Hans Journal of Food and Nutrition Science & /-5 5788} 2, 2019, 8(4), 258-266 Hans )0
Published Online November 2019 in Hans. http://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hifns.2019.84034

Research Progress on Anti-Tumor Active
Ingredients and Anti-Tumor Mechanism of
Cordyceps militaris

Ting Xiang?, Chen Xia?, Jianfu Shen?!*, Chaoran Wang?3

1College of Biosystems Engineering and Food Science, Zhejiang University; Natural Products and Human Health
Research Center, Hangzhou Zhejiang

’Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian Liaoning

}|nstitute of Biomedical Innovation, China National Pharmaceutical City, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Taizhou Jiangsu

Email: t_xiang_2013@163.com, ‘shenjianfu@zju.edu.cn, werpj_505@dicp.ac.cn

Received: Oct. 18"’, 2019; accepted: Oct. 31“, 2019; published: Nov. 8"’, 2019

Abstract

As a valuable biological resource, Cordyceps militaris has certain medicinal value in the field of an-
ti-tumor. This article firstly organizes the active ingredients with anti-tumor effects in Cordyceps
militaris, such as cordyceps polysaccharides, nucleosides, proteinaceous substances and sterols.
Secondly, according to the broad-spectrum anti-tumor effect of Cordyceps militaris, its direct or
indirect anti-tumor mechanism is classified and summarized, including inhibition of sputum, DNA
and RNA biosynthesis and protein translation, induction of tumor cell apoptosis, regulation of cell
cycle, inhibition of tumor cell metastasis and invasion, improvement of immune regulation, en-
hancement of sensitivity of drug-resistant cells, and the like. Finally, on the basis of summarizing
the previous studies, the paper puts forward the focus of future research on the anti-tumor effect
of Cordyceps militaris, and explores the research on anti-tumor of Cordyceps militaris.
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1. 5|8

U LB (Cordyceps militaris (L.) Link), X bR, JbA REFL, RIRA I d 702 2df h R 1R s B
O JE BT G SRk, SR BT BUE T (Eumycota). T 2215 | J(Ascomycota). T2 1| ](Ascomycotinia)
#% 7¢ 1 4 (Sordariomycetes) « Al J# B W 4X (Hypocreomycetidae) « WA J& & H (Hypocreales) - H & &}
(Cordycipitaceae). HFELJ&(Cordyceps) [1], &H B @I F KB AM . FAE 1986 4, thRIFiH D& 1
W N TR A (2], AHEG TR AR R A B B, N 8% & 0 o B DR 2L AT A () (R 4 1 o RAR A I A2 )
O3], BN & B B R A

Ot B SRR B 22 A (R R EAE R B SCR TR IE, AHLE T 0T AT SR G va 7 B 1 i
AT, WA — R ORAR B 25, B2 4. BWER/NE A BT 1997 4, EE NCI
RAE B R GIN 18 MU 253k T R W IE, IF-5 B SR E R 7T R ik i 2% b O (BMO) B A1 1 3L 7]
WESE [ BN B R R AR 25978 BT, DARBLERON 3 BRI E R 2 it N = I IR
[4]. BRIHEAT G PUMEETE, i B N H R AT SOA)2  ARSCIRIE AT NI SRR, %
B B HUM AR S T 34T T RE MR Sy AR, HLRR 1 UM B R, A JE TR
N A A e HUOR £ 2 AN EAE S5

2. AR ETDEEYR S
2.1. BHE%E

i 1 B A AL YR B PR TS T — BT A B, i MTT ¥ SRB A, R B HL 55
2R ok N3 R e 4 i A431. N E 7 diffs HT-29. A B4l HGC-27. AT B €0 2% 4 g
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A-375. N2PEME A M40 CCRF-CCEM. A M@ 4 NCI-H292. AZL A M4 K562, A4t
i HepG2. NE#HELNN HeLa. A BN MGCS80-3. A KNIt 40/ NCI-H460. A FL AR 401
MCF-7. NAE/N Rt A0 AS49 DL RN B A i A498 S B A MRSMISIAER, ik B BT b A% 1 25
JREA T RS ERS].

