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Summary 
Activation o f  the human complement system leads to complement deposition on human im- 
munodeficiency virus (HIV) and HIV-infected cells without causing efficient complement-  
mediated lysis. Even in the presence o f  HIV-specific antibodies, only a few particles are de- 
stroyed, demonstrating that HIV is intrinsically resistant to human complement. Here we 
report that, in addition to decay accelerating factor (DAF) being partially responsible, human 
complement factor H (CFH), a humoral negative regulator o f  complement activation, is most 
critical for this resistance. In the presence o f  HIV-specific antibodies, sera devoid o f  CFH (total 
genetic deficiency or normal human serum depleted of  CFH by affinity chromatography) lysed 
free virus and HIV-infected but not uninfected ceils. In the presence o f C F H ,  lysis o f  HIV was 
only obtained when binding of  CFH to gp41 was inhibited by a monoclonal antibody against a 
main CFH-binding site in gp41. Since CFH is an abundant protein in serum, and high local 
concentration o f  CFH can be obtained at the surface o f  HIV as the result o f  specific interac- 
tions o f  CFH with the HIV envelope, it is proposed that the resistance o f  HIV and HIV-  
infected cells against complement-mediated lysis in vivo is dependent on DAF and CFH and 
can be overcome by suppressing this protection. Neutralization o f  HIV may be achieved by an- 
tibodies against DAF and, more importantly, antibodies against CFH-binding sites on HIV en- 
velope proteins. 

H IV and HIV-infected ceils are not lysed by human 
complement; even in the presence o f  HIV-specific 

antibodies, lysis is only partial (1--4). This intrinsic resis- 
tance is not  due to a failure o f  HIV surface glycoproteins to 
interact with complement proteins, since HIV, HIV-  
infected ceils, and purified HIV envelope proteins bind 
complement proteins with activating functions like C l q  or 
Mannan binding protein (1, 5, 6) and trigger complement 
fixation. Resistance o f  HIV to complement could in part 
be explained by the presence o f  decay accelerating factor 
(DAF, CD55) and CD59 on the surface o f  HIV; covering 
DAF or CD59 with specific antibodies eliminated their 
protective effect and resulted in partial lysis o f  lab strains by 
normal human serum (NHS) (7, 8). Recently, interaction 
of  complement factor H (CFH), a negative regulator o f  
complement activation, with both envelope glycoproteins 
o f  HIV-1,  gp120 and gp41, was independently described 
by Stoiber et al. and Pint6r et al. (9-12). CFH down-regu-  
lates the amplification loop of  complement  activation and 
acts as cofactor for inactivation o f  C3b to iC3b (13,14). In 

contrast to C3b, iC3b does not provide further activation 
o f  the complement system, and as a consequence, mem-  
brane attack complex (MAC) formation does not occur 
(15). Here we show that resistance to human complement 
can be completely overcome if DAF and CFH (300-500 
Ixg/ml in NHS) are set out o f  function. 

Materials and Methods 
CFH-depleted Human Serum Was Represented by Genetically 

CFH-deficient Serum or Prepared fiom NHS. Lyophilized and ti- 
trated human plasma (S-1767; Sigma Chemical Co., St. Louis, 
MO) was dissolved in ice-cold ultrapure water and depleted of 
CFH by incubation with CNBr-activated Sepharose (Pharmacia, 
Uppsala, Sweden) coupled with the mAb 5H5, specific for hu- 
man CFH (9). Uncoupled Sepharose beads were used as a control 
to show that depletion was due to the antibody and not to unspe- 
cific adsorption to Sepharose. The amount of Sepharose-bound 
mAb was used in a sixfold excess as compared with the calculated 
amount of CFH present in the plasma sample. Incubation was 
performed at 4~ for 2 h. CFH concentration was checked after 
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sample collection in ELISA and SDS-PAGE, followed by West- 
ern blot. All Sepharose supernatants were filter sterilized before 
use in cell assays. 

