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Three murine monoclonal IgGl K-antibodies, MAH- 
1, MAH-2, and MAH-3. were raised against factor H 
purified  from human plasma. In cross-inhibition 
studies MAHS did not compete  with MAH-1 and 
MAH-2. and vice versa, for the binding to H, whereas 
MAH-1 and MAH-2 inhibited each other. MAH-1 and 
MAH-2 inhibited the binding of H to C3b attached to 
an ELISA plate as well as to C3b bound to sheep 
erythrocytes by means of the classical pathway  con- 
vertase and of C3b to H attached to  an ELISA plate. 
The determinant defined by MAH-1 and MAN-2 was 
no  longer accessible on H bound to C3b.  In contrast, 
MAH-3 interfere with the binding of H to C3b or vice 
versa only to a smaller extent but recognized a 
determinant still accessible on H bound to C3b and 
was able to agglutinate EAC14O23b-H in an indirect 
Coombs test. 

All three antibodies were shown to bind to tonsil 
cells and Raji cells in an indirect cell ELISA. The 
membrane-associated molecule detected by these 
antibodies had an apparent m.w.  of 140,000 D in 
SDS-PAGE.  All three antibodies partially inhibited 
the binding of  EAC14"23b to tonsil lymphocytes 
and, in the presence of 0.1 mM DFP, to Raji cells: 
binding of  EAC14O23bi and EAC14O23d to tonsil 
cells was not affected. 

We conclude that MAH-3 recognizes a determi- 
nant distinct from the ones recognized by MAH-1 
and MAH-2, the  latter possibly  defining identical 
epitopes that  are located close to  the binding site 
for  C3b.  The fact that these two distinct epitopes 
could be detected on a 140,000-D membrane-asso- 
ciated protein from  lymphoid cells strongly sug- 
gests that  this molecule is at least antigenically 
related to serum H and  shares with H a region carry- 
ing the binding site for C3b. The rosette inhibition 
studies imply that  this  structure  is important for 
the binding of C3b-coated particles to lymphoid 
cells. 

Received for  publication  February 18, 1983. 
Accepted for publication  September 12. 1983. 
The  costs of publication of this  article  were  defrayed  in  part by the 

adoertlsernent in  accordance  with  18 U.S.C. Section  1734 solely to  indi- 
payment of page charges.  This  article  must  therefore  be  hereby  marked 

cate  this  fact. 

meinschaft SF9  107, A 5  and  from  the  Stiftungvolkswagenwerk. J. D. L. 
This work was  supported by grants from the Deutsch  Forschungsge- 

is a recipient of an  EMBO grant (ALTF: 121-1982). 
Address correspondence  to Dr. T.  F.  Schulz,  Institute of Medical 

Microbiology, Augustusplatz. D-6500 Mainz. FRG. 
J. A.'s contribution is part of his  doctoral  thesis. 

Factor H (formerly plH-globulin) of the  alternative 
pathway of complement activation is a well characterized 
protein (1)  that regulates the complement cascade by 
binding  to  C3b (2) in competition to factor B (1). It serves 
as  a cofactor during  the cleavage of C3b by factor I, 
modulating C3b to  render  it  susceptible to cleavage by 
factor I (3). Factor H is synthesized by human peripheral 
blood monocytes (4). It has been found  in human blood 
platelets (5), and  there is evidence that a protein antigen- 
ically related to H is present in very low amounts on the 
surface of a subpopulation of human peripheral lympho- 
cytes (6). Factor H binds to lymphocytes, granulocytes, 
and monocytes by means of a receptor (7) that  has been 
isolated from lymphocytes and characterized (8). By bind- 
ing  to B lymphocytes, factor H stimulates  blastogenesis 
(9) and release of factor I (lo), and it is capable of trigger- 
ing the respiratory  burst in human peripheral monocytes 

Several  investigators  have isolated membrane  proteins 
from various cell types that display a factor H-like effect 
on the  alternative  pathway  convertase  (1 2- 15).  The  best 
characterized of these, a membrane glycoprotein of 
205,000 daltons (D)4 is now held to be the receptor for 
C3b, the  first cleavage product of C3 (16). In addition to 
this molecule another  membrane glycoprotein of 55,000 
D has been isolated from human erythrocytes and  has 
been shown  to  have C3b-receptor like properties (1 7- 19). 
and from a lymphoblastoid cell line (Raji) a glycoprotein 
of 140,000 D has been obtained displaying similar char- 
acteristics (20). The 205,000-D glycoprotein could not be 
demonstrated on Raji cells (21), which are, however, 
capable of binding C3b-coated particles (22). These  data 
suggest that cell membrane-associated molecules other 
than  the 205,000-D glycoprotein might act as binding 
sites  for C3b. Recent evidence from our  laboratory show- 
ing that  an affinity-purified F(ab')2  goat antibody against 
factor H inhibits  the binding of EAC14"23b4 to tonsil 
lymphocytes, monocytes, and Raji cells,  but  not to gran- 
ulocytes, would suggest that a molecule antigenically 
related to H and associated with the  membrane of some 
C3b-receptor-carrying cells is involved  in C3b-receptor 
function  (23). 