HEFK (Cordycepin), B 3>-RANREF, AT 1950 45 MG B B 15 92 W b 20 B8 R BT A3 [6]. K&
WFFCIE B B X AT . Bl FUIRE. Kipie. Sie. S0, FORIVE. TeRsalEa RIrr
PIHIVER . Tk, F RS N SEREHARNT T IR R AEWH R BT (AR S VLR, IR IR A A K
PR B AR R A U B N IR [ 7], BRERFE AL, WFFCN SLIE I GRS A S T R R R 5 4
15 P B R Fe S g, Wl 1 BR(8] [9].
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Figure 1. Chromatography profile of nucleoside standard product (A) and sample of
Cordyceps militaris (B). 1: Cytosine; 2: Uracil; 3: Cytidine; 4: Hypoxanthine; 5: Xan-
thine; 6: Uridine; 7: Thymine; 8: Adenine; 9: Inosine; 10: Guanosine; 11: 2’-deoxy
guanosine; 12: Thymidine; 13: Adenosine; 14: 2’-deoxy adenosine; 15: Cordycepin;
16: N6-(2-hydroxyethyl)-adenosine

E 1. ZEERAOFBREFRB)BIEE 1: MEEE; 2: FRIEWE; 3: BH;
4: RAEIEG; 5: RAIES; 6: FRE; 7: BUBRIENE; 8: BRIEMS; 9: ALE; 10:
BEF; 11: 2-BREEE; 12: {E; 13: BE; 14: 2-RERE; 15: AEE;
16: N6-2-#2ZE)RE

2.2. HEZHEA

RO RS B, AP T B R 22 R 0 RO ST WA B R R LA S N T A R R R
AEI KBS B RS R B IR IE . BRI I SR A AR N[ 10]. SRR R S5 A%, @ R
ZARPERATIR, HAEVISES S TEIDN g, FEFE. F2KE. BEE. 2EUA=
YELER B DA

ISR NGKIREEDT MR A L8, DEAE-52 #2477 & Sephadex G-100 #t— 5 Z 7
M ERRE - ST S B 22 B AL 5 CP2-c2-52 [1170 AT KB A5 A M HR A ] R Ji 35 77 Bk v o0 s e 15 3 %2
B CMMSP1, & LLAMERE /AT H B BRI 45 M [ 12]0 SCHR[13] [14] [15]7, W70 N 53 A HRURE e 4y 25
He e NI Z BE(CPS-1. CPS-2. CPS-3. P50-1. P70-1 Al P70-2), &AkAMAAL SR KB P70-1 B
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THERER B HFERETE, 1Cs 164 0.548 mg/ml. HHT, é*%&tﬁﬁé%ﬂ%%ﬁL@%ﬁWCBpso[16] MCMP
[17]s CMP-W1 F1 CMP-S1 [18]%, i dt %5 2 Wi GE08 B B4 Iopg 4l a3 5 . 5 S0 00, b pedid i
WS R G, AN R A A . R IR RN RE

2.3. HEEE

%, B}A@EEEP%%*%%%W@ 10 Fh S B S HAT AR, B8 22 A . 2 A SR A . IE
B, B-1F ESWE. R M. SRS I, CECRKF I, 7-MUE S EE . M E-7,22- 2 0-3B,50,6B- = 5,8~
T A K -6,22- 0 -3-BEAE[19]. ﬁtiﬂ F A EBEAE S VD2 BITTRY) BT, A T TR 4H 8 1) 2 2 ol
YR, ZuFB A UM E R [20].

