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W e stu d ied  th e  a c tiv it ies  o f  seve ra l k in d s o f  bb bb b -g lu ca n s,
in clu d in g  so n ifila n , g rifo la n , S cle ro tin ia  scle ro tio ru m
g lu ca n , la m in a rin  a n d  zy m o sa n , o n  m a cro p h a ges. P re-
cu ltu re of m acrop h ages w ith  in act ive  bb bbb -glu can s ren d ere d
th e ce lls  u n resp o n sive  to  su b seq u en t st im u la tio n  w ith
grifo lan , su g g estin g  a  sp ec if ic  p a th w ay  in  th e bb bb b -g lu ca n
stru ctu re .  Th e im p o r tan ce of  p rotein  C  an d  p h o sp h ory-
la tio n  o f  m ito ge n -ac tiva ted  p ro te in  k in a se w a s d em o n -
stra ted  in  th e  a c tiv atio n  w ith  g rifo la n  o r zy m o sa n . Im -
m u n o p rec ip itat io n  o f  c o m p lem en t recep to r (C R 3) , c o -
p recip it at ed  o th er p ro tein s ca r ry in g  p h o sp h o ty ro sin e
resid u es in  st im u la tio n  w ith  g ri fo la n . T h ese d a ta  su g-
gest  th a t p r otein  k in a se C  a n d  ty ro sin e  k in a ses a re  e s-
sen tia l for s ign a l tran sd u ctio n , an d  th a t C R 3  m ig h t p a r-
ticip a te in  th e a c tiv atio n  th ro u g h  in tera ct io n  w ith  o th -
er  in tra cellu la r  p r o tein s.
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Introduction

M acro p h ages a re  d iff e ren tiated  ce lls in  th e  m o n o n u -

c lear p h ago cyte  system  [1 ] . T h ey  are  w idely  d is trib -

u ted  th ro u g h o u t th e  b o d y and  have  a  c ru c ia l  fun ctio n

in  d efen d in g  th e  b od y  again st tu m o r ce lls or  invasio n

by  a  w id e  va rie ty  o f m ic ro o rgan ism s. F un g al- d er ive d

(1 ® 3 ) - b - D-g lu cans are  k n o w n  to  ac tiva te  a  var ie ty

o f  m acro p h ag e  fun ction s [2 ±4 ] . In  a  p revio u s stu dy,

w e rep o r ted  th a t gr ifo lan , a  g e l-fo rm in g  (1® 3 ) - b -D -

g lucan fro m  liqu id -cu ltu red m yceliu m  o f G rifo la  fron -

d o sa , in d uced  an titum or  ac tiv ities aga in st  m u rin e ex -

p erim en ta l  tu m o rs [5 ]. D u ring  th e  ac tivatio n  step ,  th e

im p ortan ce  of  m acro p hages w as su gg ested  by  a b lo ck-

ad e  o f th e  m acro p h ag e  p hag o cy te  fu n ctio n  w h en  car-

ra geen an  w as in jec ted  in to  th e  h o st [6 ] . M acro p h ag -

es a re  a lso  k n ow n  as cy to k in e-p ro d u cin g  ce lls , u p o n

stim u la tio n w ith  p r o du cts fro m  variou s m icr o o rgan -

ism s [7 ] . I t  is  clear  th a t  th o se  cy to k ines ac tiva te  th e

h o st d efen se  fu nctio n  [8 ] . A s g lu cans are  a ble  to  acti-

va te  th e  im m u n e sy stem  an d  as cy to k in es p lay  a  k ey

ro le  in  stim ula tin g  h o st d efen se ac tiv ity,  th ere  is  m u ch

interest  in  investig atin g  th e ac ti v ity  of b -g lu can s in

cy to k in e  p r o d u ctio n . W e a lso  stud ied  sign al p a th w ays

req u ir e d  fo r  th e  m acro p h ag e  ac tiva tio n  in d u ced  b y

b -g lucans. T he  sign al p a th w ay o f the  b -g lu can -ac ti-

va ted  m acro p h age  is d iscu ssed  h ere.

M aterials and methods

M ice

M ale  In sti tu te  fo r C ancer  R esearch  ( IC R ) m ice  w ere

p urchased  from  Japan S .L .C . (H am am atsu , Japan) and

u sed  a t 6 ±8  w eek s o f ag e .

