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G lu ca n s a re (1 ®® ®® ® 3 )- bb bbb -D-g lu co se  p o ly m ers th at  a re fou n d
in  th e cell  w a ll o f  fu n g i, b a cteria a n d  p la n ts. G lu ca n s
a re  k n ow n  to  st im u la te h u m or al a n d  cell -m e d ia te d  im -
m u n ity  in  h u m a n s a n d  a n im a ls. In  a d d itio n  to th e p o -
ten t im m u n e stim u la to ry  ef fects  o f  (1 ®® ®®® 3 )- bb bb b -D-g lu ca n s,
th ere  a re  a  n u m b er o f  to x ico lo gic a l effe cts  a ssoc ia ted
w ith  ex p o su re to  th e w a te r- in so lu b le ,  m icro p a rtic u late
fo rm  of th e p olym er. R ecen t inv estig atio n s h av e su gg est-
ed  a  p o ten tia l  ro le  fo r (1 ®® ®® ® 3 )- bb bbb -D-g lu ca n s in  in h a la tio n -
a l  tox ic ity. S p ecific ally,  (1 ®® ®® ® 3 )- bb bbb -D -g lu ca n s h av e b een
im p lica ted  in  th e sym p tom a to lo gy  a ssoc ia ted  w ith  `sick
bu ild in g ’ sy n d ro m e.  T h e  m ec h a n ism s b y  w h ic h  (1 ®® ®®® 3 )-
bb bb b -D -g lu can s m ed ia te im m u n e st im u latio n  an d , p erh ap s,
to x ic ity  a re cu rren t ly  u n d e r investig a tio n . It  is  n ow  e s-
ta blish e d  th a t  (1 ®® ®® ® 3 ) - bb bb b - D-g lu c a n s a re re c og n iz ed  b y
m a c ro p h a ge s a n d , p er h ap s,  n e u tro p h ils  a n d  n a tu ral
k iller  cells via a  (1 ®® ®® ® 3)- bb bb b -D-glu can  sp ecif ic  recep to r. Fo l-
low in g  recep to r b in d in g, g lu ca n  m od u lates m acro p h a ge
cy tok in e ex p ressio n . H ere w e re v iew  th e c h em istry, im -
m u n ob iolo gy an d  to xic ity of  (1 ®® ®® ® 3 )- bb bbb -D-g lu can s a n d  h ow
it  m ay  re late  to  eff ects ca u sed  b y  in h a lat io n .
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Introduction

G lu can s are  p o lym ers o f g lu co se  th a t a re  w id e ly  d is-

tribu ted  th r o u g h o u t th e  b io sp h ere  [1 ] . S p ecifica lly,

g lu can s are  fo u n d  in  th e  cell walls of  p lan ts , b ac te ri a

an d  fu n gi, as m ino r  co nstitu en ts o f fun g al cy to sol an d

as p o ly m ers w h ich  are  secre ted  in to  th e  env iro n m ent

by  g lu can -p ro d u cin g  m icr o o rgan ism s  [1 ] . G lu ca n s

can  b e  b ro ad ly  c la ssif ied  acco rd in g  to  th e  ty p e  of  in -

trach ain  l in k ag e  o f th e  p o ly m er,  a s a -  o r  b -l in k ed  [1 ].

T h e  b -lin ked  g lu can s are  th e  p red o m in ant fo rm  fo un d

in  fu n gi [1 ] . I t  is  th e  fu n g al- d erived  (1 ® 3 ) - b -D -g lu -

can s wh ich  h ave  b een  rep o rted  to  m o d u late  var io u s

asp ec ts  o f im m u nity  [2 ±5 ] . In  th e  fu n gal ce ll w all ,

(1 ® 3 ) - b -D -g lu can s are  lin k ed  to  pro te in s, l ip id s an d

o ther  carb o hy d ra te s su ch  as m ann an  [1 ] .

