Reviews

2

%Il‘:

e ¥ 3 iE
YAKUGAKU ZASSHI
108 (3) 171—186 (1988)

MEFIORKRETR. BICEXKBOBRND

FIRERR
Biun»A«v 2 —BEEr, T104 hRX g 5-1

Current Status and Possible Future of Antitumor Drugs. With Special
Reference to Pharmacology of Oriental Medicine
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The most important problem in cancer research is to increase comfortably the survival
time and to prevent completely recurrence after surgical resection in cancer patients.
Cytocidal anticancer chemotherapeutics have detrimental side effects and destroy host
defence mechanisms, and are not useful for cancer patients. On the other hand, there is
several evidence suggesting the existence of intrinsic resistance to cancer. The examples
are an equilibrium state with proliferation and regression in a small amount of cancer cells
and spontaneous regression of cancer. An increase in this resistance may be one of the
most important problem to find new anticancer drugs.

In Oriental medicine practiced in Asian countries from olden times, the fundamental
principle is to regulate homeostasis of the whole body and to bring the diseased person to
a normal state, rather than to attack the focus directly. On the basis of such a concept,
the antitumor activity of numerous folk remedies has been reexamined and isolated a
polysaccharide with marked antitumor activity and named as lentinan.

Lentinan is a strictly purified g-1,6:8-1,3-p-glucan, and exerts prominent antitumor
activities in murine allogeneic, syngeneic and autochthonous hosts, prevents chemical and
viral oncogeneses, and suppresses tumor metastasis in several clinical models.

The antitumor action of lentinan is host-mediated. Comparing with other well-
known immunostimulants, such as BCG, C. parvum and LPS, lentinan appears to represent
a unique class of immunopotentiator, a T-cell oriented adjuvant in which macrophages
play some parts. First, lentinan triggers the increased production of various kinds of
bioactive serum factors associated with immunity and inflammation, such as CSF, IL-1,
IL-3, vascular dilatation hemorrhage inducer and acute-phase protein inducer, by direct
impact of macrophages or indirectly via lentinan-stimulated T-cells, which results in the
induction of many immunobiological changes in the host. Augmented IL-1 production
amplifies the maturation of immature effector cells to mature cells capable of responding
to IL-2 and other cytokines, but lentinan do not augment production of IL-2. This is the
most important characteristics of lentinan, because this suggests a contact point between
new immunology and Oriental medicine. Lentinan augments differentiation of various
kinds of important cells in the host defence. These results clearly explain the requirment
of intact macrophages and T-cell compartments for antitumor activity of lentinan.

Lentinan has only a little toxic side effect in in vivo application to animals and human.
An excellent result was obtained in 4 year’s follow-up of the randomized control study of
lentinan in Phase III on the patients with advanced and recurrent stomach, colo-rectal,
breast cancer and malignant lymphoma. These results suggest that lentinan might be
more effective for micrometastasis after surgery. Lentinan is a hopeful drug for cancer
patients.
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FECHTDEEOEN

BOELELZD ECRIEE R LIIE-EEABEE ThbbBiBELOM NRED X 5T T
SMECETLTHD. T THEABQIBERRC, BES B UIEIARS. — BBz B RIERE & HE

TaBLE I. Cytocidal Anticancer Agents in Clinical Use

(I) Alkylating agents
a) Nitrogen mustards:
Nitrogen mustard, nitrogen mustard N-oxide, melphalan, chlorambucil, cyclophosphamide,
ifosfamide, estramustine
b) Methanesulphonates:
Busuifan
c¢) Ethylenimines:
Carbazilquinone (CQ), thio-TEPA
d) Nitrosoureas:
BCNU, CCNU, ACNU
(II) Antimetabolites
a) Folic acid antagonists:
Methotrexate, aminopterin, leucovorin
b) Pyrimidine antagonists:
5-Fluorouracil (SFU), 5-fluoro-2’-deoxyuridine, tegaful, tegaful-uracil (UFT)
c) Cytosine arabinosides:
Cytocine arabinoside (Ara-C), cyclocytidine
d) Purine antagonists:
6-Mercaptopurine (6-MP), thioinosine
(III) - Antibiotics
Adriamycin, daunomycin, acracinomycin A, bleomycin peplomycin, mitemycin C (MMC),
actinomycin D, C, chromomycin A3, neocarcinostatin
(IV) Plant products
Vincristine, vinblastine, vindesine, podophyllotoxin, etoposide
(V) Others
L-Asparaginase, cisplatin, carboplatin
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LIPHEBRCH Y, REINI~ T ADBETLOTEILEMROK 107 @ L vbh T3 (Fig. 1). f8E
OEMARILL T OFEE 10° @, 100 ELUECHED S LR CXTBEC L - TERETHAZ LTV %
ThHigh, BHTHELE 2 Hh 5 BRSNS TR EEIE Ui T, BEMNEL DhidSMRBFIC
SEATRLDTHS.

BB L THEENER L5 2 2278 T 55 S OFRMBERHCTHREIN T 5. ABFHTR
DREPHICALNBWOHRER, RECHLBOMM, ETOWE? (Table I) /XX hiEKBRL T
vz Ed. EABRKOATWBEDORERT L LTH BN, EBCESTLORMATRY) v hiEET
BIMBRO S — B TH - TRKEROBHITIEAHET - TABRIATLE 5. ¥ BIIMREAERG
Lo THFREIZ VERNCHBEE T, LAERPMCEH IR 5.9 o X5 B3 5446E8A
DENBEL B X LML, ZhERTIWEIFTELYHRETAZ L boEBRROBEER D
12oTHs5,

pAmeES death
FZTCEELIIHARYT o7 CH L bR 3%x107 of mice
LTHRH ) L 3hC ¥ REMEGRE L EHECHE /
Bll. B EE REMRESEEE v g W
2) WO (1S DRE) T8 L Kith, Bl © ,
W%, LE, BE. HE GL %E BER 8 Sy
HUB, A%, BT, REUES e wE ¢ T \\\
B, WF, R, SEB (6%, M B A L1010 3 X107 108 eure
i, A8, BEH), *B% (LB, @&, WK, A Time after transplantation of mice
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Fig. 1. Relationship between Spontaneous Re-