In this  study we raised monoclonal antibodies recogniz- 
ing  functionally  important sites on H and studied  their 

11 11. 

DFP, di-isopropylfluorophosphate: EAC14"23b, SRBC coated with  ambo- 
Abbreviations  used  in  this  paper: CFA, complete Freund's  adjuvant: 

ceptor.  Cl.C4 oxidized C2,C3b; EAC14'23bi. EAC14"23b treated  with H 
and I; EAC14"23d. EAC1423bi  treated  with  trypsin: ELISA. enzyme- 
linked  immunosorbent  assay; I. C3b  inactivator of the  C  system; PAGE, 
polyacrylamide gel electrophoresis: VBS. Veronal-buffered  saline: D. dal- 
tons. 
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effect on C3b-receptor  function. We wanted  to substan- 
tiate and define  the role of the membrane-associated 
protein related to factor H in  the binding of C3-coated 
particles to C3b-receptor-carrying  cells. 

MATERIALS AND METHODS 

Buffers. The following buffers were  used: phosphate-buffered 
saline (PBS) (140 mM  NaCI. 10 mM Na-phosphate, pH 7.2); Veronal- 
buffered  saline  containing EDTA (VBS-EDTA) (1  40 mM  NaCl. 5 mM 
Na-5.5-diethylbarbiturate. 20 mM EDTA, 0.2% gelatin, pH 7.2); sub- 
strate  buffer  (10 mM K-phosphate  buffer pH 6.0): PBS containing 
0.05% Tween 20 (PBS-Tween) (Serva. Heidelberg, FRG) pH 7.4. 

Cells. Cell lines Raji and P3.X63Ag8.653 (24). kindly provided by 
Dr. R. Burger, Mainz. FRG. were cultured in RPMI 1640 (Flow, Bonn, 

(100 U/ml). streptomycine  (100 pg/ml), and fungizone (2.5 pg/ml). 
FRG) supplemented  with  glutamine (300 yg/ml). 10% FCS, penicillin 

Preparation of tonsil cells: fresh  human  tonsils were  minced and 
passed through a steel mesh: the cells  were  layered onto Ficoll-Paque 
and centrifuged for 30 min at   400 X G. The cells  from the  interface 
were washed  three  times with PBS and  then adjusted to 2 X lo6 
cells/ml in VBS-EDTA. 

C1. C4. oxidized C2 and  C3b (EAC14"23b]] were prepared as de- 
Intermediates: sheep  erythrocytes (SRBC coated with antibodies. 

scribed (25). Uptake of C3  was  quantitated  using labeled C3  (25). 
SRBC coated with 2 X lo4 molecules/cell (for rosette  formation with 
tonsil  lymphocytes) and 8 x 104/cell (Raji cells) were used. Conver- 
sion of  EAC14O23bi and EAC14"23d was described in detail (25). 

and purified by affinity  chromatography. A goat anti-C3 antibody 
Antibodies. A goat anti-H antibody was prepared as described (7) 

was raised by immunizing a goat three  times with 160 pg human  C3 
in complete Freund's  adjuvant (CFA), preparing an IgG fraction by 
ion exchange  chromatography,  and removing any  anti-H activity by 
affinity  chromatography on H-coated Sepharose 4B. 

Purification of C  components. C3  was purified as described by 
Hammer et al. (26). Any residual H. C5. IgC was removed by affinity 
chromatography on Sepharose 4 8  coupled to  anti-H,  anti-C5,  anti- 
IgG. C3b  was  prepared by tryptic digestion of C3  (27)  and consecutive 
chromatography on Sephadex  G-100. Factor H was purified as de- 
scribed e l ~ e w h e r e . ~  

Monoclonal antibodies. Female 8-wk-old BALB/c mice (Zentral- 
institut  f.  Versuchstiere,  Hannover, FRG), were  immunized  i.p. with 
100 pg of factor H emulsified in CFA and boostered with  30 pg factor 
H in CFA 3 wk  later.  Three  days  after  the booster  a spleen cell 
suspension  was  fused with the P3X63Ag8.653 (24) myeloma line in 
a ratio of 1 : 1. by using PEG 4000  (Merck-Schuchhardt.  Hohenbrunn, 
FRG  No. 807490) as a fusing  agent  and following the procedure 
described by Galfre et al. (28),  using modifications  described previ- 
ously (29). Wells containing growing  hybridoma  cells  were  tested  for 
antibodies  against  factor H in  the enzyme-linked immunosorbent 
assay [ELISA) described below. Positive cultures were cloned twice 

a s  feeder  cells.  Apart from the monoclonal lines described in Results 
by limiting  dilution using 2 x lo3 peritoneal  macrophages per well 

that produced antibody reacting  with highly  purified factor H. two 
lines, 89 and  74, were found  to produce antibody recognizing un- 
known  antigens.  These were  used as control antibodies  in  some of 
the  experiments  mentioned. Antibody-containing ascites  was pre- 
pared by injecting lo7 hybridoma  cells i.p. into mice that  had re- 
ceived 0.5 ml pristane (EAG-Chemie. Steinheim, FRG) i.p. 1 wk 
before. 