T h e  sp ec ific  fu nctio n  o f g lu can s in  th e  p hy sio lo gy

o f fu n gi is  n o t c lear ly  un d ersto od. H o w ev er, it  is  g en -

era lly  co n sid ered tha t  th e  p r im ary  fu n ction  o f th ese

p o ly m ers is  a  stru c tu ra l o n e  in  th a t th ey  h e lp  to  m ain-

ta in  th e  rig id ity  an d  in tegr ity  o f  th e  fu ng al ce ll w all

[1 ]. T h e  g lu can p o ly m ers in  th e  fu n g al ce ll w all m ay

fo rm  a  m esh w o rk, d u e  to  th e  p resence  of  (1 ® 6 ) - b -D -

g lu co p yrano se  sid e-chain  b ra n ch es, w h ich  m ay  co n -

n ec t ad jacen t (1 ® 3 ) - b - D -g lu can p oly m ers [1 ] . F ig . 1

sh ow s th e  b a sic  str u c tu re  fo r  a  n o n -b ran ch ed  (1 ® 3 ) -

b - D -g lu can  p o ly m er  an d  fo r a  (1 ® 3 ) - b -D -g lu can  p o l-

y m er  w ith  sin g le  (1 ® 6 ) - b  sid e-ch ain  b ran ch es.

G lu c a n  p o ly m e rs  c an  ex ist  a s a  s in g le  p o ly m er

stran d  w ith  a  h e lica l con fo rm atio n  ( sin g le  h e lix ) or

as a stab le co m p lex  o f  thr ee  p o ly m er  stran ds fo rm in g

a  tr ip le  h elix  [6 ]. T h e tr ip le  he lix ,  wh ic h  ap p ears to

b e  th e  p re ferr ed  fo rm ,  is stab il ized  by  ex ten sive  hy -

d rog en  b o n d in g  at  th e  O -2  h y d rox y l [7 ±1 0 ] .

Im munologic effects of (1® 3)- b -D-g lucans

T h e ab ili ty  o f n a tu ra lly  o ccu rr in g  co m p lex  p o ly sac-

charide  po ly m ers to  m o d ula te  im m un ity  h as been w ell

d o cu m en ted  [2±5 ] . In  1 9 5 9 , B en acerraf et a l. [1 1 ]

d em o n str a ted  th a t zy m o san , a  g luco m an n an  iso la ted

fro m  S accharo m yces cerevisiae , prod u ced  m arked  hy -

p erp la sia  an d  hyp er fu n ctio n ali ty  in  fixed  ti ssu e  m ac-

ro p h ages.  D i L u zio  an d M o rrow  [1 2 ], C u tle r [1 3 ] an d

Kelly  an d  co lleag u es [1 4 ]  co n firm ed  an d  e x ten d ed

the  w o rk  o f B en acerra f  e t a l . [1 1 ]. In  1 9 6 1,  R ig gi an d

D i L uzio  [1 5 ] d em o n stra ted  th a t g lu can , a  (1 ® 3 ) - b -

D - l in k ed  g lu c o p y ra n o se  p o ly m er , w a s  th e  m a c r o -

p h age-st im u latin g  ag en t in  zy m osan . N u m ero u s stu d -

ies h ave  sh ow n th a t  (1 ® 3 ) - b - D -g lucan  p o ly m ers w il l

in crease  th e  fu n ctio n  o f m acro p h ag es [1 6 ±1 9] , n eu -

tro p h ils [20 ,2 1 ]  an d  o th er  im m u n o cytes. T h ese  o b -

se rvatio n s h ave  stim u la ted  investig a tio n  in to  the  p o -

tentia l  b io m ed ica l ap p lica tio n s o f p o ly m er ic  (1 ® 3 ) -

b - D -g lu can s [4 ]. U n fo r tu nate ly,  there  w ere  a lso  to x i-

co lo g ical  e ffec ts  asso c ia ted  w ith  th e  sy stem ic  adm in -
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is tra t io n  o f  these  agen ts. U p o n  in it ia l  iso la tio n  fro m