72T DFEFLEDER LRR IR TV BB H gression and Proliferation of Cancer Cells in
55, BRELOEXEOCH TR T X T AAH T Immunized Mice! ’

Table II. (A) Collected Cases of Spontaneous Regression of Cancer (B) Collective Cases
of Recurrence of Metastases During 10—50 Years after Curative Operation

(A) Hypernephroma 31 (B) Breast 46
Neuroblastoma 29 Malignant melanoma 26
Malignant melanoma 19 Hypernephroma 23
Choriocarcinoma 19 Ovary 15
Bladder 13 Sarcoma of bone 3
Soft-Tissue sarcoma 11 Uterus 2
Sarcoma of bone Testis 2
Colon and rectum Total 117
Ovary
Testis
Breast
Primary unknown
Uterus
Stomach
Liver
Larynx
Lung
Pancreas
Thyroid
Tongue

Total
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Edited from Everson, Cole.2}
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host-mediated antitumor drugs

A - examples
(WA R P
elixir of life Ginseng, Liquorice, Polyporaceae
best drugs (B LUER) AB, I 6, &AM
120 (1-3%) complete nontoxic (tbf - iﬁi;!?; )
W18 (BB SMAMTHA) o
L7 N elixir of young Lithospermi, Ligustici, Polyporus
better drugs [, R (FAELUEA) SR, LR, A, A,
120 (H3K) i N nontoxic or toxic (5%% W B, W
‘ N (CAEETH) '

. . heal or cure diseases |Aconitum, Tiglii, Pinellia
ordinary (IR LG ) M, B, hE, KK
drugs 125 \ ' toxic, don’t continue <["_J,:'5;, AL, IS )

\/\/\// //" detrimental toxicity antitumor chemotherapeutics
5 e
toxic drugs ” ﬁ%ﬁj(? )
(FHH#) western drugs AHTALSEH
sometimes kill patients

antitumor chemotherapeutics

(AN

arsenide

Fig. 2.

Shen Nong’s Herbal and Antitumor Chemotherapeutics

Wh, FhicH LTS RERRELHYEROATAHT Sh T\ 5.

REERFO AR REY EELETS X0 L BEORBYERE, L EEGETC L BANBSIIL T
H. AR, AFRRE, srev, MERRUONXEREE, ChOMHERBEEL TR o4 B0k 2+ A%
VARMRTDL LR I o TAREBR>TVBHDTHS. ChIEHL, BEZ DX 5 ietbE S OHE» ik
L, BFREBLACVEHE LTS LCniile” A58 d—EoRRLELORTWI EbitL. 0
LOMBRTR, EEDOBAFAZ AR EX CREVEE Y, £EHEYEEL, TEREERBLTEIC L

DEERDOTH 5.

COFZIARFMBEOEBEROMHSLRETH R LB L CHRITERIETHS 5.

FVB/AI & 5 A EEARIL ORI LB L L PERRIC DD EELLNENLTHS.

Fig. 2 R REES LAFRZEOMMR L U THEBARRIC X5 ¥, thi, TERIEEREES, HCtlEs s
OBfRE R L. BHEREERDILALEITELGINETHY, BCBIEEEFTERL S EAH Uik
EXIBELGHRELOPS . ZHREERRICRT 5 0 WERBEMNER FiE L BEERC ST R 55EE
FHEROENLDELLSDTHB. VLo L EHBHICR 534 < OB EEYE R+ OEEER O H kM
MEBTH» TH LWEE RE-TCH T LVERFESLEROTHS. FOACRAREE LWHW, LR
FOHRLVCEREIEELAREOREY kL35 LVEBLYRHLoOob2 L3R5, LT, £% 500,

vy Fr v EFOPRAYBUT, 20X LR LERLODEYEDIL.

LoFFr o L HERZEOMRE

1) #L/aLhrREFREELERESORESY

UEDEZHCEEEELECR L TEHEZh

TWASRORMELERA LLRER, a7/ avnsy, *a7xy, sv=ad (BEE), 7524,
TI5h TRy EOBKRE = A Swiss < v AR TIEBHE L7 sarcoma 180 DEMEBEORER R
T2 LR RB LD (Table ). L LA CRECHTEEY RECEI T2 XEEN LS. 22T

HEBEHAFLLTVWABERBEBOBKMB =+ A OWTY A, 2 v s rEEA—DERAY T = 5,

-
—

b d F A sarcoma 180 OFELX M IE L o1 2+ T2 10 Lrh 6 FL, v 5 2 % T 10 fidh 5 B =< 7 230
BB OELEMENBD BN, Y2y, Faa, =/ %5 rikl%E L ORFEEOBKME =+ 21§ FiEE

nRD L. ®

INBLOBEPEDITENTNECDCTEDRI - T BENE L DBE B- I s v ETHED.