Reagents

L ip o p o ly sacch arid e  o b tain ed  f r om  E sch e rich ia  co li

O 1 11  an d  so dium  o rth ovanad ate w ere  pu rchased  fro m

S ig m a C hem ica l C o . (S t L o u is , M isso u ri , U S A ). H -7 ,

H A 1 0 0 4 , W -7 an d W -5  w ere  p u r ch ased  f ro m  S eika-

gak u  Ko gy o  C o . L td  (To k y o, Ja p an ). G en iste in  an d

ty rp h o st in  w er e  p u rc h a se d  f r o m  G ib c o -B R L  L if e

Tech n o lo gies (G ran d  Islan d , M ary lan d ,  U S A ). H er-

b im ycin  A  (h erb im y cin )  w as pu r ch ased f rom  Wa ko

P u re  C h em ica l C o . L td  (O sak a , Jap an ) .

Preparation of b -g lucans

G rif olan  w as p rep ar ed  b y  th e  m eth o d  descr ibed  p re -

v io u sly  [5 ]. S on ifi lan  w as d o n ated  by  K ak en  P h ar-

m aceu tica l  C o . L td  (To k yo,  Ja p an ) . L am in ar in  an d

d ex tra n  were p u r ch ased f ro m  S ig m a C hem ica l C o .

an d S eik ag aku  Ko gy o  C o. L td,  resp ec tively. Z y m o san

A  an d  zy m o cel w ere p u rch ased  f ro m  S ig m a C h em i-

ca l C o . and  A lp h a-B eta  Tec h no lo gy  In c . (W orceste r ,

M assach u se tts,  U S A ) , r esp ec tively.

Culture of macrophage cell line

T h e  m o u se  m a c ro p h a g e - like  c e ll  l i n e  R AW 2 6 4 .7

(R iken  C ell  B an k , T suk u b a , Ja p an )  w as cu ltured  to

c o n f lu e n c e  i n  R o s w e l l  P a r k  M e m o ri a l  I n s t i tu t e

(R P M I) 1 6 4 0 /1 0 %  fe ta l ca lf seru m . R AW 2 6 4 .7  ce lls

w ere  susp en d ed at  a  ce ll  d ensity  o f 2 .5 ´ 1 0 6  ce ll s/m l

in  R P M I 1 64 0 /1 0 %  fe tal  ca lf  seru m . T h e  cells  w ere

stim u la ted  w ith  o r w ith ou t g rifo lan  (1 0 0 , 50 0 m g /m l)

o r l ip o p o ly sacch ar id e  (1 0  m g /m l)  a t  3 7ÊC  fo r  2 4 ±4 8

h  in  a  h u m id ified  5 %  C O
2
 in cu bato r. A f te r  th e  in cu-
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b atio n ,  cu lture  su pern atan t w as co llec ted  b y  cen trif -

u g atio n  a t 30 0 g  fo r  5  m in . M acro p h age s ad h er in g  to

th e  cu ltu re  p la te  w ere  ly sed  in  d is t il led  w ate r  b y  re -

p eated  f reez in g  an d  th aw in g  ( th ree  t im es) , fo llow e d

b y  t h e  a d d i t i o n  o f  a  t w o f o l d  c o n c e n t r a t i o n  o f

R P M I 1 6 4 0 an d  fil tr at io n  th ro u g h  a  sy r ing e  fi lte r u n it

(0 .2 0  m m , C o rn in g , N ew  York , N Y, U S A ) .

Preparation of m urine peritoneal macrophages

P eriton ea l m acro ph ag es w ere iso lated  from  IC R  m ice,

in jec ted  in tr aper ito n ea lly  w ith  2  m l p ro teo sp ep to n e

3  d ay s b efo re  p eri to n ea l lavag e  w ith  1 4  m l H an k s’

b a lan ced  sa lt so lu tio n (H B S S ; N issu i P h arm aceu ti -

ca l C o . L td , To k yo ,  Jap an ) co n ta in in g  5  m m o l/ l N -2 -

hy d r o x y e th y lp ip e r a z in e -N -2 -e th a n esu lp h o n ic  a c id

(S ig m a C h em ica l C o .) , 1 00  U /m l p en ic il lin , 1 0 0  m g /

m l strep tom y cin  (M eij i S eik a  K aisha  L td , To k yo, J a-

p an ) an d  5  U /m l h epar in  (W a ko  P u re  C h em ica l C o .