yeast,  (1 ® 3 ) - b -D -g lu can s ar e  u sually  wate r -inso lu-

ble  m ic ro p articu lates [6 ]. S y stem ic  (in trav en o u s)  ad -

m in istra t io n  o f  g lu can  m icro p ar ticu la tes is assoc ia t-

ed  w ith  hy p ertrop h y  an d  hy p erp lasia  o f m acr o p h ag e-

ri ch  o rg an s su ch  as th e  l ive r, lu n g  an d  sp leen. S p ecif-

ica lly, g ra nu lo m a fo rm atio n is o b served  [2 2 ]. In te r-

esting ly,  m any  w ork ers h ave  re p o rted  tha t  if  (1 ® 3 ) -

b - D -g lu cans ar e  co nve rted  to  a  w a te r- so lu b le  fo rm ,

th e  im m u n o lo g ic  ac tiv ity  is  p reserved , bu t th e  u n d e-

sirable  sid e  e ff ec ts  a re  e l im in ated  [2 3 ].

T h e  stud ies b y  R y lan der  an d  Fo gelm ark  an d  co l-

leag u es  [24 ±2 8]  su g gest th at  th e  e ffec ts  o f  (1 ® 3 ) - b -
D -g lucan s in  pu lm o nary  sy m p tom ato log y m ay  inc lud e

sy nergy  w ith  en do to x in . T h ere fo re , an  im p o rtant as-

p ec t of  g lu can ’ s im m u n o bio lo gica l ac tiv ity  is i ts  ad-

ju van t e ffec t. N u m erou s stu d ie s h ave  dem o n stra ted

th e  ab ili ty  o f  (1 ® 3 ) - b -D -g lu can s to  exe rt ad ju van tic -

ity  wh en  co m b in ed  w ith  a  va rie ty  o f b ac teria l, v ira l

o r p arasite  vacc in es [2 9 ±3 6 ]. G lu can  h as b een  sh ow n

to  in crease  h u m o ra l an d  ce ll- m ed ia ted  im m u n ity  to

an tigen s [2 9 ±3 6 ] . In  ad d it io n ,  g lu can s h ave  d em o n -

stra te d  ad d itiv e  o r  sy n e rgist ic  e ffec ts  o n  im m u n ity

w h en  co m b in ed  w ith  a  va rie ty  o f agen ts [1 7 ,1 9 ].

Receptor-m ediated binding of a (1® 3)- b -D -g lucan to
the hum an m acrophage cell line U937

T h e  ce llu lar  a n d  m o le cu lar  m e ch a n ism s b y  w h ich

(1 ® 3 )- b -D -g lu can s m o d u la te  im m u n ity  a re  ju st b e-

gin n in g to  em erg e.  W e h ave  sho w n  tha t  g lu can s m e-

d iate  im m u n o lo gica l ac tiv ity, in  p art, v ia  m acro p h age

p artic ipa tion  [17 ,19 ]. F og elm ark  et a l. [28 ] have spec-

u la ted  th a t g lu cans m edia te  p u lm o nary  eff ec ts d ue ,

in  par t, to  th e ir e ff ec t o n  m acrop h ages. T h e  fi rst ste p

FIG . 1 . Primary structu re o f a sing le, non-br anched and a  single, b ranched (1® 3)- b -D -
g lucan polymer. The backbone of the  glucan po lym er is composed o f glucose subunits
connected by in trachain  glycosidic (1® 3)- b -linkages. In  a  b ranched (1® 3)- b -D -g lucan
polymer, the b ranches are connected by (1® 6)-b -linkages. In  th is m odel, the side-chain
b ranches are a  sing le glucose subunit. G lucan po lym ers can  exis t as a single  polymer
strand  with  a  helica l confor m ation  (sing le helix) or as  a  stable  complex of th ree  polym er
strands fo rm ing a tr iple  helix. The tr ip le he lical fo rm  is genera lly considered to  be the
preferred fo rm  in  natu re.
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in  th e  in terac tio n  o f g lu can  w ith  m am m alian  m acro -