2.4. BARMZRE

I AR AR B R T 8 E (C. militaris immunoregulatory protein, CMIP)REMSHNH] 4T 1 FL AR 41 J 542 P il
HR[21]. 4 HELEE F(C. militaris protein, CMP), 2R 4MJF FAIE B X N FL e R0 5 bk Jes 2L AT &40 ff 2544 4
2210 SCHER[23]HWF TN 5L L BEAH IR o 4 B BIPRRIORT I 2 k. K F (DA TR G (2), AR =
SR ER: PRIK AG) AR C(AMUTREE(FF 2L IZ IR (5), HAMIERE 2. H3 ik F A1 G
WAIEWIXS Hela A1 MCF7 40 5% B AT AN EAE T o SCHR[24] T A& JUF RSB 2238 LY BCC 16173 4 5
33 )i R EZ K A (Cordyheptapeptide A)FI—F#T i R 2 JIk B (Cordyheptapeptide B), HAHifw Al
R S
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Figure 2. Structural formula of Cycloaspeptides F (1), G (2), cycloaspep-
tides A (3), C (4), and bisdethiodi(methylthio)hyalodendrin (5)

B 2. AR F(1)s G2) IRk AG)\ C(A)RFE(FAFE)IZERREES)
EOEETIAEN

2.5. B

I R R TR A A A B AL EE(SOD) [25]. SOD 1 N—fMptéa b, EAVEREE HERER, o
TG0 SE A NS N5 5 ) DNA 45495 K F X A S 5 4% S 00148, 78 g 4 Bt ) A2 R0 g ik e o i o B2
fEFI[26].
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2.6. ElF3

R AV RE S e MR A T, RN 2B 2% IE H A U T . Choi 28 N TERF 70 IH USSR 35 Rk 2F
KA AR A 2 ok R b R B DY b R A R S B R R & PR H [27] . Kim 58 AN 5K L glycitein
7-O-beta-d-Glucoside 4"-O-methylate (CGLM)f¢i#H i BH T NF-kappa-B 1 p38/ERK MAPK #&4%, Tiff
COX-2. MMP-9 fl MUCS5AC JEK ik, 18 NCI-H292 4 %52 3 Je A K A T(EGF) % S 445 28]

3. W E R AEYLEIRA R
3.1. EEMEER

3.1.1. MHIEIS SRR, DNA 1 RNA £ MERERERREF

BEANAIARG, MR BRI S B RREE . 5 BERRIRAN S = RERR L, WERRIL G A R KA
FOHI R bE R FE R BRI AN 5 - RRAZ WE AR RR A AL RGP, AT 0 R P 1) 5 S, 3 T 44 1) e 8 40
DNA & H[29] [30] [31]. 7E RNA &g i, mB eSSy al B IEE 1, 52
T2 1 E 5 53 Jeh R [32] o HRCRE 23 i 400 b A T AR B 1 0 9405 i, 70 U e 8 200 398 28 R 2 A7 P o 75 AR T i 428
A& H TR R PR R - ALH i T R i —

3.1.2. ESMHEMARAT

SR E T2 B RS — A B AP B RIS EOE . REMilE. 50
HRIFSHRA IR T AHRRE SIEEFEER NF«B 518K, 22151 5E A3 (mitogen-activated
protein kinase, MAPK){& 5 il . PI3K/Akt {5 5@ K. Hoh, BRI AR & 2R 55 1 B 5 % (caspase)
Bel & H RSS2 Mo 4 g T R b B AR

T 9 A A SR s B — b 7R B 2 CSPS-1 ZE IR FE A 150 300 g/mL % S-180 2 (i 1
F A 5-Fu s 3.96%M1 53.17% [33]. HEZE A5 c-Jun 25 B (c-Jun N-terminal kinase, JNK)
WG AN p38 A MRS TE, B Bel-2 FOE TR T [ Bax I9RIA[34]. Bax AWML RL, W
| RA R It 2R C R AT LR R R AR IR & I 8 (caspase 8)E AT, W& NiF
PTHAT R 7, BERCE IR A = R E B 3 (caspase 3), FAFUE M4 T,