L td ). T h e  c e l ls co llec ted  w e r e  w ash e d  tw ice  w ith

R P M I 1 6 4 0  and  th en  cu ltu red  in  R P M I 1 6 4 0  co n ta in -

ing  1 %  h eat-in ac tivated  fe ta l ca lf  ser um . T h e  ce lls

w e r e  a llo w ed  to  ad h e r e  to  a  9 6 -we ll  c u ltu r e  p la te

(S u m ito m o  B akeli te  C o . L td , To k yo , Jap an)  for  3 h

at 3 7ÊC  in  a  5 %  C O
2
 in cu bato r  in  1 0 0  m l cultu re

m e d ia . T h e  c u l tu re  w a s  th e n  w a sh e d  tw ic e  w i th

1 00 m l/w ell o f  cu ltu r e  m ed ia  to  rem o ve no n -ad herent

ce lls.

Determ ination of tum or necrosis factor (TNF)-a  by
enzym e-linked immunosorbent assay (ELISA)

Fo r  th e  E L IS A  sy stem , a  9 6-w ell p la te  (M S  8 5 96 -F,

S u m itom o B akelite  C o . L td)  w as co a ted  w ith  ra t an ti-

m o u se  T N F - a  m on o clo n al an tib o d y  (m A b ; P h arm in -

gen ,  S an  D iego , C ali f o rn ia , U S A )  in  a b icarb on ate

bu ff er (p H  9 .6 ). U n coated b in d in g  sites in  th e  w ells

w e re  b lo ck ed  w ith  p h o sph ate -bu ff e red sa lin e co n ta in -

in g  0 .2 5%  bo v in e  seru m  a lbu m in (B ioce ll  L ab o ra to -

ries,  C arso n , C alif o rn ia , U S A ) an d  0 .0 5 %  Tw een  2 0

(W ako  P u re  C h em ica l C o . L td ) (B P B S T ). T h e  w ells

w e re  in cu b ated  w ith  5 0  m l o f sam p le, culture  sup er-

n a tan t or  ce ll  lysa te  in  d u p lica te  a t  3 7ÊC  fo r 40  m in

and  th en  ex po sed  to  rab b it po lyc lon al antim ou se  T N F -

a  (G en zy m e C o ., B o sto n , M assach u se tts ,  U S A ) . T h e

p la te  w as d evelo p ed  u sin g  p ero x id ase-lab e led  g o at

an ti rabb it im m un o g lo bu lin  ( Ig )G  (O rgan o n  T ek n ik a ,

West C h ester,  P en n sy lv an ia , U S A ) an d  p er ox id a se

su b s trate  (3 ,3 Â5 ,5 Â-te tra m e thy lb e n zid in e  m ic ro w ell

p ero x id ase  su b stra te  sy stem ; K ir kegaard  an d  P er ry

L ab ora to rie s In c., G aither sbu rg ,  M ary lan d, U S A ) . A l-

iqu o ts o f reco m b in an t m o u se  T N F - a  (R & D  S ystem s,

M in n eap o lis,  M in n e so ta , U S A )  d is so lve d  in  5 0 m l

B P B S T  we re  u sed  to  co n str uc t  a  stan d ard  cu r ve .

RNA isolation and Northern blot analysis

Tota l R NA  w as ex trac ted  fro m  1 .0 ´ 1 0 7  ce ll s b y  the

sing le-s tep  g u anid iniu m  th io cya n ate±p h en o l±ch lo ro -

fo rm  m eth o d [9 ]. T o ta l  R NA  (2 0 m g ) w as su b jec ted

to  agaro se±fo r m ald eh y d e  ge l  e lec tro p h o resis,  b lo t-

ted  o n to  ny lo n fi lte rs , H y b o n d -N  (A m ersh am  C o rp. ,

A r ling ton  H eig hts, I l lino is, U S A ), an d cro ss- lin ke d

by  exp o sure  to  u ltr av io le t  lig h t for  5  m in o n  each  side .

