR 255 2293 T (One-way ANOVA). P<0.05 4 %
RAESZIFEX.

2 BR

2.1 AR ey Ri9RET, PBMC
HCD3 ' CDS56 TN Lk Bl <4%, B53710 dJ5
CD3'CD56 T4l L4l 3 22 42.31%, {5 & W fsT
LS I 55 10K I AL A0 i T A& an 1A,
FCMAST I L3035 40 a2 4 CD3'CD56 &Ik tn
Kl1B.

2.2 CCK-8#ml &5 R Hxf AL, WEN
0.4-50 ng/LIEF R T AN ISR B fu24 .
48, 72 hfid, NILHfIEAn fa s i W . (P<0.05); AH
) R TR SR B 2R T, 48 ik A 5 4m it
Wk B, 524, 72 WAL H SRR X
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20 0 P A A A 3 Ba i 58 R 5k B 1 hn i BT
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B, B W32 H(P<0.05), 45 RAnK2B. HH %K
WL A100-400 pg/LIN, SHZABGC-82341 M

(49

kR £ 3

Baishideng® WCJD | www.wjgnet.com

] 5 (P<0.05), L HZWKEAH R I, BGC-823
AN HIZ 72 hadlik s, 524, 48 h4ll
Eig, ¥4 B35 2 7 (P<0.05)(K2C). xR
LA, 0.8-400 pg/LIF 25 HZATHGC-274M il BH &
(P<0.05), HHGC-274H i (1) A= KA 1) 2 25 it 25 1L
RWER I BTt SR F IR LA A I, HGC-27
AN HI A 72 hadlik i, 524, 48 h4ll
AR, ¥4 18 25 22 57 (P<0.05)(EI2D).

2.3 FCMAa M 455 5 A Ll i Al i JL 85 7
48 hJri, NILHI#4N fEGraB. PFP. CD107afll
IFN-y [ R AR R T, HoM25 png/Lilk)E

WA #H G 5

AL B RBRE
A SOPNEX 4
o JiL 3G AH & 0
oy, JEAR IR E
F AR A
4m ML 3G TH R 5%
NES P &)
55 R Em
JANCI-N87, 1%
2L B & e
BGC-823 4 k
2L B & m e
HGC-27 %44 &k
W%, WHF R E
P oh i R ILARE.
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i, 5 AR B AU LU AT BT 2 2 i (P<0.05) (&
3E).

2.4 F A E AR LN [R KRR R AEH
48 hfm, NILEAan x5 9 40 N CI-N8 7.
BGC-823 FIHGC-27 1) 4477 1% 1 Bl 45 25 W ik %
(118 0 TR 8, YR BEAEG /LN A% 95 T I gt
g, 435 455.30%. 50.82%. 60.86%, 0.4-25
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ug/L, S50 LLER, 72 57 1 3 (P<0.05)(J¥13F).
2.5 Western blot#l ANFEIWKEFSE R 2Z/EH48 h
Jei, NFLJan o B-catenin, P-ERK1/2.
Bel-2FIP-AK TH 11K R TE AN [R) R B2 3 vy, 25
#1.6-100 ng/LIYB-cateninff 1A & T4 4l
(P<0.05); %1 26-100 png/LIFP-ERK1/2f(1 315
i T A (P<0.05), H.100 pg/LEP-ERK1/2%
ik RH2£0.4-100 pg/LINBel-2ff ik m T
X A1 (P<0.05); 6-25 pg/LIFP-AK TR L& T
X B2 (P<0.05)(1&]4).

3 17E
N IEHSE AN i £ PBM CHE RSP £ Fh 41 i A 1
CD3 mAb. IL-2. IFN-y. IL-la. CD28 mAb.
IL-15HITL-2135 510 dJ 0 K15 0 5 928 2508 41
Jfi. ICD3 mAb. IL-2. IFN-y, IL-la. CD28
mAb. IL-15FIIL-21 7] LAA- T M 395, 2
TETAH M A B3 s PR R s P, IR L4 b
IFN-y X TNF-o 5541 A -1~, B LA L4
(10 28 L R 40 0 M R C TR 40 P ) 4 ™.
Liu% A AMIF 50 R I 7 e an o %o fig oA
FHISGC-7901. SW-1990F1S W-11164H it fr 144
B, A EE P T ERYE TCD3'C D56 T4l Y
Eb A9 4 CTR 4 B B S 488 T, A 526 %% 310,250
wg/LEE R AR N IL 034 e 48 hs g W 24
HEICIE A, 1 g N o A P s S A ) o
Pt