Purification of Antibodies from Sera of Patients with AIDS and 
NHS. IgG from sera of AIDS patients and from NHS were pu- 
rified from the pass-through of a DEAE Affi-Gel Blue column 
(BioKad, Richmond, CA) and vacuum ulrafiltration on mem- 
branes (Micro Prodicon; Spectrum, Houston, TX) with a 100- 
kD cut-off, to eliminate transferrin. The AIDS sera used as a 
source of human AIDS Ig were chosen on the basis of their reac- 
tivity in ELISA assays against gp120 and gp41 (American Bio- 
technologies, Cambridge, MA). Normal sera were controlled for 
the absence of anti-env antibodies with the same method. 

Assay of Complement-dependent Cytotoxicity (CDC). Each ex- 
periment contained 10 s of HIV-infected (8E5) and, as control, 
noninfected CEM (American Type Culture Collection CCLl19) 
cells in protein-flee medium and four different doses of NHS de- 
pleted o f C F H  (NHS cF" ) as complement source (1:10, 1:20, 1: 
40, 1:80, and no complement added). Before being exposed to 
complement, HIV-infected and uninfected cells were incubated 
with 50 I*g/ml of purified human antibodies from either HIV + 
or healthy donors for 1 h on ice. The cells were washed and re- 
suspended in duplicates in prediluted serum samples. After 1 h at 
37~ the reaction was stopped by the addition of 2.5 raN1 EGTA 
(final concentration). Cell viability was monitored by trypan blue 
exclusion and calculated on the basis of the following formula: % 
CDC = (number of dead cells/number of dead cells + live cells) 
x 100. 

Complement-mediated Lysis Of HIV. NHS or serum from a pa- 
tient with genetic CFH deficiency (CFH a~f) (16) (both end dilu- 
tions 1:10) was incubated with purified antibodies isolated from 
HIV + (Ig anti-HIV) on ice. In some cases, polyclonal antibodies 
against DAF (anti-DAF) were added (end dilution 1:100). The so- 
lutions were transferred to an ELISA plate, which was precoated 
with antibodies against p24. Constant amounts of primary isolates 
(92P, W021, 92TH024, IBK-0295) and the lab strain HIV-IIIB 
were added, and the mixture was incubated for 1 h at 37~ to al- 
low complement-mediated lysis of viral particles and release of p24 
in the absence of detergent. Free p24 in the supernatant, an indi- 
cator for lysis and neutralization of HIV (8, 17), bound to the an- 
tibody on the ELISA plate. After four washing cycles with PBS 
without detergent, a second antibody against p24 was added, fol- 
lowed by two further washing steps with PBS and two with PBS, 
containing 0.1% Tween 20. The ELISA was developed with biotin- 
streptavidin, and the optical density of the samples (ODsampl~) was 
measured. NP-40 was used to determine 100% lysis (ODNP40) and 
the background (ODback) by incubation of HIV with NHS with- 
out lg anti-HlV. The percentage of lysis was calculated by the 
following formula: (ODsample -ODback /ODNP40-ODback)  X 100 .  

The experiments were performed in duplicate. 

Resu l t s  and  D i s c u s s i o n  

T o  test the hypothesis that direct b i n d i n g  o f  C F H  to the 
envelope of  HIV-1  might  protect  the virus f rom destruc- 
t ion  by h u m a n  serum, 8E5 cells, chronically infected wi th  
H I V  (18), and noninfec ted  C E M  cells were pretreated wi th  
Ig obta ined  f rom H I V  + or healthy individuals and exposed 
to N H S  cFH-. As shown  in Fig. 1, only  HIV- in fec ted  cells 
were susceptible to C D C .  Fur thermore ,  C D C  was strictly 
dependen t  on  the use o f  NHSCFH-; application o f  N H S  in-  
stead o f  N H S  cFH- had no  destructive effect. T o  prove for- 
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Figure 1. Assay of CDC. H1V + (8E5) and uninfected cells (CEM) 
were incubated with CFH-depleted serum containing purified Ig from 
HIV + sera (Ig anti-HIV) or Ig from NHS, and CDC was determined. 

mally the protective role o f  C F H ,  N H S  cFH- was reconsti-  
tu ted wi th  increasing amounts  o f  C F H .  50% protec t ion  o f  
HIV- in fec ted  cells could be obta ined  by  the addi t ion o f  0-~8 
Ixg C F H / m l  (Fig. 2), cor responding  to a reconst i tu t ion of  
~ 5 %  of  the normal  C F H  concen t ra t ion  in  plasma. 