T h e  fi l te r s w e re  p reh y b rid ized  in  5 0 %  fo rm am id e ,

5 ´ sa lin e  so d iu m  p h o sp h ate  e th y len ed iam in ete tra -

ace tic  ac id  (S S P E ) , 0 .5 %  so d iu m  d o d e cy l su lfa t e ,

5 ´ D en h ar d t ’ s so lu tio n , an d 5 0  m g/m l sa lm o n  D N A

fo r  4 h  a t  4 2ÊC . O v ern ig h t hy b rid iza tio n  w as  p e r-

fo rm ed  a t  4 2ÊC  in  th e  sam e bu ff er  co n ta in in g 2 ´ 1 0 6

cp m /m l o f th e  T N F - a  p ro b es th a t h ad  b een  rad io la -

b e led  w ith  ( a - 32 P )  d eo x y  (d )C T P  (3 0 0 0  C i/m m o l;

A m ersham )  by  th e  M e gap rim e D N A  lab elin g  sy stem

(A m ersh am ). T he T N F -a  p ro b e  w as a  1 .3 -k b  E co R I

frag m en t in  m ur in e T N F - a  p la sm id  D NA , p JT-1  (S .

N ator i, To k yo  U niversity,  Jap an) . T h is  w as fo llow ed

by  washes in  2 ´ S S P E , 0 .1 %  so d iu m  do d ecy l su l-

fa te  a t  4 5ÊC  (2 ´ 1 5  m in ), in  1 ´ S S P E , 0 .1 %  so d iu m

d o d ecy l su lfa t e  a t  4 5ÊC  ( 1 ´ 3 0  m in )  an d  th e n  in

0 .1 ´ S S P E , 0 .1 %  so d iu m  d o d ecy l su lfa te  at  4 5ÊC

(1 ´ 30 m in). T h e  fi lte rs w ere ex p o sed  to  th e  im ag -

ing  p late  a t r o o m  tem p eratu re  f o r  3  h . T h e  au to rad io -

g rap h ic  sig nals w ere  m easu red  by  a  b io -im ag in g  an-

a ly zer (BA S  20 0 0 ; F u ji  F ilm , To k y o, Jap an ).

Electrophoresis and Western blotting

C ellu la r  ex t rac ts  w ere  su b jec ted  to  so d iu m  do d ecy l

su lfa t e±p o ly a c ry lam id e  g e l  e le c tr o p h o re sis  as  d e -

sc rib ed  p rev io u sly  [10 ]. A f te r sep ar atio n  w ith  1 0 %

gels , th e  ge ls w e re  wash ed  an d  eq u il ib ra ted  in  tr ans-

fe r b u ffer  f o r  1 5 m in  an d th en  e lec tr o tran sfe rred  to  a

p olyv iny lid en  d if lu o rid e  m em b r an e. Im m u n o b lo ttin g

o f th e  m em bran e  w as p er fo rm ed afte r b lo ck in g  n o n -

sp ec ific  b in d in g  by in cu b a tio n  w ith  1 %  b ov in e  se-

ru m  a lb u m in  an d  0 .0 5 %  Tw een  2 0  in  tr is-hy dr ox y m e-

thyl- am ino  m ethan e (T R IS )-bu ffe red sa lin e  a t p H 7 .5 .

D etec tio n  was by  a  p ero x id ase-lab e led  an tip h o sph o -

ty ro sin e  rec o m b in an t an tib o dy  (R C 20H ; T ran sd u c-

tio n  L ab o rato rie s, L ex in g to n , Kentu cky, U S A ) an d  a

n o n - iso to p ic  ch e m ilu m in escen t sy s tem  (E C L , A m -

ersh am ) .

Im munoprecipitation of CR3 and its associating
proteins

M acro p h ages w e re  cu ltu red  w ith  var io u s stim u li , an d

then  the  ce lls  were  ly sed  w ith  ly sin g  bu ff er co n ta in -

in g  2 0 m m o l/l  T R IS  ( p H 8 .2 ) ,  1 4 0 m m o l /l  N a C l ,

2 m m o l/l  e th y len e d iam in ete tr aac e tic  ac id  (E D TA ),

1 %  B r i j - 5 8  ( P ie r c e ,  R o c k f o r d ,  I l l i n o i s ,  U S A ) ,

5 m m ol/l  io d o acetam ide , ap rotin in , leu p ep tin  (10  m g/

m l ) , 1 m m o l /l  p h e ny lm e th y lsu l fo n y l  f lu o r id e  a n d

1 m m o l /l  so d iu m  o rth o va n a d a te  [1 1 ] .  T h e  ly sa te ,

w h ich  was p read so rb ed  w ith  an tim o u se  Ig G  an tib od y -

co n ju g ated agaro se, w as incu b ated  o ve rn igh t ( ro ck -
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in g  a t 4ÊC ) w ith  an ti -C R 3  m o n o clon al an tib o d y, an d

th e n  a n tim u rin e  Ig G  a n tib o d y -c o n ju gated  agar o se .

