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Ling Zhi -8  (LZ-8),  a nove l  immunomodulatory p r o t e i n ,  markedly  enhanced 
the  e x p r e s s i o n  of CD11b, bu t  no t  CDlla,  CD13, CD14, CD18, CD33 or HLA-DR, on 
the  U937 c e l l  l i n e  i n  a dose -dependen t  f a s h i o n .  I t  a l s o  induced  ICAM-1 
e x p r e s s i o n  on v a s c u l a r  e n d o t h e l i a l  c e l l s  and s i g n i f i c a n t l y  augmented x - 
i n t e r f e r o n - i n d u c e d  c e l l u l a r  b i n d i n g  between v a s c u l a r  e n d o t h e l i a l  c e l l s  and 
U937. Fur the rmore ,  LZ-8 i n c r e a s e d  the  e x p r e s s i o n  of CD2, bu t  not  VLA4, VLA5 
or LFA3, on MOLT4 and enhanced r o s e t t e  f o r m a t i o n  between human T c e l l s  and 
sheep red  b lood  c e l l s .  These da t a  sugges t  t h a t  LZ-8 e x e r t s  i t s  
pha rmaco log ica l  e f f e c t  by modu la t i ng  adhes ion  molecu les  on immunocompetent 
cells. © 1992 Academic Press, Inc. 

LZ-8, a p o l y p e p t i d e  c o n s i s t i n g  of 110 amino a c i d  r e s i d u e s ,  i s  i s o l a t e d  

from the  fungus Ling Zhi (Ganoderma lucidum) (1) .  I t  has a m o l e c u l a r  mass of 

12,420 Da and an i s o e l e c t r i c  p o i n t  of 4 .4 ,  showing c o n s i d e r a b l e  s i m i l a r i t y  to 

the  immunoglobul in  V fl r e g i o n  in  i t s  amino a c i d  sequence ( 1 , 2 ) .  LZ-8 i s  

capab le  of h e m a g g l u t i n a t i n g  sheep red b lood  c e l l s  and i s  m i t o g e n i c  to  mur ine  

s p l e e n  c e l l s  i n  v i t r o  (1) .  In  v ivo ,  LZ-8 p r e v e n t s  sys t emic  a n a p h y l a x i s  i n  

mice and the  occu r r ence  of i n s u l i t l s  i n  non-obese  d i a b e t i c  (NOD) mice (2, 3 ) .  

However, the  mode of a c t i o n  of LZ-8 remains  to  be c l a r i f i e d .  We focused  our 
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a t t e n t i o n  on the  h e m a g g l u t i n a t i n g  c a p a c i t y  and m i t o g e n i c i t y  of LZ-8 and 

s p e c u l a t e d  t h a t  LZ-8 might e x e r t  i t s  immunomodulatory e f f e c t  by m o d u l a t i n g  

adhes ion  molecu les  on immunocompetent c e l l s .  Here we r e p o r t  t h a t  LZ-8 

f a c i l i t a t e s  c e l l u l a r  i n t e r a c t i o n  through augmenta t ion  of adhes ion  m o l e c u l e s .  