Purification  and  biotinylation of monoclonal antibody. Ascites 
containing specific antibody  was precipitated  with 40%  ammonium 
sulfate for  1 hr  at 0°C. and  the  precipitate  was dialyzed against PBS. 
For further  purification,  the precipitate was purified by chromatog- 
raphy on DEAE-Sephacel by using 5 mM TRIS, pH 8.0, as starting 
buffer  and a linear  salt  gradient  from 0 to  0.3 M NaCI. Monoclonal 
antibody  purified by precipitation with  40%  ammonium  sulfate  was 
biotinylated a s  previously described (30,  31)  using N-hydroxysucci- 
nimidobiotin  [Sigma,  Munich, FRG). 

ELISA. Culture  supernatants were screened for  antibody against 
factor H in  an ELISA.  In brief,  purified H (50 pl/well; 2 pg/ml in  0.1 
M NaHC03. pH 9.6)  was  adsorbed  to microtiter plates (NUNC, Copen- 
hagen) for  1 hr  at 4°C. After saturation of the  plates (PBS containing 

for 1 hr  at  23°C. After washing  three  times (PBS containing  0.05% 
200 @ n l  gelatin),  20 y1 of supernatant were  added and  incubated 

Tween 20). bound antibody  was detected by incubation  with  20 pl 
of a 1/1000 dilution in PBS-gelatin of the peroxidase-conjugated 
rabbit  anti-mouse Ig (Dako, Santa  Barbara, CA) for 30 min at  23°C. 

1983. Factor H: purification and characteristics of the binding to cell- 
s Scheiner. o., M. Schmitt, J. Alsenz, T. F. Schulz, and M. P. Dierich. 

bound C3b. Manuscript submitted for publication, 

followed by three  washes  and  the addition of the  substrate  (27.43 
mg/2-2' azino-di-(3-ethylbenzthiazoline sulfonic  acid:  Sigma) per ml 
substrate  buffer  containing  0.025%  HZO~). To determine  the mono- 
clonal  antibody isotype. culture  supernatant  was allowed to react 
with factor H-coated ELISA plates as described above. After three 
washes, 20 pl  of a 1/100 dilution  in PBS  of subclass-  and light chain- 
specific antibodies from the  rabbit  (Fresenius, FRG) were  added  for 
30 min.  and  the  amount of rabbit antibody  bound was determined 
by incubation  with a peroxidase-conjugated swine  anti-rabbit lg 
(Dako; 1/500  in PBS) and  substrate. To assess  the inhibitory  effect 
of the monoclonal antibodies on the binding of C3b to H, ELISA 
plates  were coated with H as described  above. The plates were then 
treated with  several concentrations of monoclonal antibody  for 30 
min.  washed again,  and  incubated for 30 min  with 20 pl  of C3b (20 
pg/ml). and  the  amount of C3b  bound to factor H was  quantitated by 

goat y-globulin (E. Y. Laboratories. San Marco. CA) diluted 1/200  in 
using a goat anti-C3 antibody and peroxidase-conjugated rabbit  anti- 

PBS. Binding of monoclonal antibodies to H bound to C3b was 
determined by coating  the plate  with  C3b (50 pl. 20 pg/ml), saturating 
with albumin,  and  adding several  dilutions of factor H in PBS. After 
washing  away  unbound H and  saturating  the  plate,  20 pl of concen- 
trated  culture  supernatant were  added and  the  experiment proceeded 
as described  above.  When the monoclonal antibodies were tested for 
cross-inhibition, ELISA plates were coated with H and  saturated as 
above, incubated for 30  min with  several concentrations of unla- 
beled antibody. washed,  and  saturated  again.  Twenty microliters of 
biotinylated  antibody (MAH-1, 10 pg/ml; MAH-2, 20 pg/ml: MAH-3, 
10 pg/ml)  were added,  and  the  amount of biotinylated  antibody 
bound was  assessed by adding peroxidase-conjugated avidin  (Sigma) 
diluted 1/100 in PBS and  substrate. 

For the indirect cell ELISA. 1 x lo7 cells  were suspended  in 
concentrated  culture  supernatant  to which 0.1% Na-azide had been 
added, and  the  suspension  was  incubated  for  60 min  on ice. There- 
after  the cells  were  washed four  times  in ice-cold PBS containing 
0.1% Na-azide and lysed in 50 yl of PBS containing 0.5% Nonidet P- 
40 (NP-40) and 5 mM di-isopropylfluorophosphate (DFP) (30  min). 
The lysate was  spun  at  9000 x G for 4 min.  and  the  supernatant 
was  transferred  to  an ELISA plate that  had been coated with rabbit 
anti-mouse Ig (Behringwerke.  Marburg; 50 pl/well of a 1/40 dilution 
in  0.1 M NaHC03,  pH 9.6)  and  saturated with PBS-gelatin (200 pg/ 
ml). After 60 min incubation  the plate was  washed,  saturated  and 
incubated with a peroxidase-conjugated rabbit  anti-mouse y-globu- 
lin and  substrate as described  above. 