T h e  prec ip ita te  w as w ash ed  th ree  tim es w ith  ly sin g

bu ff er  and  resu sp en d ed in  2 ´  L aem m li  b uf fe r (4%

so d iu m  d o d ecy l su lf ate , 2 0 %  g ly cero l, 1 20  m m o l/ l

T R IS , pH  6 .8 , and  0 .0 1 %  b ro m o ph en o l b lu e) w ith

1 2 %  2 -m ercap to eth an o l, b o iled  fo r 3  m in  an d  th en

elec tro p h o r esed  th ro u g h  1 0 %  so d iu m  d o d ecy l su l-

fa te±p o ly acr y lam id e  g el. T h e  p r o te in s w ere  tran s-

fe rred  to  the  p oly v in y lid en  d iflu o r id e  m em bran e  af-

te r  e lec tro p h o re sis ,  an d  th e  m e m b ran e  w as p r o b ed

w ith  R C 2 0 H  as d escrib ed ab ov e.

Results
Effect of various b -g lucans on TNF-a  production by
m acrophages in vitro

S in ce  gr ifo lan  w as able  to  stim u la te  m acro p h ages  to

p ro d u ce  in te rleu k in  ( IL ) -1 a ,  IL -6 , an d T N F - a  in  v it -

ro , w e  inv estig a ted  the  q uestio n  o f  w h eth er  o th er so l-

u b le  an d g e l- fo rm in g  g lu can s are  ab le  to  in d u ce  sim -

ila r  cy to k in e  p ro du ctio n. W e  fo un d  th a t  R AW 2 64 .7

ce lls cultu red w ith  5 0 0  m g /m l of  so n if ilan , S cle ro tin -

ia  sc le ro tio r u m ,  lam in arin  an d  d e x tra n  fo r  2 4 h  a t

3 7°C  d id  n o t in d u ce  any  re lease  o f T N F - a  (T able  1 ) .

T h is  resu lt  w as fu rth er co n firm ed  by  N o r th ern  b lo t

ana ly sis  in  w h ich  n o ex p ression  o f T N F - a  m essen -

ger (m )R N A  was o b served  in  cu ltu r e  w ith  son ifilan ,

lam in arin  an d  d ex t ran  (d a ta  n o t sh ow n ) [1 2] . T h ese

resu lts in d ica ted  th a t  g r ifo lan  is th e  o n ly  ac tiv e  ge l-

fo r m ing  b -g lu can  te sted  in  th is  stu d y.

Pretreatm ent effect of inactive b -g lucans on grifolan-
inducible macrophage activation

To  estab lish  w h eth er o r n o t th e  in ac tiv e  g lu cans co u ld

b e  re cog n iz ed  by  th e  m acro p h ages , w e  inv estig ated

th e  eff ec t o f var io u s b -g lu can s o n  g r ifo lan- in d u cib le

T N F - a  re lease  by  R A W 26 4 .7  cells . T h e ce lls were

cu ltu red  w ith  25 0  m g/m l gr if o lan  in  th e  presence  o f

1 0 0 , 2 50  o r  5 0 0 m g /m l o f  so n if ilan , S cle ro tin ia  sc le -

ro tio rum g lu can , lam in arin  an d  d ex tra n  a t  3 7°C  fo r

1 2  h , an d the T N F - a  co n centr a tio n in  each  cu ltu re

su p ern a tan t w as q u antif ied  b y E L IS A . A s sh ow n  in

Tab le  2 , T N F - a  re lease  w as sig nifican tly  redu ced  by

th e  p re tr ea tm en t w ith  in ac tive  g lu can s. G r if o lan  at-

tach in g  o r en d o cyto sed  by  m acro p h ag es w as a lso  re -

d u ced  by  th e  p re tr ea tm ent. I t  was th ere fo re  su g gest-

ed  th at  inac tive b -g lu can s co u ld  b e  b ou n d  to  th e  ce ll

su r face  to  w h ich gri fo lan  w o uld  in terac t  to  stim ula te

cy to k in e  p ro d u ctio n .