EEZLIXEOFNL YA 2 r B BOEOFHRS DI EYEEERHE LI BRH Lic. v 1 25hbil6fE
BoOSHERSEBHEIN, 05 bREVEGCHER G, REEREEY L2 DRIE YA & & DK Lentinus

edodes W blcHh Vv FF v L&MFT bR T
2) LeFrr&RERSEOLS

D% { DRFEEEWBECH LT vV Fr vORSERIAL, 20D
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TasLE III.

and Edible Mushrooms against Sarcoma 180

Antitumor Activity of the Extract from Various Basidiomycetes

Basidiomycetes or edible mushrooms Complete inE?brﬁ?gn

regression ratio (%)
27y )N avhi  Ganoderma applanatum 5/10 64.9
A Coriolus versicolor 4/ 8 71.5
TIrEhT TRy Coriolus hirsutus 2/10 65.0
FAFFYV ARy Trametes gibbosa 1/10 49.2
AN T Ry Lenzites betulina 0/ 8 23.9
F e HAH TRy Daedaleopis tricolor 4/ 7 70.2
Ryay Ry Fomitopsis semilaccata 3/10 44.2
dFAve iy Rigidoporus geotropus 0/ 7 44.8
GANR VNS R Hirschioporus fusco-violaceus 1/10 45.5
Av=aF Phelinus linteus 7/ 8 96.7
DA Lentinus edodes 6/10 80.7
=) F Ry Flammulia vertipes 3/10 81.1
b5 & Pleorotus ostreatus 5/10 75.3
h VR Amanita rubescens 0/ 8 72.3
+ 2 =z Pholiota nameko 3/10 86.5
< Y R Tricholoma matsutake 5/ 9 91.8
* 7 7 5 Auricularia mesenterica 0/ 9 42.6

Sarcoma 180 (8 x 106 cells) were inoculated s.c. in Swiss albino mice. Hot water extract of the basidiomycetes or edible mushrooms
was injected i.p. daily from 1d after the transplantation for 10d. Tumor inhibition ratios were determined at 5 weeks after
tumor transplantation.

WEFF LD b X BEME SR, WEACFHCHELIBERITTORTW5Z & T, TOABERCIIELR
BHE D S.

DFEH 40 5—80 5, BEEED £-1,3-7 v —ABESTH LU 2ED B-1,6- 7L 2 — AL B o i K
BALE Lt B13D-7 07 v Cho T X BHEEINC LIEGEEE=ZELRAMEBEY O LEEIh TV 5210
(Fig. 3).

SEOABERC R TREEOBRBEEXIL { « VIBERNEE T, Vv F 7 v tBUEBELHORFOLE
Rew v REEOEES 1+ 5 v IXHEBESEY F . Lale=vo g-1,6-fil2 W LBl te <3
viDRPRew vy R RREBLTCEORE U A =v2p vy 5+ vABRCHREBEYHL, Shbikne
ThIZELRAESYE-> T 5. 20X 5 BT 5 BE-EEEENT, SEO TEEELRET 50
BDEMRIEERACEELTWDZ X RERTH30THS.

3) LrFF-OHEREE Vv F o viZid sarcoma 180 7 O REBEE ST Tl MRE, BB BB
TR LT L ORBEXHIMEIL, LERE, YA AVRAREBE T T5HR 1S5 (Table IV). v v 57 vkl
BoEEPRE T sarcoma 180 ¥ E IR I €5 2 L2 BED T EOFEMNED bhich, ThiZihTco o
BREBEEFE O LIV 2. BEE L TOMNRBEA ZERL TV 5D TH-T, DO ORERAC
P2 TCOBEHIM LI HTHSH. THICEERE. AFRBCH L CHIEEE RSl Tlisbiny .

LiL, vvsr v oBEREYRHTAERCEE > r0RE H 5. F—IEEHRcH L CEHEREE
PR R, ZOEANBIENMETHD &, BErin—BoMBESHERI L Ric b Bk k2 ¥R S ENEE
THLEETHD. HEROBE T 2 » THIEBECHAFHBEELET IR TCLE Y. EZILOHE
BT ADRMIC LI - TELVEDHBZ ETHD. All, DBA/2,CD-1 kX d=v Rz vy FrviExflL
THWEREN 2 EY, BEOELBENED bR DM, C3H/He, CSTBL/6 TilE#i Ls\ . BALB/C,CBA < v
AT EOFETHB. EH 5L A/J, DBA2 s ERZHOBHC s Frasvavy (MC) ¥EBLTERE
iz A/J. MC. S-1 R0t DBA/2. MC. CS-1 ##tRBEOREML Lic. ZhiFhFi AlJ RO DBA/2 OiEX
Fv v ARBELC, Imgkg DV v Fr v 0BRSS T5 &, LA EEBENMNRTIZEABDHLRI.
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1. Primary structure:
B-1,6:p-1,3-p-glucan

CH,OH CH,0H
0
108w MO
CHa20H C{ CH,0H C( CH-OH
0 -0—A4—0\ - 0-A—Q 020, 0,400
HO HO HO HOL( HM
OH OH OH OH OH Jn

2. Higher structure: .
Right-handed triple helical structure (by X-ray analysis)
Lattice constant: hexagonal, a=b=15A, ¢=6A

Z
(o]
—— X
A: Single helical: B: Triple helical:
(Antitumor negative) (Antitumor possitive)
laminaran, pachyman lentinan, schizophyllan

pachymaran, curdlan

3. Molecular formula (by elementary analysis)
(CeH;00;),: Caled C, 44.44%; H, 6.22%
Found C, 44.16%; H, 6.27%
N, P and S: negative
4. Suger component:
Glucose only (by gas chromatography)
5. Molecular weight:
Distribution in a range between 4x 105—8x10° daltons
(by gel permeation chromatography and Laser Raman light scattering)
6. Physical constants:
[2]¥: 13.5—14.5° (in 2% NaOH), 19.5—21.5° (in 10% NaOH)
UV spectra: no peak
IR spectra: 890 cm~! (B-glucose)
Ultracentrification: one peak
High voltage electrophoresis: one spot
Solubility: slight soluble in water (0.1%)

