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ABSTRACT

Background: B-1,3-glucans are well known to enhance the immune reactions, resulting
in antitumor, antibacterial, antiviral, anticoagulatory and wound healing activities. B-1,
3-glucans have various activities depending on molecular weight, degree of branching,
conformation, watet-solubility and intermolecular association. However, the B-1,3-glucan
linked backbone structure is essential and B-D-glucopyranosyl units are tequired for
immuno-potentiating activities. Result: In this study, we tested the immunophama-
cological activities of soluble B-1,3-glucans and confirmed the following activides: (1)
IFN-Y production in PBMCs in the presence or the absence of PHA, LPS, or IL-18;
(2) induction of various cytokines in the spleen and thymus; (3) adjuvant effect on the
antibody production; (4) nitrogen oxide synthesis in macrophages; (5) the cytotoxic and
antitumor effects on cell lines and ICR mice. Conclusion: These results strongly
suggested that B-1,3-glucans possessed various immuno-pharmacological activities.
(Immune Network 2003;3(2):156-163)
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484 p-1,3-glucan DMJ-A9} DMJ-E9] W] 34 a%
= AFst7] Hsta, p-1,3-glucano] A T2 A3

A 3 (peripheral blood mononuclear cells; PBMCs)2] IFN-
v A4 mXE Q3 vk 2AFATG vl A
ARl EZFQI A, A B a3, tAAE
o A nitrogen oxide (NO) &/doll PIX]= F3, Alxe 5
Agvet 3o a9 5 AF3H p1,3-glucan] o]-&
< fs 712 ¥ & ARE AFsaA stk

874 B-1,3-glucan A4k £ Ao o] &R &4 B
1,3-glucan> Agrobacterium sp. beta 82 KCTC 10099BP
(Korea Collection Type Culture, Daejeon, Korea) 2% A
2HE Z1(o] 3} DMI-A)3} Agrobacterium sp. R259 KCTC
10197BPZ 58 A 2td B84 B-1,3-glucan (©] 3} DMI-
D)< glucanaseo| 93] 48313+ Z (¢} DMI-E)o|t}.
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75%7F H =5 eeS 7hate] 4°C, 8AIZE T
= A4 2Ystden, AHES 54 dxsto +84
DMI-ES AATh

AR L2 A A A E(PBMCs)2] IFN-vS] =7. Human
PBMCsE 7t7} 5x10° cells/ml®] %2 96 well plated]
100pLA €31, endotoxin®l] 23t 245 F3A17]7] ¢
3l 10ug/ml2] polymyxin BE 2] 3} th. Phytohemag-
glutinin (PHA) 1pg/ml, lipopolysacharide (LPS) S5ug/ml,
IL-18 50 ng/mli¥} DMI-A, DMI-EE 30, 60ug/ml? g
&to] 2447t v %k3le] OptEIA human IFN-y ELISA kit
(Pharmingen, USA)E ©|&3}lo ZH39 0.

Z A A AL EFIY] &4, vh-2 4ntE] o] FA3e] 3Y
&< DMI-A®} DMI-E 250pgS FAFshaL, 2vhe] = 244
5 FAS s AFsk e, UmA 2vke] = LPS
10ugs FASEAL 12A17F & FA vdS A3 8k
acid guanidinium thiocyanate phenol chlroform extraction®d
Hol(15) 23 total RNAS #2] 5t} RNA Tug@ 400
ng p (dT)is primer (Roche, Germany), 75 U reverse tran-
scriptase (Stratagene, USA), 10X reaction buffer, 300 mM
dNTP (Roche)E 37°Coll A 1A]7F 304, 95°Co| A 583t
WS A ZA T