Effect of prote in kinase C or calmodulin on TNF-a
production induced with grifo lan

To  ex am in e  th e  in trace llu la r  sig n alin g  p athw ay  for

th e  T N F - a  ind u ctio n  by  gr if o lan , th e  ex p ressio n  lev -

e l o f T N F - a  m R N A  o b ta in ed  f ro m  p ro te in  k in ase  C

inh ib itor-  o r ca lm o du lin  an tag o n ist-trea ted  ce lls  w as

d ete rm in ed  b y  N o rth ern  blo ttin g  an a ly sis. H -7  o r W -

7  was u sed  as th e  e f fec tive  in h ib ito r fo r pro te in  k i-

n ase  C  o r  ca lm od u lin , r esp ec tive ly. T h e  resu lts  a re

sh ow n  in  F ig . 1 .

W ith  H -7 , th e  m R NA  o f  T N F - a  was red u ced  to  4 0

m m o l/l , w h ile  th e  n eg ative  co n tr o l  reag en t, H A 1 0 0 4 ,

d id  n o t a ffec t th e  ex p ressio n  o f  m R NA . In  co n tr ast to

th e  p rote in  k in ase  C  in h ib ito r,  th e  ca lm o d ulin  an tag -

o n ist , W -7 , d id  n o t red uce  th e  m R NA  level of T N F -

a . T h ese  d ata  sug g est th at pro te in  k in ase  C  h as an

im p o rtan t ro le in  in du cin g  T N F - a  p ro d u ctio n.

Effect of inhibitors for tyrosine kinases on TNF-a
induction by b -glucan

Ty ro sin e  p h o sp ho ryla tio n h ad  a lso  b een  rep o r ted  as

an  im po r tan t e lem en t in  th e  sig nal tr an sdu ctio n  [13 ] .

We  th ere fo re  exam in ed  th e  p re tr ea tm ent e ff ec t  o f  ty -

ro sine  k in ase  in h ib ito r s o n  T N F - a  p ro d u ctio n . A ll  in -

h ibito r s o f  ty ro sin e  k in ases sh ow ed  a  sig n ifican t in -

h ib ito ry  eff ec t o n  th e  p ro d u ctio n  o f  T N F -a , im p ly in g

th at  th e  ac tivatio n  p a th w a y s fo r th is T N F - a  p ro d u c-

tio n  we re  reg u la ted  b y  ty ro sin e  k inases (F ig. 2). To

eluc id a te  w h at ph o sp h o ry la ted  pro te in  w as invo lv e d

in  th e ac tivatio n ,  w e ex trac ted  th e  ce llu lar p ro te in s

an d  sub jected  th em  to  Wester n  b lo tt in g  an a ly sis u s-

in g an tip h o sph o tyrosin e  antib o d y. Fig . 3  clearly  d em -

o n stra tes th at m itog en -ac tiva ted  p ro te in  k in ases h ave

two  d iffe ren t m o lecular w eig h t en zy m es,  at  4 2 00 0

an d  44 0 0 0 , p ho sp h o ry la ted  b y  stim u la tio n  w ith  zy -

m o san  an d  g r if o lan . T h e resu lts co n fir m ed  th a t ty ro-

sin e  p h o sp h o ry la tio n  w ill  b e  in d u ced  b y  cy to k in e-

in du cib le b -g lu ca n s.

Table 1. Effect of various g lucans on tumor necrosis factor (TNF)-
a  production  by m acrophages in vitro. RAW 264.7  ce lls were cu l-
tu red with  seve ra l concentra tions o f glucans for 24 h at 37°C in  a
humidified CO2 incubator

G lucans (500 m g/m l) TNF- a  (ng /m l)

Grifolan 10.4
Sonifilan 1 .4
Sclerotinia sclerotiorum  glucan 0.5
Lam inarin 1.1
Dextran 0

Table  2. Inh ibitory e ffect (% ) o f b -glucans on tumor necrosis fac-
to r- a  production  induced with grifolan. RAW 264.7  ce lls were cu l-
tu red with  a  m ix ture of g rifo lan  and the g lucans ind ica ted

Glucans 1 00 m g/m l 250  m g/m l 5 00 m g/m l

Sonifilan 11.8 51.0 71.6
SSG 27.2 46.2 55.1
Laminarin 50.6 43.7 38.6
Dextran 0 0 4.4

SSG , Sclerotinia sclerotio ru m  glucan.
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Fig. 3. Phosphorylation  o f m itogen-activa ted p rote in kinase  in
macrophage lysate  induced with  va rious stimu li. GRN , g rifolan;
SPG, sonifilan ; LAM , lam inarin; ZyM , zym osan.