M a t e r i a l s  and Methods 

C u l t u r e s  Human h i s t i o c y t i c  lymphoma c e l l  l i n e  U937, human p r o m y e l o c y t i c  
leukemia  c e l l  l i n e  HL-60 and human T c e l l  l eukemia  c e l l  l i n e  MOLT4 were a l l  
c u l t u r e d  in  RPMI-1640 medium, supplemented  wi th  10~ h e a t - i n a c t i v a t e d  f e t a l  
c a l f  serum (FCS), 100 U/ml p e n i c i l l i n  and 100 pg/ml s t r e p t o m y c i n .  Human 
u m b i l i c a l  v e i n  e n d o t h e l i a l  c e l l s  (HUVECs) were h a r v e s t e d  from u m b i l i c a l  cord 
v e i n s  w i t h i n  12 h a f t e r  d e l i v e r y  as p r e v i o u s l y  r e p o r t e d  by J a f f e  e t  a l .  (4) .  
The c e l l s  were grown to  c o n f l u e n c e  i n  RPMI-1640 supplemented  wi th  10~ FCS, 30 
pg/ml of e n d o t h e l i a l  c e l l  growth supplemented  (ECGS)(Col labora t ive  Research,  
Be l fo rd ,  MA) and 10 U/ml of p o r c i n e  mucosal  h e p a r i n  i n  g e l a t i n - c o a t e d  p l a s t i c  
d i s h e s ,  and h a r v e s t e d  (5) .  
P u r i f i c a t i o n  of LZ-8 LZ-8 was p u r i f e d  from G. lucidum m y c e l i a  by ge l  
f i l t r a t i o n  fo l lowed  by ion-exchange  chromatography as p r e v i o u s l y  d e s c r i b e d ,  
and LZ-8 of g r e a t e r  than  97~ p u r i t y ,  as de t e rmined  by Tr ic ine -SDS 
p o l y a c r y l a m i d e  s l a b  ge l  e l e c t r o p h o r e s i s  and Coomassie b r i l l i a n t  b l u e  R 
s t a i n i n g  (2) ,  was used th roughout  t h i s  s t udy .  
C y t o f l u o r o m e t r i c  a n a l y s i s  The c e l l s  were r e a c t e d  wi th  10 pg/ml of v a r i o u s  
f l u o r e s c e i n - l a b e l e d  monoclonal  a n t i b o d i e s  fo r  30 min a t  4"C and ana lyzed  by 
an E p i c s - P r o f i l e  f low cy tomete r  (Cou l t e r  E l e c t r o n i c s ,  H ia l eah ,  FL, USA) as 
p r e v i o u s l y  r e p o r t e d  (6) .  Monoclonal  a n t i b o d i e s  i n c l u d i n g  Mol (COllb) ,  My4 
(CD14), My7 (CD13), My9 (CD33), I3 (HLA-DR), Wll (CD2) and B6(CD23) were 
o b t a i n e d  from Cou l t e r  Immunology (Hia leah ,  FL). h n t i - L F A - l a  (CDl la ) ,  a n t i -  
LFA-1 ~ (CD18) and a n t i - L e u 4 4  (CD44) were o b t a i n e d  from Beck ton -Dick in son  
Immunocytometry Systems (San Jose ,  CA) and ant i -YLh4 (CDw49d), anti-VLA5 
(CDw49e) and an t i -LFh3  were from Immunotech S. A. ( M a r s e i l l e ,  F r a n c e ) .  
Cell-ELISA fo r  measurement of ICAM-1 e x p r e s s i o n  HUVECs were c u l t u r e d  wi th  
200 pg/ml of r ecombinan t  i n t e r l e u k i n  l~  (Otsuka Co., Tokyo, Japan)  or 10 IU/ml 
of r ecombinan t  v - i n t e r f e r o n  (X-IFN; Shionogi  P h a r m a c e u t i c a l  Co., Ohsaka, 
Japan) f o r  48 h on a g e l a t i n - c o a t e d  P e t r i  d i s h  i n  the  p r e sence  or absence  of  
LZ-8, and t en  thousand  c e l l s  were seeded i n t o  96 -we l l  c u l t u r e  p l a t e s  and f i x e d  
wi th  3~ pa ra fo rmaldehyde /8~  s a c c a r h o s e / p h o s p h a t e  b u f f e r e d  s a l i n e  (PBS). 
N o n s p e c i f i c  b i n d i n g  was b locked  by the  a d d i t i o n  of  2x b lockace  ( Y u k i j i r u s h i ,  
Sapporo,  Japan)/PBS and 5~ goat  serum/PBS f o r  1 h s e q u e n t i a l l y .  Anti-ICAM- 
1(CD54) monoclona l  a n t i b o d y  ( B r l t i s h  B i o - t e c h n o l o g y  L t d . ,  Oxon, England)  and 
a l k a l i n e  p h o s p h a t a s e - c o n j u g a t e d  goat a n t i - m o u s e  IgG a n t i b o d y  (Tago I n c . ,  
Bur l ingame,  CA) were used as the  f i r s t  and second a n t i b o d i e s ,  f o l l owed  by the  
a d d i t i o n  of phospha tase  s u b s t r a t e  (Sigma Chemical Co.,  S t .  Lou is ,  MO). The 
o p t i c a l  d e n s i t y  of  each we l l  was de te rmined  by a m i c r o p l a t e  r e a d e r  (B io - r ad  
L a b o r a t o r i e s ,  Richmond, CA) a t  405 rim. 
C e l l u l a r  b i n d i n g  a s say  HUVECs were s t i m u l a t e d  wi th  10 IU of  X-IFN as 
d e s c r i b e d  above and p l a t e d  i n t o  96-we l l  c u l t u r e  p l a t e s .  U937 c e i l s  were 
l a b e l e d  wi th  10 p M 2 ' , 7 ' - b i s ( c a r b o x y e t h y l ) - 5 ( 6 ' )  c a r b o x y f l u o r e s c e i n  
t e t r a a c e t o x y m e t h y l  e s t e r  (BCECF-AM; Dojindo L a b o r a t o r i e s ,  gumatomoto, Japan)  
as p r e v i o u s l y  r e p o r t e d  (7) ,  and the  b i n d i n g  of U937 c e l l s  wi th  HUVECs was 
de te rmined  a f t e r  1 h i n c u b a t i o n  by u s i n g  an automated m i c r o p l a t e  f l u o r o m e t e r  
(Nihon Bunko, Tokyo, J apan ) .  Rose t t e  f o r m a t i o n  wi th  sheep red  b lood  c e l l s  
(SRBCs) and p e r i p h e r a l  b lood  mononuclear  c e l l s  (PBMCs) was performed as 
p r e v i o u s l y  d e s c r i b e d  (8) .  In  b r i e f ,  a 1~ (v /v)  s u s p e n s i o n  of SRBCs was 
i n c u b a t e d  wi th  PBMCs or p u r i f i e d  T c e l l s  f o r  1 h a t  4°C i n  the  p r e sence  or 
absence  of LZ-8. 
S t a t i s t i c a l  a n a l y s i s  S t u d e n t ' s  t - t e s t  was used to  a n a l y s e  the  d a t a .  