Primer A %. GAPDH, IL-1B, IL-2+< Colle 5°] X 1.3k
primerE A8} 21 (16), ThE primer= IL-6 sense
primer(S): 5’-CTC TGC AAG AGA CTT CCA TC-3’
antisense primer (AS): 5’-GCC GAG TAG ATC TCA AAG
TG-3’, TNF-a(S): 5-ATG AGC ACA GAA AGC ATG
A-3’, (AS): 5'-ACA GAG CAA TGA CTC CAA AG-3’
IL-1Ra(S): 5'-CTT CTG TTT CAT TCA GAG GC-3’,
(AS): 5"-GAT GCC CAA GAA CAC ACT AT-3'& A&
shol FHAYNL L FATh fAA) FEL AT E
o] 24> cDNA 4pl, 10 pmole sense primer, anti-
sense primer, 0.2 mM dNTP, 10X reaction buffer (10 mM
Tris-Cl (pH 8.3), 50 mM KCl,, 0.001% gelatin), 5X
Qual-up™ solution (Tulgene, Deajeon, Korea), lunit Taq
DNA polymerase (Tulgene) 2 32} B 45 &331o] 50
pl A& ¥ GAPDH, IL-1p, IL-6, TNF-q, IL-1Ra%} IL-2
AR FES Y5te] 94°Coll A 10% 1cycle, 94°C 137,
60°C 18, 72°C 18 30% 30 cycle, 72°C 10 Icycles
GeneAmp PCR System 9600 (Perkin Elmer)< ©]-83}<]
FgANNS L Atk

GABAZL HE a3 =34, E6Z} E7= pET28a vector
(Novagen, USA)E ©]-8-3}4] E. colid] A HHFHEE A2
SATh17). AxE E6 9 E79 &g S d 20pg
DMIJ-A, DMIJ-E 250pg, & T+ MPL+TDM Adjuvant
(Sigma, USA) E3HE 20005 THE0] 0, 7, 14 2 21¢9
FAG whg2ol A 2597 4% Bl B o]
AL 2407 A 5 A4 Bdtel BHE FASY
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ot @3S E6, E70] ¥ H o] plaes AHE-3le] E69}
E79] g9 st A 97}E ELISAZ Rl
A ZAA N0 =H. AHE 2 A E THP-14 &
10% heat inactivated FBS (HyClone®, Logan, UT)7} 2%
¥ RPMI Medium 1640 (GibcoBRL, USA)°l 2x10°
cells/well B} &F3}taL, v}t 2 M 3 RAW 264.7 Al EE
10% heat inactivated FBS7} 3= Dulbecco’s Modified
Eagle Medium (GibcoBRL) A 2x10° cells/well-S Hl %
39tk DMI-ES] #] 2] THP-14 ¥l 212} 50, 100, 200
pgmlE A 2lskal, 3A17k0] At ¥ LPS 1ug/mlE A 2
stal 22 LPSE A2 stA] FkTh RAW 264.7 A3
= DMJ-AZ 50ug/ml %23+ % LPS 0.lug/mlE A &
3ko] Migliorini 52 WH(18) 2.2 NOS =43} th
in vitroo| A &<+ B3 FH. A vl oA A
A EFS A fobA E NIHBTIHEES ALEE90H, oF
AEFE 239 A E-¢Q] HPV 16(+) CaSki, C39} 27
LM E Sarcoma 1802 ©]-83}th BAF MEL3 & Al
¥ 72 10% heat inactivated FBS7} X 8+E DMEM Hjj A
oA 1x10° cells/well2 #F3td 37°C, 5% CO, Hj %7
o A 247 %kt DMI-A9} DMJ-EZ 40ug/ml, 120
pgmlEEE 283t 37°C, 5% CO, Hj%E7]o) A 484
7 st mi e M azoll MTS (3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxy methoxyphenyl)-2H tetra-zolium, inner
salt)?} phenazine methosulfate (PMS)E 39 : 12 4]0]A]
s0uy EF3 37°Col A 1A ZFel A 3AIZE7EA] Bl %%
F 490 nmoA =43