PFPFIGraB &b b T4 ML i B 48 %A
(natural killer, NK)4H }t & #5410 o 75 M4 FH 1) &
TN A, IO [ 2 4 A L D e L
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AT b h EEME S5 iz —, 1
hfie EZRIN 5 CD28 P AR5 5 — e ik
T3S Ak Y95 Y18 R OE T4 i 1 5 R -
SR TN M S L AT ek W T
5 e R O A T AT TR R D T e Ak DL
PiP53. Fas®if FHUTAN M - LS. ZE 40 i
JHT I FE T, Bel-2 /24l st i s i N, I
AL R ET AN M 1 195 A %4k, B-cateninffi%
WBGRERK ST, dEin LiAPLET- 2 FBcl-21
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P-AK Tk 5 G2 40 W8 5 J s A0 i 2R
AW ISR B3R R AN TR R 4 ey A i e
Mip-catenin, P-ERK1/2. Bel-2. P-AKTHFKIA,
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ifiB-catenin. P-ERK1/2. Bcl-2. P-AKT{5 5l

WCJD | www.wjgnet.com

A K.

BN, B BE AR N L A i 1 i O
P HoR e, FOAT BE LA 5 R R RE O
B-catenin. P-ERK1/2. Bcl-2FIP-AKT/5 51
P ALk NS G 5, $2 5 GraB. PFP,
CD107aFMTF N~y 1k {2 Aol 3 am i x5
I ARG TS PE, B A B 5 AN A A T A
A B e ) SR B 1 A B 3t O A L

4  SEIER

Yang Q, Jie Z, Cao H, Greenlee AR, Yang C, Zou
F, Jiang Y. Low-level expression of let-7a in gastric
cancer and its involvement in tumorigenesis by
targeting RAB40C. Carcinogenesis 2011; 32: 713-722
[PMID: 21349817 DOI: 10.1093/ carcin/bgr035]

2 Li XD, Xu B, Wu J, Ji M, Xu BH, Jiang JT, Wu
CP. Review of Chinese clinical trials on CIK cell
treatment for malignancies. Clin Transl Oncol
2012; 14: 102-108 [PMID: 22301398 DOI: 10.1007/
$12094-012-0768-4]

3 Ma Y, Xu YC, Tang L, Zhang Z, Wang J, Wang
HX. Cytokine-induced killer (CIK) cell therapy for
patients with hepatocellular carcinoma: efficacy
and safety. Exp Hematol Oncol 2012; 1: 11 [PMID:
23210562 DOI: 10.1186/2162-3619-1-11]

4 Tumeh PC, Koya RC, Chodon T, Graham NA, Grae-
ber TG, Comin-Anduix B, Ribas A. The impact of ex
vivo clinical grade activation protocols on human
T-cell phenotype and function for the generation of
genetically modified cells for adoptive cell transfer
therapy. | Immunother 2010; 33: 759-768 [PMID:
20842061 DOI: 10.1097/ CJ1.0b013e3181f1d644]

5 Shi L, Zhou Q, Wu ], Ji M, Li G, Jiang J, Wu C. Ef-
ficacy of adjuvant immunotherapy with cytokine-
induced killer cells in patients with locally ad-
vanced gastric cancer. Cancer Immunol Immunother
2012; 61: 2251-2259 [PMID: 22674056 DOI: 10.1007/
s00262-012-1289-2]

6 Wang R, Yin R, Zhou W, Xu D, Li S. Shikonin and
its derivatives: a patent review. Expert Opin Ther Pat
2012; 22: 977-997 [PMID: 22834677 DOI: 10.1517/13
543776.2012.709237]

7 Wang HB, Ma XQ. [Mechanisms of (2-methyl-n-
butyl) shikonin induced apoptosis of gastric cancer
SGC-7901 cells]. Yaoxue Xuebao 2012; 47: 816-821
[PMID: 22919733]

8 Long S, Guang ZY, Bao JG, Wei X, Yan YH, YingLi
W, Yang Z, Li HL. Shikonin derivatives protect im-
mune organs from damage and promote immune
responses in vivo in tumour-bearing mice. Phytother
Res 2012; 26: 26-33 [PMID: 21538626 DOI: 10.1002/
Pptr.3503]