R e s u l t s  

As shown i n  F ig .  1, 25 pg/ml of LZ-8 s i g n i f i c a n t l y  i n c r e a s e d  the  

e x p r e s s i o n  of CDllb,  an a - c h a i n  of Mac- l ,  on U937 c e l l s .  This  enhancement  
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Fig.  1. S t a i n i n g  p r o f i l e s  of U937 c e l l s  wi th  a n t i - C D l l b  monoclonal  a n t i b o d y  in  
t he  p r e sence  or absence  of LZ-8 (25 p g / m l ) .  Curve 1: a u t o f l u o r e s e n c e  
of U937 c e l l s .  Curve 2: t he  p r o f i l e  f o r  i r r e l e v a n t  i s o t y p e - m a t c h e d  
a n t i b o d y  in  t he  p r e sence  or absence  of LZ-8. Curve 3: the  s t a i n i n g  
p r o f i l e  f o r  a n t i - C D l l b  a n t i b o d y  in  the  absence  of LZ-8. Curve 4: t he  
p r o f i l e  f o r  an t~-CDl lb  a n t i b o d y  in  t he  p r e sence  of LZ-8. An E p i c s -  
P r o f i l e  f low cy tomete r  was used to measure s t a i n i n g  p r o f i l e s  of U937 
c e l l s .  

r e a c h e d  maximum a f t e r  72 h i n c u b a t i o n .  CDl lb  e x p r e s s i o n  on HL-60 a n d  MOLT4 

c e l l s  was a l s o  m a r k e d l y  i n d u c e d  b y  LZ-8 { d a t a  n o t  s h o w n ) .  I n  c o n t r a s t ,  t h e  

a n t i g e n i c  d e n s i t y  o f  CD18, a D - c h a i n  o f  ~2 i n t e g r i n ,  was n o t  a l t e r e d .  I n  

a d d i t i o n ,  no  a p p a r e n t  c h a n g e  i n  t h e  e x p r e s s i o n  o f  C D l l a ,  CD13, CD14, CD33 o r  