SDS-PAGE and Western  blot. SDS-PAGE was performed as de- 
scribed by Laemmli (32). Electrophoretic transfer  to nitrocellulose 
(Bio-Rad, Richmond, CA) membranes  was performed according to 
Towbin (33) by using a  slightly modified buffer (glycin, 0.2 M: TRIS. 
0.025 M; methanol,  20%; MgC12. 0.01 M) and a current of 1.4 to 1.6 
A. Staining of blots  with the immunoperoxidase technique  was 
performed as described (33) by using undiluted culture  supernatant 
as primary  antibody and a substrate solution containing  15 mg 
orthodianisidine [Sigma) and  30 pl 30% Hz02 per 100 ml 50 mM 
TRIS/HCl (pH 7.2). 

Gel-ELISA. Tonsil  lymphocytes (5 X 10') were lysed in 500 pl  PBS 
containing 0.5% NP-40 (BDH Chemical, Poole, England], 5 mM DFP 
for  1 hr  at  4°C. centrifuged at  100,000 X G for 60 min and  run on a 
5 to 20%  linear  gradient gel as above. The gel was  then  cut  into 1- 

a n  ELISA plate, eluted  with 0.1 M NaHC03. pH 9.6 for 36  hr,  and 
mm horizontal  slices.  which were transferred  to individual wells of 

the plate was  then processed as described previously (34). 

receptor-carrying  cells (2 X 106/ml)  were incubated in  a  microtiter 
Rosette  inhibition assay.  Twenty  microliters of the respective  C 

plate with 20 pl VBS-EDTA or 20 yl culture  supernatant diluted  in 
VBS-EDTA for 30 min at  room temperature.  Thereafter,  20 pl inter- 
mediates [ 1.3 x 1 Os/ml in VBS-EDTA) were  added, and  the  mixture 
was  incubated for 30  min  at 37"C, and rosette  formation was eval- 
uated immediately. 

RESULTS 

Reactiuity of monoclonal antibodies  with  factor H .  
After cloning twice by limiting dilution, we obtained three 
stable  antibody-producing cell lines termed MAH- 1, 
MAH-2, and MAH-3. These  clones originated from sepa- 
rate wells of the original fusion  plate. To demonstrate 
that  these monoclonal antibodies do in  fact  react with 
factor H and do not cross-react  with any other  serum 
protein, 10 pg of the factor H preparation and 20 @l 
human  serum were run on a 5 to 12% SDS-PAGE  gel and 
then electrophoretically transferred to a nitrocellulose 
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sheet. A s  shown  in  Figure  1, all three  antibodies  bind  to 
purified H (lanes 2, 4, and 6). as well as to a protein from 
human  serum (lanes 1.3.  and 5). lining up with purified 
H (lane 7). All three  antibodies  were  found  to  be of the 
IgCl K-subclass in an  ELISA described  in Materials  and 
Methods. 

Testing for competition of the  three monoclonal anti- 
bodies for  epitopes on factor H .  To investigate whether 
MAH-1,  MAH-2, and MAH-3 react  with  identical or dis- 
tinct  epitopes  on H, we tested  their  capacity  to  cross- 
inhibit  each  other as  described in Materials  and Meth- 
ods. MAH-2 was  able to completely block the binding of 
MAH-1 to  factor H (Fig. 2A) but did not  influence  the 
binding of MAH-3 to  factor H (Fig. 2C). Similarly MAH-1 
suppressed  binding of  MAH-2 (Fig. 2B) but  not of MAH-3 
(Fig. 2C) to  factor H, and MAH-3 inhibited  neither MAH- 
1 (Fig. 2A) nor MAH-2 (Fig. 2B). 89A11,  another  antibody 
of IgC1 subclass  but not  reacting  with  factor H, was used 
as  a negative control and did not interfere with the bind- 
ing of any of the  three monoclonal anti-H  antibodies. 
These  data  indicate  that MAH-3 recognizes an  epitope on 
H that is definitely  distinct from the  ones recognized by 
MAH-1 and MAH-2. and  that  the  latter may possibly be 
identical. 