Fig. 3. The Structure and Physico-chemical Properties of Lentinan
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TaBLE IV. The Antitumor and Metastasis-Inhibitory Effects of Lentinan
Dose of Timing of Tumor Complete
Tumors Hosts lentinan Route lentinan inhibition  regression
(1 mg/kgxd) injection ratio (%)  of tumor
Allogeneic:
Sarcoma 180 CD-1/ICR 1x10 i.p. 1to 10 100 10/10
Afl 5% 4 i.p. 1to 4 96.5 9/10
DBA/2N 5x 4 i.p. 1to 4 100 10/10
SWM/Ms 1x10 i.p. 1to 10 100 10/10
Ehrlich carcinoma CD-1/ICR 1x10 i.p. 1to 10 54.7 0/ 5
CCM adenocarcinoma SWM/Ms 1x10 i.p. 1to 10 65.3 0/10
Syngeneic:
A/Ph. MC. Sl fibrosarcoma A/l 1x10 i.p. 1to 10 100 18/18
DBA/2. MC. CS-1 fibrosarcoma DBA/2N 1x10 i.p. 1to 10 76.5 2/ 7
P-815 mastocytoma DBA/2N 5% 4 iv. 8,610,15,17 89.0 2/ 8
L-5178Y lymphoma DBA/2N 10x 3 iv. 7,14,21 84.0 3/ 9
MM-46 carcinoma C3H/HeN SX 2 iv. 13,15 100 9/ 9
Madison-109 carcinoma BALB/c 25X 2 i.p. 15,18 8/22
Autochthonous:
MC-induced primary tumor DBA/2N 1x10 i.p. 1to 10 80.5 2/ 5
Inhibition of Metastasis:
DBA/2. MC. CS-1 fibrosarcoma DBA/2N 1x10 ip. —1lto —1 94,2
(iv) (colony inhibition)
MH-134 hepatoma C3H/HeN 1x14 i.p. 21 to 40 100
(survival after surgery)
Madison-109 carcinoma BALB/c 25% 2 ip. 15,18 10/14
Prevention of Oncogenesis Tumor occurrence ratio
Methylcholanthrene-induced SWM/Ms 1x10 i.p. 21 to 31 83—-33%
Methylcholanthrene-induced DBA/2N 1x10 i.p. 14 to 24 78—37% E decrease
Adenovirus type 12-induced C3H/HeN 10x 3 i.p. 14,16,18 79—-40%

All tumors were solid form implanted s.c.
autochthonous hosts.
treated mice).

Fig. 412 A/]. MC. CS-1. BitmEBEDHB S ~T. ¥
VY S /RS  BREBCH L TLEHT
RREREFFECHLTLRCIAES LR DBA/2
=7 AR MC THE LL-BEENERY Smm &
Lick&Emblimgkgovyvys+vi 1 H 1M, 10
AREGHRS 35 LEEOREIZELLBESL,
BEEOEMIBEDOLNS. W 0k 5 nEREFE
iow LT WIS Lo THE M E s
7e\~ (Table V). MC #ELThb 15 BHETO
B im LERER EEDTH DO OHES
PEEVHDBIES 5 b

Vv I bR b < 35 (Fig. 5).
B MC »HFHE T ERTs L SRBEI VS
MIEE LGS 35 BHRIITIZ LA E D= Y A NRE
F%. UL 1imgkgdvyF5vi MCEE2—
3BH L0 10 HE, BBRCES LICBEORER
R 30% wETET TS, ST MCEBHIZE -
TRAE LS BEOBMES VY FF v BREC LD

Tumor inhibition ratio=(C—T)/C x 100.

Average tumor diamater (mm)

[
[=2}
T

T

—
'y
1

[
<
T 7T

T T T T T T T T

01!1|1l!|!l|

A/Ph. MC. Sl

by

sarcoma

Tumors were implanted on day-0. Tumor grown to 5 mm diameter was day-0 in
(C=average tumor weight of control mice: T=that of lentinan

4 8

12 16 20 24 28

Days after tumor inoculation

Fig. 4. Complete Regression of 3-Methylcholan-
threne-Induced A/Ph. MC. S1-Fibrosarcoma by

Lentinan Treatment (1 mg/kgx10d, i.p.)

in

Syngeneic A/Ph (A/J) Mice'®

——X--, control; —@-—, lentinan.
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TaBLE V. The Antitumor Activity of Lentinan Against Methylcholanthrene
Induced Primary Tumors in DBA/2 and BALB/c Mice

Time of occurrence Lentinant Average . Tumor Number of
,of methquholanthrene treatment Dose tumor inhibition complete
induced primary tumor weight (g) ratio (%) regression

DBA/2

Within 15 weeks Lentinan 1 mg/kgx10 0.58 80.5 2/5
after MC treatment Control 2.98 0/5
During 16 to 36 Lentinan 1 mg/kgx10 2.75 40.5 0/4
weeks after MC Control 4.79 0/4

BALB/c

Within 15 weeks Lentinan 1 mgfkgx10 0.21 77.7 1/6
after MC treatment Control 0.94 0/0

When every primary tumor had grown to 5 mm diameter, treatment of lentinan was started. p<0.01 by student’s t-test as com-
pared to the control group.

(A) (B)
80 DBA/2
80 SWM/Ms

3 70
S S 70
3 A
£ 0 2 60
@ g
g o0r S 50
— =
5 40 L
o 5 40
°© S
5 30 ”j )
B g
> g
< 20 J‘/f‘ E—<= 20

10 yojo 10

0 0

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30

Weeks after MC-treatment Weeks after MC-treatment

Fig. 5. (A) Preventive Effect of Lantinan on 3-Methylcholanthrene-Induced Carcinogenesis
in DBA/2 Mice. (B) Significance of Timing of Lentinan Injections in Preveantion of 3-
Methylcholanthrene-Induced Carcinogenesis

(A) No lentinan-treated control (@), lentinan injection (1 mg/kg i.p. daily for 10 d) were started 2 weeks after
MC-treatment (O).

(B) No lentinan-treated control (@), lentinan pretreated injection bigun 10 d bsfore MC-inoculation (O),
ientinan injections started 3 weeks after MC-inoculation (A). Lentinan injections started 6 weeks after MC-
inoculation (A). Dose of lentinan, 1 mg/kg i.p. daily for 10 d.