HLA-DR was o b s e r v e d  w i t h  LZ-8 .  The e x p r e s s i o n  o f  ICAM-1 (CD54),  a l i g a n d  o f  

LFA-1 and  M a c - l ,  on X - I F N - t r e a t e d  HUVECs was a l s o  s i g n i f i c a n t l y  a u g m e n t e d  by  

LZ-8 i n  a d o s e - d e p e n d e n t  m a n n e r  ( F i g ,  2 a ) .  F u r t h e r m o r e ,  c e l l u l a r  b i n d i n g  

b e t w e e n  U937 and  X - I F N - s t i m u l a t e d  HUVECs was m a r k e d l y  e n h a n c e d  b y  LZ-8  i n  a 

d o s e - d e p e n d e n t  f a s h i o n  ( F i g .  2 b ) .  Same mode o f  e n h a n c e m e n t  was a l s o  o b s e r v e d  

when x - I F N - s t i m u l a t e d  HUVECs was u s e d  ( d a t a  n o t  s h o w n ) .  

CD2 i s  u n i v e r s a l l y  e x p r e s s e d  on human p e r i p h e r a l  b l o o d  T c e l l s  a n d  t h e  

r e c e p t o r  f o r  LFA-3.  LZ-8 s t r o n g l y  u p r e g n l a t e d  t h e  e x p r e s s i o n  o f  CD2, b u t  n o t  

VLA4, VLA5 o r  LFA3 on b o t h  MOLT4 c e l l s  ( F i g .  3a )  a n d  p e r i p h e r a l  b l o o d  c e l l s .  

Marked  e n h a n c e m e n t  o f  r o s e t t e  f o r m a t i o n  b e t w e e n  human T c e l l s  a n d  SRBCs was 

a l s o  o b s e r v e d ;  t h i s  e n c h a n c e m e n t  was i n h i b i t e d  b y  a n t i - C D 2  m o n o c l o n a l  a n t i b o d y  

( F i g .  3 b ) .  P r e t r e a t m e n t  o f  human T c e l l s  w i t h  LZ-8 r e s u l t e d  i n  a s i m i l a r  

m a g n i t u d e  o f  a u g m e n t a t i o n  i n  r o s e t t e  f o r m a t i o n ,  i n d i c a t i n g  t h a t  LZ-8 m o d i f i e s  

CD2 e x p r e s s i o n  on T c e l l s  b u t  n o t  LFA-3 e x p r e s s i o n  on SRBCs. F i n a l l y ,  LZ-8 

s i g n i f i c a n t l y  i n c r e a s e d  c e l l u l a r  b i n d i n g  o f  MOLT4 c e l l s  w i t h  HUVECs ( F i g .  4 ) .  
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Fig. 2. (a) Induction of ICAM-I on ~ -IFN-stimulated human umbilical 
vascular endothelial cells (HUVECs). Expression of ICAM-1 on HUVECs 
was determined by celI-ELISA. (b) Augmentation of cellular binding 
between U937 cells and HUVECs by LZ-8. HUVECs were  cocultured with 
BCECF-AM-Iabeled U937 cells in the presence or absence of LZ-8, and 
cellular binding was assessed with an automated microplate fluorometer. 
Each column is the mean of t r ipl icate  cultures and bars indicate 
standard errors. 