Relationship  between  epitopes recognized by mono- 
clonal antibodies  and  sites  on  factor H important for 
its binding  to C3b. Using the ELISA described in Mate- 
rials  and  Methods it was found (Fig. 3) that MAH-1 and 
MAH-2 inhibited the binding of C3b to H in a dose- 
dependent  manner,  to  the  same  extent as  did a polyclonal 
anti-H  antibody. MAH-3 on the contrary, showed only 

- 200KD 

- 116 KO 

- 66 KO 

- 45 KO 

e FRONT 

FIgure 1 .  Nitrocellulose blots showlng  the binding of MAH-I (lanes 1.  
2). MAH-2 (lanes 3. 4). MAH-3 (lanes 5. 6) to purified H (lanes 2. 4. 6) 
and a  protein from human  serum (lanes 1.  3. 5).  lining up with purifled 
H (lane 7).  Lanes 1-6 were stained with monoclonal antibody.  peroxidase- 

amido black (33). 
conjugated anti-mouse Ig and orthodianisidine: lane 7 was  stained with 

0.5 t O M A H - 2  
A M A H - 3  
A E 9 A l l  

1.5 C X = MAH-3- 
Biotin 

1.0 
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0 } " " " " " " "  
0 0 3  0 6  12 Z L  L E  9 6  192 39 78 156 312625 2 5 0 0  

Concentration of unlabeled monoclonal  antibody 
( 

tlnylated monoclonal antibodles (= x) to  factor H. ELSA  plates with H (2 
FIgure 2. Capaclty of monoclonal antibodles to  Inhibit  blnding of blo- 

&ml) were incubated with  unlabeled antibody in the  concentrations 
indicated. Bindlng of biotinylated antibodies (MAH-1.  MAH-3: 10 d m l :  
MAH-2: 20 d m l )  was  then  assessed by peroxidase-conjugated avidin 
(see Materials  and  Methods). 

1.5 

8 
1.0 - 

05 - 

0- 
800 2GU 100 25 6.25 156 0 

Concentration of antibodies ipg/mll 

FIgure3. Inhibitory  effect of monoclonal antibodies  against  factor H 
on the bindlng of C3b  to factor H bound  to the microtiter  plate. The 
blnding of C3b  to H-coated ELISA plates  that  had been  pretreated  with 
various  concentrations of monoclonal antibodies  was  quantitated by a 

c".. 11OG8 (nonprcducer  ascltes): A-A, MAH-2: A-A. 89A11: 
goat anti-C3 antibody. peroxidase-conjugated anti-goat lg and  substrate. 

M. MAH-I: o"0. MAH-3: V-V. goat anti-H. 

weak  inhibition, and  the monoclonal antibody  89A11 
was without  effect. In the reverse  experiment (data not 
shown) C3b was  attached to the microtiter  plate, and 
factor H that had  been  preincubated  with MAH- 1, MAH- 
2. and MAH-3 was  then  added,  and  its binding  to  C3b 
was  assessed by sequentially  adding a goat  anti-H anti- 
body, peroxidase-conjugated rabbit  anti-goat y-globulin 



MEMBRANE PROTEIN RELATED TO H AND C3b-RECEPTOR FUNCTION 395 

and  substrate. Again. MAH-1 and MAH-2 interfered 
strongly and MAH-3 only weakly with the binding of H 
to C3b. To exclude that  these  results could have been 
influenced by the possibly "unphysiologic" way in which 
C3b and H might bind to artificial  surfaces. we chose 
another  system  that would more closely reflect the in 
vivo situation. Binding of very small  amounts of H to 
C3b-coated SRBC (EAC14"23b) can be detected by agglu- 
tinating  the EAC14"23b-H cells  with a goat  anti-H  anti- 
body (35). Preincubating  several  concentrations of factor 
H with serial  dilutions of MAH-1.  MAH-2, and MAH-3, 
reacting  this  mixture with EACl4"23b and  after  washing 
adding a goat  anti-H  antibody (Fig. 4). revealed that MAH- 
1 and MAH-2 interfered with the agglutination,  whereas 
MAH-3 and 1  1 OC8. a nonproducer  supernatant. did not. 
The  result  indicates  that in this assay MAH-1 and MAH- 

Factor H 

39.0 

19.5 

9.75 

L ,875 

0 

156 

70. 

39. 

19. 

9. 

L .  

0 

. o  
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75 
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. .  

conc. 1:2 1:L 1:8 1.16 m .m.  1:2 1:L 1:8 1 . 1 6 ~ ~ ~ .  
EDTA EDTA 

Dilution of culture  supernatant 
Figure 4. Capacity of monoclonal antibodies to inhibit binding of H to 

ccll-bound C3b. Experiment performed a s  described in the  text. (A.  MAH- 
1 :  H. MAH-2: C, MAH-3: D. 110G8). 

5 I C3b-H I H  

A M A H - 3  
IS 

05 

PBS 08 1.6  3.2 6.L 12.8 PBS 0.8 1.6 3.2 6.L 12.8 
Concentratlon of factor H IPglml)  

lions of H alone (right panel)  and to H bound to C3b (left   panel).  See 
Figure5  Binding of monoclonal antibodies to different concentra- 

Materials  and  Mefhods for details. 

2  inhibit the binding of H to cell-bound C3b. whereas 
MAH-3 does  not. 