9 Ramanathan S, Dubois S, Chen XL, Leblanc C,
Ohashi PS, Ilangumaran S. Exposure to IL-15 and
IL-21 enables autoreactive CD8 T cells to respond
to weak antigens and cause disease in a mouse
model of autoimmune diabetes. | Immunol 2011;
186: 5131-5141 [PMID: 21430227 DOI: 10.4049/jim-
munol.1001221]

10  Liu JQ, Zhu Y, Chen FX, Zhang NZ, Lv XT, Zhou
ZH, Zhang ], Zhang S, Tao ZZ, Li Y. [Co-stimulation
of multiple activating factors on proliferation and

2014-05-18 | Volume 22 | Issue 14 |



B

T, F. RERNWAHREUBRA O S RAEnsIn A )

1991

11

12

13

14

15

16

phenotype of T lymphocytes in peripheral blood
in vitro]. Xibao Yu Fenzinianyixue Zazhi 2012; 28:
367-370 [PMID: 22482405]

Pievani A, Borleri G, Pende D, Moretta L, Rambaldi
A, Golay ], Introna M. Dual-functional capability of
CD3+CD56+ CIK cells, a T-cell subset that acquires
NK function and retains TCR-mediated specific
cytotoxicity. Blood 2011; 118: 3301-3310 [PMID:
21821703 DOI: 10.1182/blood-2011-02-336321]

Saito S, Murakoshi K, Kotake S, Kamatani N, To-
matsu T. Granzyme B induces apoptosis of chon-
drocytes with natural killer cell-like cytotoxicity in
rheumatoid arthritis. | Rheumatol 2008; 35: 1932-1943
[PMID: 18785318]

Brown DM, Lee S, Garcia-Hernandez Mde L, Swain
SL. Multifunctional CD4 cells expressing gamma in-
terferon and perforin mediate protection against lethal
influenza virus infection. ] Virol 2012; 86: 6792-6803
[PMID: 22491469 DOI: 10.1128/JV1.07172-11]
Parkinson-Lawrence EJ, Dean CJ, Chang M, Hop-
wood JJ, Meikle PJ, Brooks DA. Immunochemical
analysis of CD107a (LAMP-1). Cell Immunol 2005;
236: 161-166 [PMID: 16168398]

Becker C, Lienenklaus S, Jablonska ], Bauer H,
Weiss S. CD8(+) T cells armed with retrovirally
transduced IFN-gamma. | Mol Med (Berl) 2007; 85:
63-73 [PMID: 17109130]

Chen HM, Wang PH, Chen SS, Wen CC, Chen YH,

(49

Jaishideng®

T

e WCJD | www.wjgnet.com

17

18

19

20

21

Yang WC, Yang NS. Shikonin induces immunogen-
ic cell death in tumor cells and enhances dendritic
cell-based cancer vaccine. Cancer Immunol Immu-
nother 2012; 61: 1989-2002 [PMID: 22527248 DOI:
10.1007/s00262-012-1258-9]

Raman M, Chen W, Cobb MH. Differential regula-
tion and properties of MAPKs. Oncogene 2007; 26:
3100-3112 [PMID: 17496909]

Norambuena A, Metz C, Vicufia L, Silva A, Pardo
E, Oyanadel C, Massardo L, Gonzalez A, Soza A.
Galectin-8 induces apoptosis in Jurkat T cells by
phosphatidic acid-mediated ERK1/2 activation
supported by protein kinase A down-regulation. |
Biol Chem 2009; 284: 12670-12679 [PMID: 19276072
DOI: 10.1074/jbc.M808949200]

Gattinoni L, Ji Y, Restifo NP. Wnt/beta-catenin
signaling in T-cell immunity and cancer immuno-
therapy. Clin Cancer Res 2010; 16: 4695-4701 [PMID:
20688898 DOI: 10.1158 /1078-0432.CCR-10-0356]
Wang X, Hao ], Metzger DL, Ao Z, Chen L, Ou D,
Verchere CB, Mui A, Warnock GL. B7-H4 Treat-
ment of T Cells Inhibits ERK, JNK, p38, and AKT
Activation. PLoS One 2012; 7: e28232 [PMID:
22238573 DOI: 10.1371/journal.pone.0028232.]
Charo J, Finkelstein SE, Grewal N, Restifo NP,
Robbins PF, Rosenberg SA. Bcl-2 overexpression
enhances tumor-specific T-cell survival. Cancer Res
2005; 65: 2001-2008 [PMID: 15753400]

i W% Bp L

2014-05-18 | Volume 22 | Issue 14 |