p h ages is  th o u g h t to  involv e  th e  b in d in g o f  (1 ® 3 )- b -

D -g lu can  to  a  m acro p h age  recep to r [3 7±40 ]. T he in

v ivo  sig n ificance  o f  th ese  rec ep to r stud ies is  u n cer-

ta in , b ecau se  v irtu a lly  a ll  o f  th ese  ex p erim en ts w e re

lim ited  to  in  v i tro  p h ag o cy to sis an d/o r ph ag o cyto sis

in h ib itio n  assays [2 1 ,3 7 ,3 8 ].  M o re  im p o rtan tly, v ir-

tu a lly  a l l o f th ese  stu d ies u sed  w ater- inso lu b le  g lu -

cans w h ich  w ere  n o t ch em ically  charac ter ized [2 1,3 7 ,

3 8 ] .

T o  c o n clu siv e ly  d e m o n s tr a t e  th e  p r e se n c e  o f  a

(1 ® 3 ) - b -D -g lu can-spec ific  rece pto r req u ir es a  w ate r -

so lub le , ch em ica lly  ch arac terized, r ad io labe led  g lu -

c a n  l ig a n d . W e  h av e  d ev e lo p e d  a  p ro c e ss  w h ic h

ach iev es th ese  g o als  [6 ] . P re lim in ary  d a ta  w ith  the

h u m an  p ro m on o cy tic  ce ll lin e  U 9 3 7  in d ica te  th a t g lu -

can  p ho sp h ate  b in d in g  o b ey s th e  c ri te rio n  fo r sp ec if -

ic  b in d in g  in  tha t  co m p eti tio n  fo r  th e  b in d in g  sites

can  b e  d em on stra ted  in  th e  p resen ce  o f a  1 0 - fo ld  ex -

cess o f u n lab eled  lig an d  [4 1 ].

A sso cia tio n  b in din g  stud ies w ere  a lso  u n dertak en .

In  th ese  ex perim en ts, U 9 3 7  (1 ´ 1 0 6 ce ll s) w ere  co -

incu b ated w ith  va ry in g  co n cen tr a tio n s o f 3H -glucan

p h o sp h ate  for  9 0  m in (F ig . 2 ) .

W e o b served  a  rate  co nstan t (K
ob

)  of  0 .95  m in ±1,  a

d issoc ia tio n  con stan t (K
D

)  o f 3 7 l m o l/ l an d  a m ax i-

m u m  b in d in g (B
m ax

)  o f  6 .5 ´ 1 0 7 sites/ce ll. T h is in d i-

cates a  m ed iu m -affin ity  re cep to r  an d  ra p id  b in din g

o f  th e  l igan d . T h e  B m ax va lu e  m o re  th an  acco u n ted

fo r  th e  en tir e  U 9 3 7  ce ll su r face  area . T h is su g gested

th at  th e  g lu can  w as b e in g  in tern a lized  fo llow in g  re -

cep to r b in d in g .