F i g .  3. (a) I n d u c t i o n  o f  CD2 on MOLT4 c e l l s  by LZ-8.  MOLT4 c e l l s  were 
c u l t u r e d  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  LZ-8 f o r  72 h ,  and  t h e  
e x p r e s s i o n  o f  CD2 was d e t e r m i n e d  by f l ow  c y t o m e t r y .  (b) I n c r e a s e  i n  
T - c e l l  r o s e t t e - f o r m a t i o n  w i t h  SRBC as  a r e s u l t  o f  LZ-8 (25 p g / m l )  and  
i t s  i n h i b i t i o n  by a n t i - C D 2  a n t i b o d y  (50 p g / m l ) .  T c e l l s  f o r m i n g  
r o s e t t e s  w i t h  SRBC i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  LZ-8 were  e n u m e r a t e d  
a f t e r  1 h i n c u b a t i o n  a t  4"C. 
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D i s c u s s i o n  

L Z - 8  i s  m i t o g e n i c  t o w a r d  b o t h  h u m a n  a n d  m u r i n e  l y m p h o c y t e s  ( 1 , 2 ) ,  a n d  

s t i m u l a t e s  b o t h  I L - 1  a n d  I t - 2  p r o d u c t i o n  w i t h  t h e  s a m e  r a n g e  o f  c o n c e n t r a t i o n  

a s  we u s e d  ( u n p u b l i s h e d  d a t a ) .  I t  a l s o  h a s  i n  v i v o  i m m u n o s u p p r e s s i v e  a c t i v i t y  
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F i g .  4. Enhancemen t  o f  c e l l u l a r  b i n d i n g  b e t w e e n  MOLT4 and HUVECs by  LZ-8.  
HUVECs were  c o c u l t u r e d  w i t h  f l u o r e s c e i n - l a b e l e d  MOLT4 c e l l s  and  
c e l l u l a r  b i n d i n g  was m e a s u r e d  w i t h  a m i c r o p l a t e  f l u o r o m e t e r  a s  
d e s c r i b e d  i n  M a t e r i a l s  and  Methods .  
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such as the prevention of insu l i t i s  in NOD diabetic mice with an increased 

L3T4/Lyt-2+ ratio,  suggesting that the suppressor pathway might be operated by 

LZ-8 (3). Recent studies show that multiple adhesion molecules are involved 

in cel lular  interactions in the immune system, where they act as receptors and 

ligands (8). I t  has been shown that blockade of CDIlb/CDI8 expression on 

macrophages prevents in t r a - i s l e t  in f i l t r a t ion  by macrophages and T ce l l s ,  and 

inhibits development of diabetes in NOD mice (9). We therefore examined the 

modulatory effect of LZ-8 on both the expression of adhesion molecules on 

macrophages, T cel ls  and endothelial cel ls ,  and cel lular  interaction among 

them. Our data revealed that LZ-8 enhanced CD11b and ICAM-1 expression on 

U937 cel ls  and HUVECs, respectively. In addition, LZ-8 augmented cel lular  

binding between these cel ls ,  although multiple adhesion molecules other than 

CDIIb and ICAM-1, e .g. ,  those in the selectin family, might be involved in 

this interaction. Similarly, cel lular  binding between MOLT4 and HUVECs was 

also significantly upregulated. Furthermore, LZ-8 increased both CD2 

expression on T cel ls  and CD2-mediated rosette formation with SRBCs. 

Augmentation of rosetting was achieved in i h incubation with LZ-8, whereas 

the enhancement of CD2 expression took place after 48 h in flow cytometry, 

according to our preliminary data, suggesting that LZ-8 induces not only 

quantitative but also qualitative changes in CD2 expression, h similar 

finding has been reported in phorbol ester-induced LFA-1 activation, in which 

phorbol ester induced the avidity of LFA-I to ICAM-1 without affecting i t s  

antigenic expression (9). LZ-8 may exert i t s  immunomodulatory effect both in 

vi tro and in vivo through quantitative and/or qualitative modulation of 

adhesion molecules, which in turn f ac i l i t a t e s  the cel lular  interaction that is 

defective in autoimmune diseases. We have not found any immunomodulating 

agents other than LZ-8 that have the capacity to modifiy the expression of 

adhesion molecules on immunocompetent cel ls .  I t  is therefore possible that 

LZ-8 may be a new type of therapeutic agent for autoimmune diseases. 
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