Accessibility of the MAH-defined epitopes  on H when 
bound to C3b. I f  MAH-1 and MAH-2 were in  fact to 
recognize the binding site on H for C3b. they  should not 
be capable of binding to H bound to C3b. To test  this, 
C3b was  attached to the ELISA plate and reacted with H 
at  several  concentrations.  Then a constant  amount of 
MAH- 1, MAH-2. and MAH-3 was added and  their binding 
to the H-C3b complex was  assessed (Fig. 5, left panel). 
To be sure  that antibodies from all three monoclonal 
culture  supernatants bind to H equally well. in  control 
experiments (Fig. 5. right panel) H was directly attached 
to the ELISA plate at  various  concentrations,  and  binding 
of MAH- 1, MAH-2. and MAH-3 was  assessed as above. In 
contrast  to MAH-3, which  showed strong binding, MAH- 
1  and MAH-2 reacted only weakly with H-C3b (Fig. 5. left 
panel), although all three clones  bound equally well  to 
isolated H (Fig. 5,  right panel). Using again  the model of 
EAC14"23b-H, it was found (data not shown)  that only 
MAH-3 but  not MAH-1 and MAH-2 were able to aggluti- 
nate EAC14"23b-H in an indirect Coombs test with rabbit 
anti-mouse y-globulin as second  antibody.  The  results of 
these two experiments would suggest that only the deter- 
minant recognized by MAH-3 is still accessible on the H- 
C3b complex. 

Presence of a membrane-associated  molecule  anti- 
genically  related  to H on lymphoid  cells. Human  tonsil 
cells and Raji cells  were stained with MAH-1, MAH-2, 
and MAH-3 culture  supernatants in indirect  immunoflu- 
orescence. All monoclonal antibodies were found to 
weakly stain  about 5% of all tonsil  cells, as well as about 
the  same  number of Raji cells. To further  substantiate 
this  finding, we used an indirect cell ELISA as described 
in Materials  and  Methods to demonstrate  the binding of 
MAH-1,  MAH-2. and MAH-3 to the cell membrane (Fig. 
6). To rule  out that  the binding of  MAH-1,  MAH-2, and 
MAH-3 to cells  observed  in this  test could be due to Fc 
receptor-mediated  binding, another monoclonal anti- 
body. 74A6,  not  reacting  with  factor H, was tested in a 
similar  manner  and  was found  not to react with tonsil 
cells (Fig. 6): in addition,  preincubating  the  tonsil cells 
with different  concentrations of immune complexes 
(BSA-rabbit-anti-BSA complexes) or of heat-aggregated 
IgG. prepared as described (36), did not  influence  the 
binding of MAH-1, MAH-2. and MAH-3 to  tonsil  cells as 
assessed by the indirect cell ELISA (data not  shown). 

Molecular weight  analysis  ofthe  membrane molecule 
related to H .  A lysate from 5 X 10" tonsil  lymphocytes 

ODw nm 

A 

10 

B 
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Figure 6. Binding of monoclonal antibodies to tonsil cells (A ]  and Raji 
cells (E) in an indirect cell ELISA. Cells (lo') were incubated in the 
respective culture supernatant and  washed. and the amount of antibody 
bound was  assessed as  described in Materials  and  Methods. 
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Figure  7. Molecular weight analysis of the membrane molecule de- 
fined by MAH-l, MAH-2, and MAH-3. A lysate from 5 X 10' tonsil 

described in Mater ia ls  and Methods .  (H,  O---O; tonsil lysate, O " 0 ) .  
lymphocytes and 30 pg of  purified H were subjected to a gel ELISA as 
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F i g u r e s .  Effect of monoclonal antibodies on rosette formation of 
tonsil lymphocytes with EAC14"23b, o " 0 ;  EAC14"23bi, O " 0 ;  and 
EAC14"23d, A-A. A, MAH-1: B, MAH-2; C ,  MAH-3; D. 110G8 (nonpro- 
ducer clone). 

was  run in parallel to 30 pg of purified H on a 5 to 20% 
SDS-polyacrylamide slabgel, and  the gel then  was  sub- 
jected to a gel ELISA with MAH-1 as described in Mate- 
rials and Methods. We obtained a peak at  140,000 D of 
slightly lower m.w. than  the peak corresponding  to  puri- 
fied serum H (Fig. 7). By using Raji cells we obtained the 
same  result. 

Effect of MAH-1, MAH-2, and MAH-3 on the  function 
of the C3b-receptor of human tonsil lymphocytes and 
Raji cells. Human  tonsil cells were pretreated with MAH- 
1, MAH-2, and MAH-3 culture  supernatants at various 
dilutions, and  the effect on rosette  formation of these 
cells with EAC 14"23b, EAC 14"23bi, and EAC 14"23d was 
measured (Fig. 8). All three clones were able  to  inhibit 
rosette  formation  with EAC14O23b. whereas  rosette  for- 
mation with EAC14"23bi and EACl4"23d was not af- 
fected. The  culture  supernatant of the nonproducer clone 
110G8  inhibited  rosette  formation in higher concentra- 
tions,  but this effect could be diluted out and  was only 
marginally present in those  dilutions  in  which the culture 
supernatants  containing monoclonal antibody showed 
the most marked  inhibition. In the  case of Raji cells (Fig. 
9), MAH-1,  MAH-2, and MAH-3 were able  to  inhibit ro- 

H AND C3b-RECEPTOR FUNCTION 
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cells with EAC14O23b.  Black columns, without DFP; hatched columns, in 
Figure  9. Effect of monoclonal antibodies on rosette formation of  Raji 

the presence of 0.1 mM DFP. 

sette  formation  with EACl4'23b only in the presence of 
0.1 mM DFP. Rosette formation  with EAC14"23bi and 
EAC14"23d was  again  not  affected  (results  not  shown). 