Fig . 2. Effect of tyrosine  kinase inhib ito rs on  the production  of tumor necrosis  facto r
(TNF)-a  by RAW 264.7 . LPS, lipopolysaccharide; GRN, grifolan; ZyM , zymosan.

Fig . 1. Effect of signal transduction inh ibitors on tumor necros is  factor (TNF)-a  m essen-
ger R NA. Expression  was induced with  grifolan. RAW 264.7  cells w ere stimu lated  w ith
grifo lan  (500 m g/m l) w ith  and withou t inh ibitors for 6 h at 37°C.

Fig. 4. Tyrosine phosphorylation of CR3-associating proteins. LPS,
lipopolysacchar ide; GRN, grifolan; ZyM , zymosan; LAM , lam inarin.
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Tyrosine phosphorylation of 38 000 molecular weight
prote in associating with CR3

R ecen tly, R o ss an d  h is  co llea g u es  [1 4 ]  r ep o rted  tha t

co m p lem en t recep to r  ty p e  3  (C R 3 ) w as a b -g lu can

rece p to r. C R 3  is  a  he tero d im er  tran sm em b ran e- ty p e

ce ll- su r face  m o lecu le  d istr ibu ted  o n  p h ago cy tes su ch

as m acro ph a ges and  n eu tro p h ils [1 5 ]. T h e  m ech an ism

o f  th e  sig n al tran sd u ctio n  g en era ted  b y  l igan d -b in d -

in g  to  C R 3  is n o t fu lly  u nd ersto o d .  W e tr ied  to  d e ter-

m in e  w h eth er th ere  a re  p h o sp h ory la ted  p rote in s as-

s o c i a t i n g  w i t h  C R 3  a f t e r  t h e  s t i m u l a t i o n  w i th

b -g lu cans. T h e  m a cro p h a ge s w ere  in c u b ate d  w ith

severa l  st im u li an d then  ly sed  w ith  ly sin g b uff er co n-

ta in ing  N o n id e t P -4 0,  vario u s p r otease  in h ib ito rs an d

a  p h o sp h atase  in h ib ito r. T he  cell  ly sa te  w as im m u -

n o p rec ip ita ted  w ith  an tim u rin e  C R 3  m o n o clo n al an -

t ib o d y an d  an ti ra t Ig G  agaro se .  T h e  p rec ip ita t io n  was

lo ad ed  to  so dium  d o decy l sulfa te±po ly acry lam id e  gel

e lec tr op h o resis an d  b lo tted  o n  th e  p o ly v in y lid en  d i-

flu or id e  m em b r a n e. P ho sp h o ry la tio n  w as d e tec ted  b y

P OX -c o n ju g ate d  an ti-p h o sp h o ty ro sin e  m o n o clo n a l

a n tib o dy. B io tiny la ted  C R 3  w as  p r e c ip i tat ed  w ith

C R 3  a n tib o dy, an d  th e  m o lec u la r  w e ig h t sh o w e d

1 65 0 0 0  an d  9 5 0 0 0  by  in cu b atio n  w ith  P O X -co n ju -

ga ted  str ep tav id in  (d ata  n o t sh o w n ). W h en  th e  m em -

b ran e  was p r o b ed  w ith  an tip h o sp h oty ro sin e  an tibo d y,

a t le ast  tw o  p o sit ive  b an d s em erg e d,  at  3 8 0 00  an d

3 6 0 0 0  (F ig . 4 ) . In  a  com par iso n  o f th e st im u li, l i-

p o p o ly sacch ar id e  in cre ased  th e  p h o sp h o ry la tio n  o f

th e  3 6 0 0 0  m o lecu lar w eig h t p ro te in  w ith  in cu b atio n

fo r 30  m in,  w h ereas g rifo lan  an d  zym osan  in d u ced

p h o sp h ory la tio n  o f th e  3 8 0 0 0  m o lecu la r  w eig h t p ro -

tein . T h ese  results  sug gest th a t th e  b -g lu can s can in-

crease  th e  ph o sp h o ry la tio n o f  th e  3 8 0 0 0 m olecu la r

w eig ht p ro te in  asso c ia tin g  w ith  C R 3  m o lecu les.

Discussion

T h e presen t resu lts sh ow  h ow  b -g lucans activate m ac-

ro p h ages to  p r o du ce  vario u s in flam m ato ry  cy to k in es

w ith  resp ec t to  th e  in trace llu lar sig n alin g  p a th w ay.