3.1.3. BEARERA

2 S S 2R L 2 5 BB 00 B s A A B e e 4 P T R S, e R 4 e R ) 240 R A
SEREFCFT KRBTSR 25 10— R EE . 20 R A 3 B O PE B8 (cy clin-dependent kinases, CDKs)/2& H R 1
(R, e T LATE S M HT A 171 B B AgoAE R (4 4 M &) 191 2 (1 (cyelins) BTG, 70 200 M & 10T 4 o
L RV

WAL I p2IWAF1 FE[RIFk, )40 i 5 3 2 5 52 A (cyclin BI/CDC2))#ik, T84 i Jd
FABHAE T G2/M 11, S &Ml 45 g 40 M 3 B [35] 0 FEMF UMM i LA R B, BB T Ras 4140
A B 1 (extracellular regulated protein kinases 1, ERK1){5 5 @ i p27KIP1 A, Hi 40 i & 3
FEAHE AR (cyclin E/CDK2)RIE, SFEENIE AR T G1/S #A[36]. FH4ak, FEHNH] A i 40 i A4 i ik
FErp, HOEZFIE A LA e p53 B A MG ISk ANH] cyclin A2, cyclin Ev CDK2 fJRIE, M52 4
FMEAE SRR, wZ&IENR S BMBER37].

HEZPE(CSP), LL 12.5 mg/kg REAE S180 ME/KFEANMATIR /N, 25 RRBILEEI B4 S180
oM SRR 1 2R G, FRBRAR/INER S180 AR/KIRIGH MU ¥ 73 2444k, @it REma 4 i J& 191, FHL 1k 20 i 2y 24 T
FOE R AR [38]. FEZ M K SEY AL HE N FLARFE AN MCF-772h J5, RIL GO-G1(DNA & i i) 11
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ELG RGN, 4 B I BRL T [39] -

3.1.4. M EAEFEBIRE

P A 0 B R kL R R AR M IR LA A, e B IE I 40 B #h 3 R (extracellular matrix, ECM), 3£ 48
A B (matrix metalloproteinases, MMPs)7E 4 4 i (1) % £% Fl= 28 1t A2 e 5 S B MR A .

Akt {5 FIEEF ERK1/2 15 5 IE B2 MR 4 ot 7 h 2 s S is, AFFEaRn], Bl IR Nl
JHFEJE A AL Akt ERK1/2 LK & 845 5 X F Ezrin FIBERRAL/KSF, M40 iT #8401 FrAKE
PEZHE CME-1 8885 ~ 1 MMP-1 FIRIAKFE, B4l sME 5 0 15 BB (ERK 1/2 Fl p38 2 J5iEih R
W (p3SMAPK)) R 1k, W SR ZIR 41 B16-F10 AIARXT TkB-o [ FFAR, M40 52 €0 2% 40 i
B16-F10 HI%#%, HEFEKBIOCR41]. Hoh, BERALUEE MAPK. NF-«B Fll PI3K/Akt 455 538
BT R &R B R, BT MMP 5% ) MMP-2 Fl MMP-9, PR TV B R 8 (1, 386 5 i e
e« 7L R 2 Btdes IR0 A6 B AR 28 B8 1420 55 40 ef1 Jieb g 4 A 345 i AR 2 3 e e 4 B O AR B G, 3R
AT By o o R M) B AE L R e 7% RIS 28 07 THI 1K) 23 1 BRI FU ARG B/, SRt AL ) S 5
I3 ¥ UA K B R R R AT Rt — P 7.

