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Combination therapy for HIV infections

NRTIs
Zidovudine
Didanosine
Zalcitabine
Stavudine
Lamivudine
Abacavir
Emtricitabine

NNRTIs
Nevirapine
Delavirdine
Efavirenz

PIs
Saquinavir
Ritonavir
Indinavir
Nelfinavir
Amprenavir
Lopinavir
Atazanavir
Darunavir

NtRTIs
Tenofovir

FIs
Enfuvirtide
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HIV entry is triggered by receptor engagement



HIV entry into target cells

• Multi-step process

• Timely and locally ordered exposure of previously 
hidden entry domains within gp120/gp41

• Hidden domains protected from immune attack ! (These 
epitopes are only exposed when the virus is close 
enough to the cell membrane to initiate entry.)



HIV entry into target cells 

• Interaction gp120 with specific receptor CD4 
⇒ limited host range of virus

• ∆ conformation gp120
⇒ hidden conserved epitope binds to (chemokine) co-receptor
– CXCR4 (SI or X4)
– CCR5 (NSI or R5)
– others

• ∆ conformation of gp120
⇒ exposure of gp41
⇒ pre-fusogenic → fusogenic conformation

(pre-hairpin)                   (hairpin)
• Fusion between viral and cellular membranes





Entry inhibitors of HIV

• Attachment (adsorption) inhibitors
– Block initial binding of virus to the cells

• Co-receptor binding inhibitors
– Interfere with co-receptors

• Env gp120 binding inhibitors
– Interfere with gp120

• Fusion inhibitors
– Prevent the fusion process between viral and cell 

membrane



Why HIV entry inhibitors ?

• New target, different from RT and protease
• Other toxicity profile
• Other drug resistance profile

– Select for characteristic HIV mutations in 
“entry target”

– Suppress HIV with other mutated targets
• Systemic use/microbicidal use

– Block cell-free virus infection/cell to cell 
infection



Entry inhibitors

Focus on carbohydrate-binding agents (CBA)

Rational:
• HIV gp120 envelope is highly glycosylated (~ 50%)
• Envelope glycans required !

– Proper folding gp120 envelope
– Efficient entry into target cells
– Efficient DC-SIGN-directed transmission of HIV to T-

lymphocytes
– Hiding immunogenic epitopes at gp120 (escape immune 

system)



Speculations, wishful thinking, or reality ?

• CBA may afford an efficient blockade of the entry process

• CBA may prevent efficient transmission from dendritic cells 
(DC-SIGN) to T-lymphocytes

• CBA may force HIV to delete gp120 glycans to escape drug 
pressure

• CBA may, indirectly, boost the immune system to produce 
specific Nabs against mutant virus strains, resulting in 
“self-vaccination”



To prove the CBA concept: initial focuss on plant lectins

(Collaboration with E. Van Damme & W. Peumans, UGent, 
Belgium & D. Schols, Rega Institute, Leuven, Belgium)
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GNA tetramer bound to 12 MeMan molecules
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... but also the small-size antibiotic Pradimicin A, known to 
recognize α(1,2)mannose oligomers ...

(Collaboration with T. Oki & Y. Igarashi, Japan)
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Effect of CBA on ...
HIV infection of T-lymphocytes and 

macrophages



Antiretroviral activity of CBA in cell culture
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Inhibitory activity of CBA against HIV strains and 
clinical HIV-1 clade isolates in PBMC cultures
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Effect of mannan on the anti-HIV-1 activity of CBA's in CEM cell culture 
   
CBA EC50

 (µg/ml) 

 as such  + mannan 2.5 mg/ml 
GNA 0.45 ± 0.30 27 ± 11 
HHA 0.50 ± 0.44 26 ± 8.7 
CV-N 0.019 ±0.018 0.35 ± 0.21 
PRM-A 6.0 ± 2.8 32.5 ± 10 

 