C o m p arin g  str uc tu re±activ ity  re la tio n sh ip s in  sever -

al b -g lu c an s , w e fo u n d  th a t  g r ifo lan  an d  zy m o sa n

w e re  th e  o n ly  ac tive b -g lucan s tested  in  th is  stu d y.

Z y m o san  h as b e en  rep o r ted  to  b e  a  s tr o n g  m acro -

p h age  ac tiva to r  in  b o th  cy to k in e  an d  su p erox id e  p ro -

d u ctio n [1 6 ]. A lth o ug h ,  the  m o rp ho lo g y  of  g r ifo lan

is n o t a  p art ic le  form  lik e  th a t o f zym o san , g r if o lan  is

a  u n iq u e g e l- fo rm in g  ac tive  b -g lu can  o n  th e  cy to k in e

in d u ctio n .

W hen  seve ra l  in h ib ito rs w e re  u sed  f o r  ty ro sin e  k i-

n ases an d  p ro tein  k in ase  C , th e  im p o r tan ce  of  th o se

k in a se s fo r  cy to k in e  p ro d u ctio n  w as  su g g e ste d .  I t

seem s th a t p ro tein  k in ase  C  in  p art icu lar is c lo se ly

re la te d  to  th e  ex p ressio n  o f th e  T N F - a  m R NA , w hile

ca lm o d u lin  is n o t.  In  th e  ca se  o f  ty ro sin e  k in ases,

gr ifo lan  in d uced  p h o sp ho ry la tio n  o f m ito g en -ac tivat-

ed  p ro te in  k in ase,  w h ich  is  k n ow n  to  b e  an  im po r tan t

sig n al tran sdu ctio n  e lem en t [13 ]. T he  rec og n ition  sys-

tem  for th e b -g lucan s h as recen tly  b een  revea led  as

C R 3 [1 4 ] , o n e  o f  the  in tegr in  m olecu le s. S o lub le, in -

ac tiv e b -g lu ca n s a lso  b in d  to  C R 3 ,  a l th o u g h  th o se

g lu cans h ad  n o  effec t o n  the  cy to k in e  p rod u ctio n  [1 4 ].

T h e  p resent stu d y sh ow ed tha t  so lu ble b -g lu can s

h ad  an  an tag o n istic  e ff ec t  o n  g r if o lan - in d u ced  T N F -

a  p ro d u ctio n.  G r if o lan  m ig h t be  e ff ec tive  fo r  in du c-

in g  ac tivatio n  of  C R 3  m o lecu le s by  cro ss- lin kin g  th e

m o n o m er C R 3  to  m u ltim er. P e tty  an d To d d [1 7 ] r e -

p o rted  th a t activa tion  of  C R 3 g en erated  in teg ratio n

o f  a  he tero re cep tor  m o lecu le  co m p lex . It  is  p o ssib le

th at  som e ad ap ter  p rotein s in  cy top la sm  co m e togeth er

w ith  th e in tegra ted  C R 3  an d  oth er  rece p to r  m o lecu le s.

O u r  re su lts  sh o w  th a t ac tiva tio n o f m acr o p h ages by

gr ifo la n  in d u ces  su ch  p ro te in  in teg ra tio n , a n d  th at

th o se  p ro te in s a r e  su b s tra tes  fo r  ty ro s in e  k in ase s.

F u rther  w o rk  is  n eed ed  to  c la rify  th e ac tiva tion  m ech -

an ism s in  d e ta il  by  stim u la tio n  w ith  g r if o lan . H ow -

ever, th is  stud y  p rov ides so m e da ta  fo r the  un derstand -

in g of  im m u no p h arm aco lo g ica l e ffects  of b -g lu can s

o n  th e h ost  d efen se .

Conclusions

G rifo lan  has p otent cytok ine-in du cin g activ ity  in  m ac-

ro p h ag es. T h e  in tra ce llu lar  p a th wa y  is a ffec ted  b y

p ro te in  k in ase  C  an d ty ro sin e  k in ases, su ch as m i-

tog en-activa ted  p ro te in  k inase . F ur th erm o re,  C R 3 , a

b -g lu can  rec ep to r, m ig h t tak e  p ar t in  th e  ac tivatio n

b y  asso c ia tin g  w ith  th e  su b str a te  fo r ty ro sin e  k in as-

es.
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