in vivodll A g &3 =A, BE7}9A|E Sarcoma 180
10% FBS7} X3¢l DMEM H kAol A ujj k3 & PBSO|
B A A1A 5x10° cellsymouseS ICR w}-9-2=o] FAFal4
t}. 2447 3 DMIJ-A$} DMI-EZ Z}7} 250ug/mouse )
B 79 B¢ FAIR Fojata, dFHel gy
AE RS s
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G A Z IFN-vol| v A= JE¢S #FEAL B,
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o)t IL-69 LA FS vf-% A3t} IL-2 mRNAE &4
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S & YA DMI-AZE A3 FHA FI=
AFo] E7}9191 IL-1Ra mRNA 2] ¥ eko] k7t 715
oy B Zo = E 2}olzl itk LPSE A3 4
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Figure 1. The effect of soluble B-1,3-glucans on IFN-Y
production in PBMCs in the presence or absence of costimulator.
Polymyxin B (10ug/ml) was added to the cells to neutralize
endotoxin. The concentrations of the reagents used were as
follows; LPS (5hg/ml), IL-18 (50 ng/ml), PHA (1hg/ml), and
B-13-glucans (30, 60Mg/ml). PBMCs (5x10° cells/well) were
given with PHA and B-1,3-glucan, and incubated at 37°C for 24
h in a humidified 5% CO. incubator. Subsequently, the culture
supernatants were collected and IFN-Y concentrations were
measured as described in materials and methods.
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Figure 2. Expression of IL-1B, IL-6, IL-1Ra, and IL-2 mRNAs in thymi and spleens of Balb/c mice treated with
DM]J-A and DMJ-E in the presence or absence of LPS. Balb/c mice were injected 3 times with DMJ-A, DMJ-E
(250pg/mouse) and treated with or without LPS (10ug/mouse). Total RNAs extracted from thymi and spleens were
performed by RT-PCR and PCR products were electtophoresed on 1.5% agarose gel.
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Figure 3. The adjuvant effects of f-1,3-glucans on antibody titers against E6 and E7 antigens. A; E6 (20pg/mouse) or B; E7 (20pg/
mouse) and PB-1,3-glucans (250pg/mouse), MPL+TDM (100pl/mouse) or saline were ip. administerd to ICR mice on day 0, 7, 14
and 21. Blood was obtained by cardipunture on day 25. The E6 or E7 antibodies in sera were measured by ELISA.
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WAAEAAH NOFA HX= G At 2AxE
THP-1¢]] LPSE A &gt 292 A e]stA| &2 754
B-1,3-glucan DMJ-E2] F%7} NO9| sxo] v &3
€ 348 & 43, DMI-E9] s=7} S7HE55 NO<
&7t ngHo g Z7ste A¢S Bt DMI-EW
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o3 NO7ZF ¢zt o EHI=3Ath LPSSF DMI-AE 34|
A2l ¢ A3} LPSe 42 fle Aoz A7 EthFg.
4B). ALz A A Eo| = 5 DMI-A, DMI-Eol| ¢
3 NO7} =82S 03 4 AATh(Fig. 40).

in vitrod| Al AMXQ S axe} 3 a3, 52 =
A e AEe F4 aE golry] 8 A AlE
A f-o} M E NIH3T3, 2739 4| X Sarcoma 180, A& 7345
A HPV 16(+) CaSki®} C39| DMI-A%} DMI-EE %
79 =g 72tz 2g]ste] MTS assay = HH3-A17) 11,
ELISA ReaderZ M AT = =A3tA control 100 7]
F0 7 3dho] ghak3E A3} NIH3T3 Al £l A= DMI-A 2

Table 1. The compatison of B-1,3-glucans as adjuvant for Ab
production against E6 and E7 antigens

B-1,3-glucans E6 Ab Titer E7 Ab Titer
Normal - -

DW 1,600 2,400
DMJ-A 2,880 2,560
DMJ-E 3,250 8,533
MPL+TDM 140,800 22,400

E6 (20pg/mouse) or E7 (20ug/mouse) and DMJ-A, E (250pg/
mouse), MPL+TDM (100u/mouse) or saline were i.p. admini-
sterd to ICR mice on day 0, 7, 14 and 21. Blood was obtained
by cardipunture on day 25. The levels of E6 and E7 antibodies
in sera were measured by ELISA