DISCUSSION 

In this paper we describe three monoclonal antibodies 
against  factor H recognizing two distinct epitopes, one of 
which is located close to the binding site for C3b. In 
addition these antibodies  bind  to a 140,000-D mem- 
brane-associated molecule on lymphoid cells and inhibit 
C3b-dependent rosette  formation. 

As is shown  in Figure 2, antibody MAH-3 recognizes 
an epitope obviously distinct from the  ones defined by 
MAH-1 and MAH-2, because  it does not  inhibit the bind- 
ing of the  latter  to  factor H nor is its binding to factor H 
influenced by previously bound MAH-1 or MAH-2. MAH- 
1 and MAH-2, however, completely cross-inhibit  each 
other. We therefore believe that MAH-1 and MAH-2, al- 
though originating from separate wells of the original 
fusion  plate,  either recognize the  same or two very closely 
related epitopes, distinct from the one recognized by 
MAH-3. This conclusion is further  strengthened by the 
following observations. MAH-1 and MAH-2 strongly in- 
hibit the binding of C3b to H and vice versa  using an 
ELISA-based test  system (Fig. 3). MAH-3 was  less effec- 
tive in that respect. As  we  could not exclude that binding 
of C3b or H to  plastic  surfaces could distort  their config- 
uration thus perhaps  shortening  the  distance between 
normally distant epitopes, we investigated the effect of 
MAH-1 and MAH-2 on the binding of H to C3b bound to 
sheep erythrocytes by the C4b, C2a enzyme of the clas- 
sical  pathway of C activation (37). Binding of very small 
amounts of H to EACl4"23b can be detected by aggluti- 
nating  the EAC14"23b-H formed with a goat anti-H an- 
tibody (35). Pretreating  factor H with the monoclonal 
antibodies  against H, reacting that complex with 
EACl4"23b and  then adding  a goat anti-H antibody re- 
vealed that MAH-1 and MAH-2 interfered with' the agglu- 
tination,  whereas MAH-3 did not (Fig. 4). In addition to 
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inhibiting the binding of H to  C3b, MAH-1 and MAH-2 
fail  to  show  significant  binding  to the C3b-H complex 
(Fig. 5, left half),  whereas MAH-3 binds  to that complex 
very  well. As  Figure 5 demonstrates, both antibodies bind 
equally well to isolated H. Furthermore, only MAH-3 ag- 
glutinates EAC14O23b-H in an indirect Coombs test, 
whereas MAH-1 and MAH-2 fail  to do that.  These two 
experiments suggest that MAH-3 recognizes an epitope 
that is still  accessible on H bound to C3b. The  fact  that 
the  determinants recognized by  MAH-1 and MAH-2 are 
no longer accessible to antibodies on the C3b-H complex 
would, in addition  to the ability of  MAH-1 and MAH-2 to 
strongly block the binding of H to C3b, fit the  interpre- 
tation  that  these  determinants  are  at  least very close to 
the binding  site  for  C3b on H. In summary,  these  data 
suggest that MAH-1 and MAH-2 recognize one  or more 
determinants  at  least very  closely associated with the 
binding  site for C3b on H, whereas MAH-3 defines an 
epitope still  accessible on H bound to C3b. In addition we 
have  recently been able to show (38) that all three mon- 
oclonals bind to the  tryptic 38,000-K fragment of H carry- 
ing the binding  site for C3b. 