EWEEA CRB LD L E L LIS,

YANANARBOBELREBTH - T, HiEFD C3H/He v v A7 5/ v A AR 12 BSEET5E 70 HiE
WIH 80% D= Y AR EUBNT F 7 v 4 L AREREE 14, 16, 18 A% 10mg/kg ® v v F 5 v % 3 @
HELEEORBERIMN 40% TH A (Fig. 6).

DX BV Y F iR sarcoma 180 /o K O REBIE LT Tl ARE, BERERAFBEHLTLELL
TORFEEHETSC Lk, TOYWEIF B D BHEIEREEDE L EONBRYE ThbH Z Lo HHTH
5.

4) LrFFoACEBrECi0 T 3IRnEMER VY FF VBT AR T KEOME, v
AR, HhdEr EORPECH L ChAEI BB RS R (Table VI).
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I Ad 12:107 TCIDso/mouse

100
£ g0
3
g
- 60 Le
E Le 7
g 40 Le |1
g .
E] Le
& NI
201y
20 0 60 80

Days post infection

Fig. 6. Inhibition of Development of Adenovirus Type 12-Induced Tumor by Lentinan'®

Newborn C3H/He mice were infected with 1:x107 TCIDso of adenovirus type 12. Lentinan treatment
(10 mgfkg) on days 7, 9 and 11 (), 9/15; 14, 16 and 18 (@), 6/15; 21, 23 and 25 (©), 9/14; 28, 30 and 32 (A),
10/12 post infection, respectively, Control mice were infected but untreated ( x), 11/14,

vy VRO BARENRBIN () ROshE (B TaBLE VI. Increase of Host Resistance to
T AREEOMEY v F 7 VIt 8 fH8 L Bacterial, Viral and Parasitic Infections
TEORLIEBIEERS.20 Ly F7 ik~ Induced by Lentinan
7 A DRI B\ T Streptomycin-INAH- Bacteria:
Rifampsin 12 J B (L2 EHER T HROBR LM < By - Mpycobacterium tuberculosis
F5.0 r o LRvyF AL DRYGEIC Listeria monocytogenes

. . . Virus:
LTCHYRHTHSZ ERRRT S vV FFvidE Adenovirus type 12
7= VSV INEEEE 4% v 1 LR, Abelson v 14 At Abelson virus
FORLFET L CLENTH» TG LB a VSV-encephalitis virus
HUEMLED, SERELLDH T EATED. D Piﬁﬁ“ ,
‘chistosoma mansoni
5) LeoFHrOREXBHEEELMERER Schistosoma japonica

Big vy viRESAETR LT EERRE Mescocestoides corti
HaRed, LOFRRBEFNEDOLOTHS. '
Table VIL i3 L v F 7 v O OSBRI BB LT L.
vy I v ORBEEEIFEFERBRC I DBEEAL, HY VA ROBOREC L - TE LR T5. 1920
ORIV FFVOREREY, REEM T MRi LB L L, WREROAEEELYB U UEALTVW5
ERFBTHEDTHD. —~FHI5r vikEDH I r7 7 — SREDHREC Y » Td FORESBHIIEE
EhD. —RBICAREREFOEHBIERSETHBH, LV FF it BCG, C. Parvum. LPS 7 Ffan B &b
NTWAREMERN LRI, BB, ‘=77 -2 (M¢) 05 T5 T fiRBAKLENEDE" L EH%
THZENRTES. D

A vvFrrvEEE, UHCRIAEERG—— VY FF VIRI DX 5 KEEIMREEEY T LB RYE
CHRHTAHEEOEALHEMTHY, ThbORIGHFEINBLUMNC vy 77 v RGN CHEET 2 RADORIE
BFTHH 5 b

EELI VY FrverRsS UTHIERE, XA BRCE L0 NS 2 WE XA B ERR T2 mEF Il
BXHMETH L R L1 (Table VIII). Z 23k BEE T30 KERBETALO LS, &
B EDOESAOTAO RIS B NI HECEET S b OnHH I 5CR L 5.

Vv FF s 4—7 AR € — 7 F LTEREOAMIEES acute-phase proteins (APP) BN EZIh
B, ThABRINERFVY, ATy, wAw TR v LRAIE SR kRO E
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TaBLE VII.

The Immunological Activities of Lentinan

1. T-cell participation:
Neonatal thymectomy
Anti-lymphocyte serum
Helper T-cell in vitro
Helper T-cell in vivo
Cytotoxic T-cell in vitro
Cytotoxic T-cell in vivo
Suppressor T-cells
Migration inhibitory factor-

producing T-cells
IL-2
IL-3
T-cell-derived CSF

2. Natural killer cell participation:
NK-cells in vitro
NK-cells in vivo

Augmented NK activity by poly

1:C or IL-2 in vitro
Anti-macrophage agent
Macrophage:
Macrophage:
Macrophage:
Macrophage:
Macrophage:
1L-1

3. Antibody formation:
Antibody for SRBC

phagocytic in vivo
cytotoxic in vitro
cytotoxic in vivo

Antibody-dependent macrophage

cytotoxicity
4. Cellular reactions:
Delayed hypersensitivity in vivo
Local cellular reaction
Neutrophil invasion
Granuloma formation
5. Complement participation:
Alternative pathway
C3 splitting activity
C3 absolute value
Total complement value
Classical pathway

phagocytic in vitro

suppressive in vivo

Abolished antitumor effect
Decreased antitumor effect

Not observed effect

Activation or restoration
Augmentation of IL-2 responsibility
Increased responsibility to IL-2

No induction

Activation

Do not increased production
Increased production
Increased production

No effect
Activation in C3H/He, but not BALB/c mice
More activation when used lentinan-treated mouse spleen cells

Decreased tumor suppressive effiect by carrageenan and silica
No effect

Weak effect

Not observed

Activation

Decreased prostaglandin E release from macrophages
Increased production in vitro in vivo

Increased production with T-cells
Augmentation

Stimulation or restoration
Increase around tumor
Increase around tumor
Increase around shistosoma