3.2. (B AE(ER

3.2.1. REIRTHLE

T M2 AR(TCR)R I AT ik BhtE T 40f(Helper T cells, Th, CD4+40)f4isEtE T 400
(Cytotoxic T cells, Tc, CD8+ZHfi). CDA+AM A 434 AN F VA, AN MR ECR & 4 s+, 1)
U1 Thl B TNF-a (R FE R F )« IFN-y (interferon-y, T332 y)M1 IL-2 [43]. TNF-a 7] B35 S /840
JOJE T, IFN-y AT DAE AL R A, 39 5 7 [ AR D g, DA & TL-2 DU AT 3 5 NK A i 4% A 1E F [44]

WFFE[44) R B, HRE 2 RE ] i B AHI AR /N R S180 I A K, Rm X sEiEE, F5% T HEq
WA BG5E, YEIN4HA CDA+CDS- WAt S E, JFiEid FIHgHM R+ TNF-o F1 IL-2 K7, SeEpL s %
FEINRE, WORHLARGUMIRIE R . IR RTARE R SI(DTH)E T 40M0 S 00 SORE S8, AT 40l S 38 1 I
N, HE P 2R 2 HERE G IR DTH RN, BI04 E I o-ZEREEEFH ML 30 H , @ Bes T ke 4ni,
PR TIURF NE 1) 200 B FR1 5% e 4 ™ A e ) R VR R, AT e ) ok e 200 P P A K [45]

3.2.2. MR ZS MR A UK

5-Fu BA T WG PUAmR A A, 5 B AR B R8s sz ae: i) BH o ot BE 245470, 38 -1 305 A T8 e (0 s bR A e
aERE. B, B, BIE. SEmmE46] [47] [48] [49] [50]) MiE[51]. P&, FUMJE[S2]. &
U B . SRS [53]55 . ETE4IM N LU AR E SRR R A R, B AR R S-RUR M
W Jt E A VIR, DT 00 o) ot SR PR B 0V R, BEL L I 4R PR T R A o Tt UM T R, A % R
DNA ¥4 B o 3 5 R i %S 5-Fu 25909677 BORRUSE , FEAR AR 240 B Fro s 24 M S S RE V6 7 AR — R Ao

PAZGWi 32 A5 K562 AN Fin R, KILH R 5 INF-o 8 5-Fu BCAH I, REAEIE I H0H] Poly(A)
L BHE(PAP)HIETE, MRS 2 ALIT 25000 K562 AN JE T I BURPE[54] . W B 8N o3 T IE7E — 58
WEESG N, Aeg iR e B AN Ak SGC-7901 %} 5-Fu 4by7 BBURYE, HEA FIEMAIE55]. e W,
U A R A S S AT 2GR, TR AR TT R SRS A ST R R I T iR —

4. ZRERE

AT R T B A B AR AR ERIE S TR . B TR R R R U
T I R AT 7T, % H AR BB A HERE 17 0 S f7T e 40K ) 24 P A7 £
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FURT,  Boxh g s 5o 0 RO TEAI R AEVF 2 AN L, ARSRIWE T 07 TR A E AR A TE /Y, B
WHEEALUT U © FER— RN TR FOR , i BRI I R v P £ P PO 385 70 228 B0 A IRV
AFEL, 2B LR TSRO & FEEY A SR DU S B B ZE S, Wi — At R 2
Wroride, AT L0 HRURE 4R SURITE X — i B R A i . @ AEAEM2DIROT T, BTN G SR R 2 1917y

R REER . REZPERDBT, T HABTT BTG TER JFEA R E 2 EAL . K, fEfRgUEE & sr
m%%i AL AT BE T2 i R AR R IR T . O A R GUR (I HLER OB TR, H
I ATS SR AN 00 5 27 ) LA S i B PR (O RIE KT, TR REVEE B 5 (LGB R P i3 55 . DRIk, A
YUK R R S BOR N 2 IS AT, DU T S0 58 Bt 2t BEANE Sl G, 9 iR T T AR 8
Ho AT RUT . AT LSRG TR NS, R M RARI TR 24, R A
AIERINEERE R, ARR IR AR SOOIV E L], A AR T R a4 A e .
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