DMI-E 40ug/ml =A< &F 18%7F S71E Aoz B
of A F4 B} Qlal Al Ee Ao glthal A7}y
Atk 120ug/ml A= =& FEAAE 10~15% A=
R AE AL F Kol A ¢fzhe] FAJo] glof Al
¥ ZAS A Ao w WAHATHFg 5A). 3¢
A B9 A|E Sarcoma 180 A Eo| A& DMI-A ¢}
DMI-E9] 40pg/mloll A= F 40%7F 4" ASE Hol
ot a7t e Ao g dHHT(Fig 5B). AHg AH
A E CaSkiA Eo| A= DMI-A$} DMJ-E &5 20% 3
T 72" Ao 7 Ve H(Fig. 5C), AFF A5 E
C3H A= DMI-AC I3l 50% %, DMI-El |3}
ME 20~30% A= 4" Ao 2 JElgth(Fig. 5D).
in vivooll 19 3t E 3}, in vivodll Y 3 a2 %
AFsl7] 918te] EZFFAIE Sarcoma 180 w929 E
ol st oS WA A7) 3L, DMI-A, DMJ-ES®} &S
Y Fo TS F AEES FUsH . 53 DMI-A
£ FoT2 377 HUA 2T FA18E9 S, DMI-ES
o3 Fo A= 2utE] 7} 9F A A& Y
A3+ Sarcoma 1802 E7} oA FU3 T DMI-A%Y
DMJ-EE A& -5l p-1,3-glucan®] F7Fol ot 3
4 T At guls AEES GAT 4 9o p
-1,3-glucan®] ¢t EH7F UAFES T 5 UAAT
(Table 1I). 2E B-13-glucan®] AHEE F4 A E=
Fof B-1,3-glucans 57 FAL 74 £} AW FALE
& Aol g &9E YeERATa Bagh Aol U
3 TH(7-12).

|

A THP 1
" DMJ- E (200 pg/ml)
9 | DMJ- E (100 pg/ml)
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Figure 4. The effects of p-1,3-glucans on the NO production in THP-1, RAW 263.7 and PBMCs. A). THP-1 cells (2><loslwell) were
incubated for 4 h with various doses of E (DMIJ-E, 50, 100, 200pg/ml) in the presence or absence of LPS (lug/ml), B). RAW 263.7
cells (4x10%/well) were incubated for 4 h and treated with DMIJ-A (50ug/ml), LPS (0.1ug/ml). C). PBMCs (1x10/well) were incubated
for 4 h and treated with A, E (60ug/ml) and LPS (0.1ug/ml). After an additional 24 h incubation at 37°C in a humidified 5% CO,
incubator, the culture supernatants were collected and nitric oxide concentrations were measured as described in materials and methods.
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Figure 5. The effect of B-1,3-glucans on the vlablhty of various cells by MTS assay. A; NIH3T3, B; Sarcoma 180, C; CaSki and
D; C3 cells (1x10 cells/well) were preincubated at 37°C for 24 h in a humidified 5% CO,. The different doses of DMJ-A, DMJ-E
(40, 120pg/ml) were given into NIH3T3, Sarcoma 180, CaSki and C3 for 48 h, respectively.

Table II. Antitumor activity of B-1,3-glucans against Sarcoma
180 ascites tumor in ICR mice

NO. of survivors/total

B-1,3-glucans
<3 week <4 week <7 week <9 week

DW (1004) 0/7 ] ] _
DMJ-A

(50ng/mouse) /7 - - ]
DMJ-E

@50ug/mouse) 2/7 2/7 2/7

Sarcoma 180 tumor cells (5><106) were inoculated into ICR mice
on day 0. DMJ-A, E or H;O were i.p. administered to the same
mice on 7 times (1~7 day). For 9 weeks after tumor inoculation,
survival rate were checked and the values in the table represent
number of survivors.
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