K o n o p sk i et a l . [42 ] h ave  repor ted  th at m urine  m ac-

rop h ag es w il l  b in d an d  in te rn a lize  a  flu o rescen t la -

b e led  g lu can , w h ich  is  co n sis ten t w ith  o u r  o b serva -

t io n s. W e h ave  ex am in ed  U 9 37  ce lls  b y  elec tro n m i-

c ro sco p y  follow ing  glu can exp o su re  an d  o b served  an

in crease  in  p h ag o ly so so m e fo rm atio n  w hich  is  co n -

sisten t w ith  u p take  o f g lu can  [4 1 ]. We co n clud e  th at

th e b in d in g  an d in te rn a liza tion  o f  g lu can s by  h u m an

m acro p h ages is a  tw o -p h ase  p ro cess;  th e  f irst  ph ase

is a rap id  b in d in g  o f the  g lu can l ig an d  to  th e  r ec epto r

an d  is  fo llo w ed  b y  a  slow e r u p tak e/in ter n a liza tio n

p h ase . In  su b seq u en t stu d ies, w e  ex am ined  th e  sp e-

c ific i ty  o f the  (1 ® 3 ) - b - D -g lu can r ec epto r o n  U 9 3 7

ce lls. In  th is  se ries  o f  ex p er im en ts , U 9 3 7  (1 ´ 1 0 6

ce lls) w as incu bated  w ith  3H -g lu can  p h o sp h ate  an d

va ry in g  c o n ce n tr atio n s o f  u n la b ele d  g lu c an  p h o s-

p h ate,  p ullu lan , a  (1 ® 4 ) - a - link ed  g lu cose  p o ly m er

a n d  sch izo p hy l la n , a  b r a n ch ed  ( 1 ® 3 ) - b -D - g lu c a n

p o ly m er,  fo r 9 0 m in .

In  th is co m p etit ive  b in d ing  stu d y  (F ig. 3 ) , p u llu lan

d id  no t co m p ete  fo r b in d in g  to  th e  (1 ® 3 ) - b -D -g lu -

c an  re cep to r.  S chiz o p hy lla n  sh ow e d  a  fivefo ld  in -

c rease  in  a ffin ity  fo r th e  h u m an  m acro p h ag e  (1 ® 3 ) -

b - D -g lu can  recep to r  co m p ared  to  n o n -b ran ch ed  g lu -

can  p h o sp hate. T h ese  d a ta  con clu sively  d em o n stra te

th e p resen ce  o f  a  (1 ® 3 ) - b -D -g lu can -sp ec if ic  recep -

to r o n  a  h u m an  m acro p h age-like  ce ll  lin e . F u r th er,

th e se  d a ta  d em o n s tra te  th a t  th e  g lu ca n  re cep to r  is

sp ec ific  fo r  (1 ® 3 )- b -l in ke d  p o ly m ers a n d  th a t  th e

g lu can  recep to r  h as a  h ig h er a ffin ity  fo r o n e fo rm  o f

g lu ca n  o ve r an o th er, th a t  is, b ra n c h ed  ve rsu s n o n -

b ran ch ed .

FIG . 3 . Competitive  d isplacement o f tr itiated glucan phosphate
and schizophyllan at 37°C. Pullulan (open squares) does not com -
pete for the sam e b ind ing sites as unlabe led  glucan phosphate
(GP, closed circles). Schizophyllan (SPG, open circles) does com-
pete  for the sam e b ind ing  as un labe led  glucan phosphate  and
has an approxim ate five fo ld increase in affinity for the binding
site. The resu lts a re shown as means ± SEM  of a t least four rep-
licates from  two separate experiments.

F IG . 2 . Specific b ind ing  and in te rnaliza tion of g lucan phosphate
to U937 cells. Combined saturation and com petitive displacem ent
da ta yielded specific binding  (sites per cell) to U937 as a  function
of (1 ® 3)- b -D -g lucan phosphate m olarity at 37°C. W e m athemati-
ca lly  derived  the d issocia tion  constan t (KD ) and m aximum bind-
ing (Bm ax) va lue . The resu lts are given as means and 95% confi-
dence in tervals o f m eans ± SEM from  at least four replica tes and
represent data  from  five separate  experiments.
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Conclusions

In direc t  ev id en ce  co n tin u es to  m o u n t co n cern in g  th e

p o ten tia l  invo lv em en t o f  (1 ® 3 ) - b - D -g lu can s in  a ir-

w ay s in f la m m ation. T h e  d ata  th u s  fa r su g gest  th a t

g lu c a n s  m u s t a c t  in  c o n c e r t  w i th  o th e r  e t io lo g ic

ag en ts , su ch  as en do to x in , in  o rd er to  m ed ia te  sy m p -

to m atolo g y.  T h ere fo re,  the  p rim ary  ro le  o f  (1 ® 3 ) - b -

D -g lu cans ap p ears to  b e  as an  ad ju van t w h ich  exe rts

an  add itive  o r sy n erg ist ic  e f fec t  w hen  co m b in ed  w ith

o th er  ag en ts.
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