Activation
Activation
Increased production
Increased production
Activation

YEEIED. LaL, ThERFIORIE TR, ZOHNC APP #5835 KT (APPIF) HiL v 5 v irs
%2—6%%%%5—7kLTmEL,Chuw9VTV®W&5KI01@¢§%%@TV&n77—9®E
WeEZDhD. hid IL-1 B0, 74 v CHFHRCE * AHEARACHEYBEICE LD EE L bh

6_25)

R v v 7 v s 12 Bt d © — 7 & LS IR MBERT (VDHIF) BHET5.2 shi~ 2
B7 = VOEYRTHLH, TORFEFALMELS 2 bhic~y ARKAR, —@BBCEREDONESIEE
LU CEMMECHMm €, BARILDOVEHTHS. FHEED S LR ORI T MEERORIET
HoT, R=FeyATRRADLRI. TORIEEFES: & ORI EE %215 5.

RBEBIELCEENRE L1k v = —HIBMEAT (CSF) & IL-1 %E4 X 5RTF (IL-1PF) A eh ic Srh
BELIHEETZZLTHSB. CSF OHRICIZVY 77 v IREM I ERER LD 2O~ 7 35 % (Fig.
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TasLE VIII. Increase of Protein Components
and Bio-active Factors in the Mouse Serum
Soon after Lentinan Administration

Activities: (peak, 2—24 h after)
IL-1 production inducing factor
Interleukin-3
Colony stimulating factor (directly from macro-
phages)
Acute-phase protein inducing factor
Vascular dilatation and hemorrhage inducing
factor
Lysozyme activity
Components: (peak, 3—7 d after)
Interleukin-1
Colony stimulating factor (T-cell derived)
Haptoglobin
Hemopexin
Ceruloplasmin
Serum amyloid P |
Complement C3
Complement C5
Complement factor B

Colonies;10° cells
w
<

TaBLE IX. Correlatiqn between IL-1 Producing
Activity and Colony Stimulating Activity
Induced by Lentinan

IL-1 CSA
(4cpm) (colonies/10° cells)
Normal serum —-10 159
(2%)
LNT serum 245 821
(2%)
Medium 23 31

e LNT 10 mg/kg or saline i.v.

¥

48h
\ — +Adh. PEC —— sup — IL-1 assay
Serum—|", CSA assay

depm=(+serum or medium)—(—serum or
medium) 3H-TdR incorporation into
thymocytes
CSA increased in early phase angmants 1L-1 production
by Mg. The augmenting effect is also confirmed using
chromatographically purified CSF.

.\°/¢;‘/ \'\

o 3 6n 12§ 5 7 bd
Time after LNT injection

Fig. 7. Colony Stimulating Activity (CSA) in the
Serum of Lentinan-Injected Mice2?

Mice, DBA/2: Serum, harvested on 0, 3, 6h and
1, 2, 3, 5, and 7 d after an i.v. injection of 10 mg/kg
of lentinan: CSA assay, soft-gel system, 105 of
C57BL/6 bone marrow cells/dish, culture, 7d. Serum
CSA increases biphasically after lentinan injection.

preCTL

/ immature
/ % %‘O preCTL
LNT L3, CSF \ﬂv“yhi::>mawre
\\\(igffﬂzf;7E? CTL

IS mature
1L.2

mature \ /

Fig. 8. Cytokine(s) Production and Induction of
Effector Cells by Lentinan?®

—— direct action, ~~~factor, s differentiation.

7). BIERARr /ey > -2y, BERIVvYSF
FYTHBENRILETY vARrbHEEIhi-bD L
Bbhbd. 20OV v Fr v s I~y ADMm
B CSF & IL-1 EARNE & BB
By, WICES S CSF it IL-1 @ inducer »
LCHEHE ~s7 a7 > —SRfEBLT IL-l OfF
ERHEAELDS LE 2 Hhb (Table IX).20
=, TUADEB I/ r 7 s - ik bDE

A b invitro TV Vv FF v EELBTHERZEL T IL-1 OFEAMIIMNBEEINE.® Lo TlLyFFry
DEGBHC ST HE—BREORISIEENC T-V v ABRERDO CSF IR X%, Rid~=s/e7 » — RN+ 5HE
BIEAC IS IL-1 REDELWHEBECHD L2 L ). 2oLl ~r 7 »— SOEPIERY v -8
ZEEAS DT TR, BB~ L )B4 ORECEETHMBLIFERELIRLDOT, ZhbERHL

TIL-Is L\ o e HHBEHTHD2 S Lhisy.

B. Vv rviERBRFCBT 527278 —fil—ZD X3 VvyFr vz Il-lsDlv, =287 »—
CHED Y v SRIERET (LAF) is QoL 2 E LAHMERS. LAF 31X bhThW5 X5, a0
REBFREEBEER T Vv SRy @b L, IL2 D) vikh (4 v REE IR, HEEohLD
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VYR A VT ARERYEDI-VTH L Lentinan
DTELRH T Vv R Hpbxes BEr o Dwi é&%
(Fig. 8). = DR LET bl Sonngy  e/ke) 500«

HiThhi. 0 +

Ticdb ., B (0.001 mgkg) D v FF v 0.001 —
RS SRy A D BB bk B IR ol -
IL-2 ODFEETT7 %5 -#ADFEY 215 +
»5(Fig9). chitvvsr v bz bhicwy A 01 -
DESIRANRLA L2 W5 LC X D IR B e o o 0
EHBEWRTS. PESLRIOERE LTV Yy F+v + , , . .
PABRINESEHE T U >/ -5k (CTL) Ok in vivo R L LN
O invitro TELCEB E LRR Lie, B0 %5 Lysis of EL-4 lymphoma (%) E/T=3:1
FRD P-815 A k44 » —= %A L DBA/2 Fig. 9. Lentinan Augments Sensitivity of Thy-
TYARVYFFVRBEL, SO ANLES mocytes to IL-2
RIHAIRY IL-2 O TCRRO P-815 B amount of entinan from hemorstes 1 the premen
B35 5— T Hlarik BT 5. ?:27]3[;‘-/-2, E%i—:e;i: I.lymphc«;yte culture: BALB/c