Effect of CBA on ...
syncytia formation between (persistently)
HIV-1-infected cells and T-lymphocytes



A cocultivation assay between persistently HIV-1-infected HUT 78 cells 
and SupT1 cells  

   

Compound EC50
a (µM)  

GNA 0.12 ± 0.06  
HHA 0.09 ± 0.05  
CV-N 0.02 ± 0.0  
UDA 0.51 ± 0.26  
Pradimicin A 4.1 ± 1.6  
   
a 50% effective concentration or compound concentration required to 
inhibit syncytium formation between HUT-78/HIV-1 and Sup T1 cells by 
50 %  
   

 



Effect of CBA on ...
DC-SIGN-directed capture of HIV-1
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Effect of CBA on ...
DC-SIGN-directed transmission of HIV-1 to

T-lymphocytes
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Raji/DC-SIGN +
NPA + HIV-1
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Inhibition of DC-SIGN-directed capture of HIV-1 and 
transmission to T-lymphocytes by CBA

activeactivePRM-A

3.31.1UDA

0.0040.003CV-N

0.060.10CA

0.840.36GNA

0.640.17HHA

EC50 (µM)IC50 (µM)

Raji/DC-SIGN + HIV-1 + 
C8166 co-culture

Raji/DC-SIGN + HIV-1Compound



Effect of CBA on ...
Selection of mutant HIV-1 strains in cell

culture 



Resistance selection of HIV-1 IIIB against UDA, HHA, GNA and Nevirapine
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N-Glycosylation site mutations in gp120 of mannose-binding plant
lectin-exposed HIV-1 strains





PRM-A-selected N-glycan deletions in HIV-1 gp120



Summary CBA-selected N-glycan deletions in HIV-1 gp120



Conclusions CBA pressure against HIV-1 in 
cell culture

• Predominant selection of glycan deletions in 
gp120, but not in gp41

• Preference for high-mannose type glycan 
deletions

• Multiple glycan deletions are required for 
significant phenotypic resistance



Conclusion

• CBA are potent inhibitors of HIV but also HCV !
• CBA are not inhibitory to many other enveloped 

viruses

CBA show pronounced selectivity in their antiviral
action



Potential pittfalls of CBA as therapeutics

• Mitogenic ?
• RBC agglutination ?
• Stimulation of differentiation markers ?
• Immunological response ?
• Glycans of cellular proteins targeted as well ?
• Specificity (therapeutic window) ?

Challenge: select/design CBA that are preferentially targetting
glycoproteins of the pathogen !



HIV infection of 
T-lymphocytes
& macrophages

Selection of
HIV strains with 
glycan deletions 

in gp120

CBA

Syncytia formation
between persistently

HIV-infected cells
and T-lymphocytes

HIV transmission
to T-lymphocytes 

through HIV capture
by DC-SIGN

HIV neutralization by
triggering neutralizing
antibody production to

uncovered gp120 epitopes

?



Conclusions CBA concept - 1

CBA concept is entirely new:
• Unique target interaction: carbohydrates (glycans)
• No need for cellular uptake nor metabolic conversion
• Unique resistance profile: glycan deletions
• No cross-resistance to other drugs
• Ratio number of drug molecules attached to target 

glycoprotein is >> 1
• High genetic barrier: multiple mutations required before 

resistance development



• Accumulation of glycan deletions may compromise 
the correct folding and conformation of the 
glycoprotein, resulting in attenuated infectivity 
(fitness) and transmission

• Mutations expected to trigger the immune system 
against unhidden, exposed, immunogenic epitopes

• First approach that may combine drug therapy and 
induction of specific Nab response (“self-
vaccination”)

Conclusions CBA concept - 2



• To be applied to chronic virus infections with 
glycosylated envelope (i.e. HIV, HBV, HCV, ...)

• To be applied to acute virus infections with 
glycosylated envelope (i.e. influenza virus, corona 
(SARS) viruses)

Conclusions CBA concept - 3
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