In the next  set o f  experiments ,  free viral particles from 
different pr imary  isolates, 9 2 R W 0 2 1 ,  92TH024 ,  IBK-  
0295, and lab strain HIV-I I IB ,  were incubated  wi th  N H S  
or N H S  cFH , each in  com bina t i on  wi th  different an t ibod-  
ies. In  accordance wi th  Spear et al. (4), in the presence o f  
HIV-specif ic  antibodies and N H S  c o m p l e m e n t - d e p e n -  
dent  virolysis, up to 30% lysis in the case o f  H I V - I I I B  was 
obtained.  Pr imary isolates were more  resistant to lysis, that 
is, only  12% lysis was obta ined wi th  IBK-0295,  a virus iso- 
lated from an Innsbruck  patient  and passaged only once  for 
these experiments.  Therefore,  88% of  this isolate was unaf-  
fected by  h u m a n  c o m p l e m e n t  (Fig. 3). Lysis could be con -  
siderably increased by  the presence o f  an ant ibody against 
DAF,  e l iminat ing the D A F - m e d i a t e d  an t i complemen t  ef- 
fect. Incuba t ion  o f  various H I V  strains wi th  Ig an t i -HIV  
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Figure 2. Effect of addition of CFH to CFH-depleted serum. The 
CDC decreased as increasing amounts of CFH were added. The percent- 
ages of CDC were determined as described in Materials and Methods. 
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Figure 3. Lysis of cell-free HIV by human serum. Different HIV iso- 
lates (the lab strain HIV-IIIB and three primary isolates) were incubated 
with NHS or serum from a patient with total CFH def in the presence of 
purified lgG from sera of HIV + individuals (Ig anti-HIV). In some assays, 
anti-DAF antibodies were added as indicated. The percentage of comple- 
ment-mediated lysis was monitored by measuring free p24 in the superna- 
tant as described in Materials and Methods. 

and serum derived from a patient with total C F H  d~f re- 
sulted in release o f  85% of  total p24, indicating a very effi- 
cient inactivation o f  HIV. These findings clearly demon-  
strate that C F H  is the main contr ibutor  to resistance o f  
HIV against lysis by human complement .  Interestingly, a 
comparable defense strategy was shown for streptococci, 
which bind C F H  on their surface protein M (19). C o m -  
bining C F H  def and ant i -DAF in the presence of  Ig anti- 

HIV,  nearly all free HIV particles were destroyed through 
the lytic action o f  human complement  (Fig. 3). To prove 
directly whether  binding o f  C F H  to gp41 was critical for 
CFH-med ia t ed  protection, the different HIV strains were 
tested in the presence o f  mAb 2F5. This antibody covers 
the E L D K W A S  mot i f  in gp41 (aa 665-671 in HIV-IIIB)  
and is known to neutralize HIV in vitro (17); in addition, 
this site in gp41 was described as a binding region for factor 
H (8-11). As shown in Fig. 3, incubation of  HIV with 2F5 
and addit ion o f  N H S  in combinat ion with Ig ant i -HIV 
lead to the destruction o f  ~ 6 0 %  of  available HIV. Obvi -  
ously, the CFH-med ia t ed  protect ion o f  HIV from comple-  
ment -dependent  lysis was abrogated because o f  interfer- 
ence by mAb 2F5 with C F H  binding to the E L D K W A S  
mot i f  o f  the viral envelope protein. 

These results suggest that DAF as part o f  the viral m e m -  
brane find exogenous C F H  secondarily attached to the HIV 
envelope proteins together are sufficient to explain the effi- 
cient, intrinsic resistance o f  HIV to human complement .  
Overcoming  these two barriers should be appropriate goals 
for new vaccine strategies. By activating complement ,  HIV 
coats itself with C3, thus enhancing its infectivity and pro-  
viding, for example, for follicular localization (20-24) while 
avoiding complement-mediated destruction via complement 
control  proteins DAF and CFH.  This mechanism might 
represent a general strategy also used by other complement-  
resistant human retroviruses. 