Vv F o VAR~ LS~ THifaD BRI
LHITH D L HRIBBRBTET L DHBOERLEERBICETL L L, BHAEEEYSLCEE XL
BT ENTES. FARLHERGEERBE (DTH) RIGKOWTHv2%. SWM/Ms <~ % 21T sarcoma 180 %
BEELTET L DTH [ Vv Y F7 VIZ L » TELCEET 5. £k~<% A/). MC. S1 OB iED v
YFFVRIBEEBREII O DTH RIGHAEERBREALEL TV 5 EE L bh5. 0

P51 00EER =7 73— THD 527 4%7— filg (NK HIf2) 0Tz vy F> it
poly I:C e &D X 51 invitro TZh bOMBDOERLYEDBEIIR. L Ly v FrvafbEihi<
v A DMLY BT poly 11 C e X % invitro © NK E(EDOERS1T 5 & NK iEH(ERE6RED RS
(Fig. 10). < FTHEEMMELDOTHSD. ChiZv Yy F 7 v NK MDY v h 1 v T 5 EmeZ 1L
{EDlebDEELBIB.®

RED XS5y yFr vtk n IL-1 OB RIERTHBEEEE T v v 3REEmEse, Blkosa
WRBIC LD ELShic~ o= T filahbEESRS L2 KNT5=7 = 7 % — MAOSE’ S IEHET

m%, )
C3H/He @{'—&’h?r]::gt ce]l__§ 107 cells/2 ml+poly I:C

—~ lenti 1 mg/k
E\j 801 oern sl:‘iiir,l,e (Ff.) & 24 h culture
‘6 NK assay
§ spleen cells (lentinan)
= 60 ——— e o -
- AT
O -~
< 14
> 40t
ot
S /
2
o
5 .
i, 20 ll

I

!

!

0 L
0

10 20 50 100
Poly I:C conc. (7/ml)

Fig. 10. Augmentation of in Vitro Natural Kill Cell Activation by Lentinan with Poly I:C
Using the Spleen Cells Obtained from Lentinan-Treated C3H/He Mice

Natural killer activity was assayed using 51Cr-labelled YAC cells as a target cells in 4 h 51Cr-release assay
at a ratio of Effector/Target=200: 1.
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matulate immatulate
pre-killer pre-killer
!d]ler T-cells T- (‘ells

accessory

ycells: Mg

Fig. 11. Possible Mode of Action of Lenthinan
&— specific, €~-- non-specific, &3 differentiation, proliferation.

%, MfakEEs T v v BRo Bk L1 &
IL2Em220¥7F e LTIRRL, FiEEah ’ cytokines . effector
Te= 7 22 2T Y v ARNFRIEE & EEEET xmme__i_ﬂmmmﬂ———_amuwm
BROrEZDRD. AECEFETE D T V5% | 2ot Mo
KTk, NK filga®=sr7 > —-2DEFHEY v \\*\N
RAAVENTBIGEREED, ThOREELL _ﬁG%ﬁ%_ )
CER R BERET D LA TED. VYT | ymphokines
VRZD XS IL2 oY vkH A vicHT A

=7 27 X —RROEEEYELLED LN, HI

~ovo3— T i b IL-2 Otk % 3T 5 bl Tl .

VY FF VIS O K DRI IR R OB R E AR BN, TR s — SORR
BRI L\, LichisTr v 7 ik hw 2 MR KR R (RES) BIB#E & v 5 2 LT evs. BB~
Fiov v Fr v OEAEEL Fig. 11 iREhTW5,

6) BT IBEEABEPHICSTIRRBMESRLREERLOER L llasisgs & 18R
WA LRI UTR UL, vy F 7 v OfEBBFORE,L BREINS X 51T, BEEMRDEC L%
BRECOVWTHREL 2DICKAITES. Thbh, BRESECHRHIIOOH Y, BEF TR CRELE
DR LTe ot IL-2, [EHEERATF (INF), 1 v 2 -7 v vtV vhaA Y, /04 v ¥ BEERE
CEZTHRELLI > EV3RDF L, Vv FdrvhED L CHREEY MO, KR RERE LY, “hb
T AEEOINEREEE, REL LS T52L0HEThHA (Fig. 12).

MERLTORD HTIIRENLHES. ChHOERAXEBRFTTH Y, HOEREN L, ¥l hbodik
REBFHHFFSBOTECNLTHS. BHHFEVDIRI I ERNICESERAE L CWIUER 24 A F A
RLEBT L > THEERDENLTHAS. FREEHED IL-2 5 2 THAEUIIEE L Ul Bkt i,
AR IHRBHBRORE LA L L EloTLES. LA o, IL-2 2 TNF /2 £ L 2 REEEDT
B vy Fr v LA L CUEERIICRETAZ LR bh 5.

=J, VY FFVREDHER, HBRERHEAREC Lo TET LSSty mE U EEL X 5 &3
BRATHS. FAEERAKOEE L5 FEXBRAEFE TV T, B OREFE YO LR O RME &\
HTEETRD. TOMREA DERDOREROBE L5 2 LD, ChIPRCAEEYHIRCE bR 3H
FTEBL AGW R A AR ADEERLELD T LI LT D THS. BEAERZIC 5 R
“METHIDEE VU > TREIGT” 503Dz L Th5b.

FRWEI EELFETHD Z LHAHE L TR BERER) OBACIEFCHAGTS LW “A UL RT

(lentinan)

Fig. 12. Simplified Scheme for Immunotherapy
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X BFT LV ONEEESETOEZ S THSHS.