Recent work applying polyclonal antibodies  against 
factor H has indicated the presence of H on lymphoid 
cells (6.23)  and  its involvement in C3b-dependent  rosette 
formation (23). Because the  use of polyclonal antibodies 
has a  number of known  drawbacks. we used our mono- 
clonal  antibodies  against  factor H as the  better tool to 
reinvestigate and finally  establish  these  findings. In 
standard indirect  immunofluorescence  about 5% of tonsil 
cells and Raji cells  were weakly stained by MAH- 1, MAH- 
2,  and MAH-3. By using  the indirect cell ELISA described 
in Materials  and  Methods, however, we could unequiv- 
ocally demonstrate  binding of all three monoclonal anti- 
bodies to tonsil cells and Raji cells. Although this type of 
assay would be able  to  detect Fc receptor-mediated bind- 
ing of antibody to cells. we  do not think  that  this  was  the 
case for the following reasons.  a) 74A11, an unrelated 
mouse monoclonal antibody, did not bind.  b)  Preincuba- 
tion of tonsil cells with BSA-rabbit anti-BSA-immuno- 
complexes and heat-aggregated human IgG did not  inter- 
fere  with the binding of MAH-1,  MAH-2, and MAH-3 to 
these cells. c) Raji cells known  to  have very few Fc 
receptors  also  reacted with the monoclonal antibodies 
against H. d) A polyclonal F(ab')2 goat anti-H  antibody 
bound to Raji cells and tonsil lymphocytes (data not 
shown).  The observation that Raji cells react  with these 
antibodies would imply that  at least  the B lymphocytes 
in the tonsil cell preparation used for these  experiments 
are  stained by the anti-H  antibodies.  Whether  in addition 
to B lymphocytes factor H or  a protein related  to H can 
also be detected on other  tonsil  cells, cannot be excluded 
because  peripheral blood monocytes are able to synthe- 
size factor H in uitro (4.). 

The type of  ELISA used to  study  the binding of MAH to 
cells does not distinguish between a few cells carrying 
factor H or a factor H-like protein and very  low concen- 
trations of this material that  are not detectable  in im- 
munofluorescence that is present on most or all cells. 
The  observation that anti-H  antibodies  affect C3b-recep- 
tor function on more than 50% of cells would be an 
argument in favor of the  latter possibility. By use of the 
gel-ELISA technique we could demonstrate that  the mem- 
brane-associated protein detected by the monoclonal 

antibodies  against H has a m.w. of about  140,000 D, 
slightly lower than  that of serum H. All three monoclonal 
antibodies that were studied were able to inhibit the 
binding of C3b-coated SRBC to  tonsil lymphocytes and, 
in  the presence of DFP, to Raji cells, whereas  rosette 
formation  with EAC14O23bi and EAC14'23d was not 
noticeably affected.  These  data could suggest that  the 
140.000-D  membrane-associated protein defined by 
MAH- 1, MAH-2, and MAH-3 might serve as C3b-binding 
protein on human lymphocytes, in addition to the 
205,000-D glycoprotein (16) (CRl)  that  has so far been 
considered the only receptor for C3b. It is antigenically 
related to  serum H with which it has  at least two distinct 
epitopes in common. On H, both these epitopes are local- 
ized on the 38,000-D tryptic  fragment  carrying  the bind- 
ing site for C3b (38). and one might thus speculate that 
the two proteins are  sharing  at least  a region containing 
this binding  site. We believe that  this C3b-binding protein 
is distinct from the 205,000-D glycoprotein (16) or CR1 
because  in an ELISA neither MAH-1 nor MAH-3 reacted 
with the 205,000-D glycoprotein, nor did a monoclonal 
anti-CRl  antibody  react  with  serum H (data not shown). 
In addition, the C3b-binding protein related to H does not 
seem to be present on all cell types  carrying CRl; a 
polyclonal anti-H  antibody  was not capable of inhibiting 
C3b-dependent  rosette  formation with granulocytes  (23). 
B lymphocytes and monocytes, the binding of which to 
EAC3b is affected by an anti-H  antibody  (23).  have re- 
cently been shown  to  possess  a C3b-binding protein of 
140,000 D (39) isolated by affinity  chromatography on 
C3b-Sepharose. By the  same technique,  a C3b-binding 
protein of similar m.w. had previously been found on Raji 
cells (20).  The relation of this  latter protein to  serum H, 
however, is not clear:  although  a polyclonal antibody 
against  this  C3b-binding protein reacted with  serum H, 
a polyclonal antibody  against purified serum H failed to 
react  with  the isolated membrane protein (40). I t  may 
therefore be that  this 140,000-D C3b-binding protein 
shares  in  fact only the region containing the binding site 
for C3b  with  serum H and  that  the polyclonal antibody 
used by these  authors  (40) did not contain any antibodies 
directed against  these epitopes. Alternatively, we might 
be dealing with two separate  membrane-associated pro- 
teins of identical  or  nearly  identical m.w., both involved 
in the binding of C3b-coated particles to B lymphocytes 
and monocytes, and only one of them being related to 
serum H. The observation that antibodies  against  factor 
H inhibit C3b-receptor function on Raji cells only in the 
presence of  DFP suggests that proteases may somehow 
interfere  with  the  binding of C3b-coated particles  to Raji 
cells. DFP, in  a  concentration of 0.1 mM, has been shown 
to enhance C3b-dependent rosette  formation with Raji 
cells (22).  There is evidence indicating that certain  hu- 
man lymphoblastoid lines may express  surface-associ- 
ated  proteases  capable of cleaving C3 (41). A similar 
observation has been made in the  case of Raji cells (T. F. 
Schulz,  unpublished  observation). In summary we con- 
clude from  the above findings that a C3b-binding protein 
of about  140,000 D, related to serum H by at least two 
epitopes and probably a region containing its binding site 
for C3b, is present on tonsil B lymphocytes and Raji cells. 
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