We thank B. Miillauer for technical support, H. Katinger, F. Steindl, and M. Purtscher for providing the p24 
ELISA and the antibody 2F5, M. Brai for the CFN-deficient serum, and R. Wiirzner for reading the manu- 
script. 

This work was supported by the L. Boltzmann Gesellschaft, the Land of Tyrol, and grant N. 6204-009 of the 
V, VI, and VII National AIDS Projects, Ministero della SanitL Instituto Finalizzato Chimica Fine II, Con- 
siglio Nazionale delle Ricerche (A. Clivio). C. Pint6r is recipient of a fellowship from the Dipartimento di 
Biologia e Tecnologia. 

Address correspondence to Professor M. P. Dierich, Institut ftir Hygiene, Fritz-Pregl-Strasse 3, A-6020 Inns- 
bruck, Austria. 

Received for publication 13July 1995 and in revised form 6 September 1995. 

References 
1. Ebenbichler, C., N. Thielens, G. Arlaud, and M.P. Dierich. 

1991. Human immunodeficiency virus type 1 activates the 
classical pathway of complement by direct C1 binding 
through specific sites in the transmembrane glycoprotein 
gp41.J. Exp. Med. 174:944-952. 

2. Banapour, B., J. Sernatinger, and J. Levy. 1986. The AIDS- 
associated retrovirus is not sensitive to lysis or inactivation by 
human serum. Virology. 152:286-271. 

3. Spear, G.T., B.L. Sullivan, D.M. Takefman, A.L. Landay, 
and T.F. Lint. 1991. Human immunodeficiency virus (HIV)- 
infected cells and free virus directly activate the classical com- 
plement pathway in rabbit, mouse and guinea-pig sera; acti- 
vation results in virus neutralization by virolysis. Immunology. 
73:377-382. 

4. Spear, G.T., B.L. Sullivan, A.L. Landay, and T.F. Lint. 1990. 
Neutralization of human immunodeficiency virus type 1 by 
complement occurs by viral lysis.J. Virol. 64:5869-5873. 

5. Stoiber, H., N. Thielens, C. Ebenbichler, G. Arlaud, and 
M.P. Dierich. 1994. The envelope glycoprotein of HIV-1 
gp120 and the human complement protein Clq  bind to the 
same peptides derived from three different regions of gp41, 
the transmembrane glycoprotein of HIV-1, and share antige- 
netic homology. Eur.J. Immunol. 24:294-300. 

6. Ezekowitz, A.B., M. Kuhlman, J.E. Groopman, and R.A. 
Byrn. 1989. A human serum mannose-binding protein inhib- 
its in vitro infection by the immunodeficiency virus. J. Exp. 
Med. 169:185-196. 

7. Marschang, P., J. Sodroski, 1K. Wiirzner, and M.P. Dierich. 

309 Stoiber et al. Brief Definitive Report 



1995. Decay-accelerating factor (CD55) protects human im- 
nmnodeficiency virus type 1 from inactivation by human 
complement. Eur. J. Immunol. 25:285-290. 

8. Saifuddin, M., C.J. Parker, M.E. Peeples, M.K. Gomy, S. 
Zolla-Pazner, M. Ghassemi, I.A. Rooney, J.P. Atkinson, and 
G.T. Spear. 1995. Role of virion-associated glycosylphos- 
phatidylinositol-linked proteins CD55 and CD59 in comple- 
ment resistance of cell line-derived and primary isolates of 
HIV-l.ft. Exp. Med. lg2:501-509. 

9. Pint&, C., A.G. Siccardi, R. Longhi, and A. Clivio. 1995. 
Direct interaction of complement factor H with the C1 do- 
main of HIV-1 gp120. AIDS Res. Hum. Retroviruses. 5:577- 
588. 

10. Stoiber, H., C. Ebenbichler, R. Schneider, J. Janatova, and 
M.P. Dierich. 1995. Interaction of several complement pro- 
teins with gp120 and gp41, the two envelope glycoproteins 
ofHIV-1. AIDS (Phila.). 9:19-26. 