Lo FF - OBEEDR

DLERNT & BB OBEOBENHRC L - T v v+ + ViRl L UCEBENCE LS < SHE
INBLDOD1DEirsT &

vy s vk B, RIBE, B SOBBECR LB CERDEYRT. KAOHED L VY F7 VBK
WMo 7V — 7 ETEREER, KBEC KT 5 phase II study », EfEACHEBRERO 4 EROBHAEOR
RERELL® ChiRXIBEVVFIF L, TH7—AVEBHALTCT ¥ 7 — ABH Y 0 L EFHBOZE LEE
BH LD bhic (Fig 13). #TEREBROBE, 1,23, 4 FEFERIT 7 7 - L EEOBE, ThEh 3, 10%.
3,70%. 0%. 0% THoteDRX LTV v+ v#5E (1 mg/body 38 2 XL 2 mg/body 38 1 ) TizFh %
ho24,329% 12, 97%. 9, 51% R0 3,81% Thote. KBBOBE T # 7 — ARBOBE 50% £ERI2 94 H
THLIBVVYFFVHHBETIZ 200 HECES L. FEBERERERAE.® Vv SAEL SR OLTHE LT
Wh. BFR L —BOBILEREF LR VB EA LRV E V5T L. VY F+ v RS BOBRpEE L
ERFEELLDTIOTHS.

g eneralized Wilcoxon method

BT OIYPEIEBEOEGTEL O Lith X (%)}
LTHBN, ZhhboPERFE cRLEREK
TER—FHTEEYET IO EBEYELROT B L
T B FHERD BB O FHREFILTHB. Table L
X XEE v ¥ — R R0 5 AR EROT 500
BEY v ABEBOEND & OBFERLELLDT |
B5.50 fHEOHE, MAMCY v S o
Ihic n(—) DEFRCENTT S, YRTFECE
5 SHEEFERIL S11% CBERVDOTHS. B

< X - " 0 Pt e R .
10 489% HOLOARSFLAKFEATL R 500 1000 1500 2000 (d)
5z ik, BRAZIWAEDOEMELFED LT Fie. 13. Clinical Aoplication of Len rs
. - . . . ig. 13. inical Application of Lentinan of Sur-
DA T ,Z) 0)1%\;‘) 5. SHEWES R J: vival Curve in Patients with Advanced and
SERTENE, CXFENER > 1B OBBEEN Recurrent Gastric Cancer. 4 Year's Follow-up
Ehbh, TOBBERTHFALECRSB)S Utk Result of Randomized Control Study of Len-
V. SEEOMRLSEEE T — R X LT R tinan in Phase 1112
. lenti d 2 £
EEICN 5 REMHEBIR L RIE L) L lontinan Blos_ 4001200 melpernla of Togstr
. - By - C, control , 400—1200 mg/kg of Tegaful alone.
TisL Z)%%VC '?- rOZ% 5. ZODX 5 7’3:% =g (& biﬁ < Dr(SVOV:ll rl:c:’y %{rzsﬁm-Maier’s ml:tiog :nd :izginzglll;'
X35 A AKER OB OB A AR D DONIERE generalized Wilcoxon’s test. Control group 68 cases,
. 50% survival 92d. Lentinan group 77 cases, 50%
ThHAH5. BIEELSHCIEhoT, RO, # survival 173 d.

TaBLE X. Spread of Lymph Node Metastasis and Prognosis
after Surgical Operation in Lung Cancer

Spread of lymph node Over 5 year’s survival cases/ 5 Year’s survival
metastasis Total operation cases ratio (%)

No metastasis in lung ny (—) 88/172 51.1
Metastasis inner lung no {+) 8/ 15 53.3
Metastasis: Hilus L.N. 32/ 95 33.7
Metastasis: Mediastinum #n» 14/154 9.0
Metastasis: Other place Ml 0/ 33 0

Total 142/472 30.1

Cited from Watanabe and Suemasu of National Cancer Center Hospital, Tokyo.34)
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BRPREL L 5L DENE AT THEEDB K
THEARYHERI R TP EARIEETH
D, HRXRNFERIERR B OR L BB
Lieh 25,

VY F VBB EF AL LT MH-134 ~.<
— < DHABFMEO TR L ST 3 (Fig. 14)
MH-134, 10°cell #[@% C3H/He ~ v = BRE T
KREL, 2 BECHE2YNT5. ENBER IR
0% D=y 2B 8 BETF CREBRBRLTHE
9505 FHEH X 2EM Imgkg DL v+
vEBEBRRNCERE LB TRE Y AXEE RS
%.% FERE7ciERIT Madison 109 Jiig 7 &icous
TH%25.%9 Zofilt DBA/2, MC, CS-T, #h#tm
fis Ex e MTHEBOBATL AEThH 5.
WERLEML T L hBIh BN L v F5 v
WX DMEHEBIC L » CTERNB I hicbn L
Zbhb. E£RR~I Vv FF v 0 phase I DiE
PREOERN S, & LI hAEED nl—) Ok

185
100
S
= 50r
>
5
=
w
MH134 transplantation (footpad)
MH134 resection
0 - -

001 2 3 4 5 6 7 8 9 10
Weeks after tumor transplantation

Fig. 14. Inhibition of Post-Operative MH-134
Hepatoma Metastasis by Lentinan Administra-
tion

Control (surgery only) (—X—x—x—), Surgery
plus lentinan 1 mg/kg/d i.p. x10 from 1 to 14 d after
tumor transplantation (—@—@—@—). Surgery
plus lentinan 1 mg/kg/d i.p. X 10 from 15 to 28 d after
tumor tranmsplantation (—QO—0O—Q—). MH-134
transplantation: food-pad s.c. MH-134 resection: 2
weeks after tumor transplantation.
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—&Kﬁﬁﬁﬁ&mmmmﬁﬁﬁﬁﬂkaaitM@ﬁiﬁ%m%vtﬁwmmv%mh%ém@&ﬁﬁt
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fF2his.
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