11. Pint&, C., A.G. Siccardi, L. Lopalco, R. Longhi, and A. 
Clivio. 1995. HIV gp41 and complement factor H interact 
with each other and share functional as well as antigenic ho- 
mology. AIDS Res. Hum. Retroviruses. 11:971-980. 

12. Stoiber, H., R. Schneider, J. Janatova, and M.P. Dierich. 
1995. Human complement proteins C3b, C4b, factor H and 
properdin react with specific sites in gp120 and gp41, the en- 
velope proteins ofHIV-1. Immunobiology. 193:98-113. 

13. Weller, J.M., M.R. Daha, K.F. Austen, and D.T. Fearon. 
1976. Control of amplification convertase of complement by 
the plasma protein ]31H. Pro& Natl. Acad. &i. USA. 73:3268- 
3272. 

14. Pangburn, M.K., R.D. Schreiber, and H.J. M/.iller-Eberhard. 
1981. Formation of the initial C3 covertase of the alternative 
complement pathway../. Exp. Med. 154:856-867. 

15. Law, S.K.A., and K.B.M. Ried, editors. 1988. Complement. 
IRL Press, Oxford, UK. 1-72. 

16. Misiano, G., C.J. Soames, M. Fontaine, P. Accardo, R.B. 
Sim, and M. Brai. 1993. Expression of H-related gene prod- 
ucts in a factor H deficient family. Mol. Immunol. 30:33. 

17. Muster, T., R. Guinea~ A. Trkola, M. Purtscher, A. Klima, F. 
Steindl, P. Palese, and H. Katinger. 1994. Cross-neutraliza- 
tion activity against divergent human immunodeficiency vi- 
rus type 1 isolates induced by the gp41 sequence ELDKWAS. 
ft. Virol. 68:4031-4034. 

18. Folks, T.M., D. Powell, M. Lightfoot, S. Koenig, A. Fauci, 
S. Benn, A. Rabson, D. Daugherty, H.E. Gendelman, M.D. 
Hoggan, et al. 1986. Biological and biochemical characteriza- 
tion of a cloned Leu3 cell surviving infection with the ac- 
quired immunodeficiency syndrome retrovirus, ft. Exp. Med. 
164:280-290. 

19. Horstmann, R.D., HJ. Sieverts, J. Knobloch, and V.A. Fi- 
schetti. 1988. Antiphagocytic activity of streptococcal M pro- 
tein: selective binding of complement control protein factor 
H. Pro& Natl. Acad. Sci. USA. 85:1657-1661. 

20. Delibrias, C.C., M.D. Kazatchkine, and E. Fischer. 1993. Ev- 
idence for the role of CR1 (CD35), in addition to CR2 
(CD21), in facilitating infection of human T cells with op- 
sonized HIV. Scand.J. lmmunol. 38:183-189. 

21. Reisinger, E., W. Vogetseder, D. Berzow, D. K6fler, G. Bit- 
terlich, H.A. Lehr, H. Wachter, and M.P. Dierich. 1989. 
Complement-mediated enhancement of HIV-1 infection of 
the monoblastoid cell line U937. AIDS (Phila.). 4:961-965. 

22. Tremblay, M.S., S. Meloche, R.P. Sekaly, and M.A.J. Wain- 
berg. 1990. Complement receptor 2 mediates enhancement 
of human immunodeficiency virus 1 infection in Epstein- 
Barr virus carrying B cells._/. Exp. Med. 171:1791-1796. 

23. Robinson, W.E., D.C. Montefiori, and W.M. Mitchell. 
1988. Antibody dependent enhancement of human immuno- 
deficiency virus type 1 infection. Lancet. i:790-794. 

24. S61der, B.M., E.C. Reisinger, D. K6fler, G. Bitterlich, H. 
Wachter, and M.P. Dierich. 1989. Complement receptors: 
another port of entry for HIV. Lancet. ii:271-272. 

25. Dierich, M.P., C. Ebenbichler, P. Marschang, G. Fiist, N. 
Thielens, and G. Arlaud. 1993. HIV and human comple- 
ment: mechanisms of interaction and biological implications. 
Immunol. Today. 14:435-440. 

310 Role of CFH and DAF in Resistance of HIV against Complement 


