
Design and testing of coxsackievirus based vaccine vectors to express HIV-1 
Nef and Gag

John P. Miller4, Yongzhi Geng1, Hwee L Ng2, Otto O. Yang2,3, and Paul Krogstad1,4

Departments of Pediatrics1, Medicine2, Microbiology, Immunology, and Molecular Genetics3, and Molecular and Medical Pharmacology4

David Geffen School of Medicine at UCLA, USA
johnmiller@mednet.ucla.edu, pkrogstad@mednet.ucla.edu, Ph. 3108255235

Abstract                                  

Conclusions

Figure 2

Background

Materials & Methods

Background: Enteroviruses elicit protective mucosal immune responses that might be 
useful as part of a strategy to prevent sexual transmission of HIV-1.  Polioviruses vectors 
have been used successfully in preclinical studies to alter the course of SIV infection, but 
plans to eliminate poliovirus circulation are potential impediments to this strategy.  As an 
alternative, we have designed and tested vectors based on another enterovirus, 
coxsackievirus B3 (CVB3).

Methods: HIV-1 Nef and Gag gene sequences were PCR amplified and inserted into a 
molecular clone of CVB3, permitting HIV protein expression as a fusion with the amino 
terminus of the CVB3 polyprotein.  Virus was produced by transfection, and serially 
passaged in vitro. HIV-1 protein expression was monitored by immunoblot, and the genetic 
stability of insertions into the vector was monitored by PCR-based assays and sequence 
analysis.  Chromium release assays were performed with patient derived CTL clones, using 
CVB3 infected CaCo cells as targets.

Results:   Vectors containing the HIV-1 Nef and matrix coding sequences (CVB-Nef and 
CVB-MA) expressed Nef and MA over multiple passages. In contrast, vectors encoding 
longer segments of Gag proved to be genetically unstable due to sequences encoding the 24 
kD capsid protein, and HIV protein expression was lost in 3 to 5 passages.  Cells infected 
with CVB-MA vector were susceptible to lysis by a CD8 T cell clone specific for the HIV-1 MA 
SL9 epitope often targeted during chronic HIV infection.

Conclusions: Coxsackievirus vectors were constructed that stably expressed HIV 
proteins over multiple passages, permitting recognition and cell lysis by cytotoxic T cells. 
These studies help elucidate the design of CVB3 vectors and suggest their potential as 
vaccine candidates. 

The search continues for safe, effective, and practical vaccine agents and 
strategies that could prevent or modify the course of infection with HIV.  It is currently 
hypothesized that a successful prophylactic vaccine strategy would require both 
effective humoral and cellular immune responses.(18, 20) Responses localized to 
the genital and gastrointestinal mucosa may also be needed since the majority of 
HIV transmission occurs at these sites. Understandably, there has been interest in 
the potential use of poliovirus and other enteroviruses as potential vaccine vectors 
for HIV. Live poliovirus vectors have drawn interest since they elicit long-lasting 
immunity, are associated with the development of herd immunity, and produce 
potent mucosal immune responses following replication in the gastrointestinal 
tract.(5) In addition, recombinant live poliovirus vaccine vectors that express SIV 
epitopes have been shown to elicit neutralizing mucosal IgA antibodies, SIV specific 
cytotoxic T cell responses, and appear to prevent and attenuate SIV infection 
following viral challenge.(5-7) These findings mesh with recent studies that 
replication of HIV and SIV and depletion of CD4 T cells in the gastrointestinal tract 
associated lymphoid tissues are key early events in the pathogenesis of simian and 
human AIDS.(11)

Unfortunately, vaccine associated paralytic poliomyelitis can occur as a 
complication of poliovirus vaccines. This is rare, and usually involves infection of 
immunodeficient hosts and reversion to virulence during protracted in vivo passage. 
Despite its rarity, the potential for reversion to neurovirulence and plans to totally 
eliminate worldwide circulation of poliovirus (13) have led to reservations about using 
poliovirus as a vaccine vector for other diseases. Other enteroviruses, including the 
related coxsackieviruses, have therefore been considered as candidates. Halim et al. 
inserted HIV sequences into recombinant coxsackieviruses and demonstrated that 
they could induce HIV humoral and cellular immune responses in mice. However, 
these recombinants included only small portions of the capsid domain of HIV.(12) To 
further explore the potential utility of enteroviruses as HIV vaccine vectors, we 
constructed recombinant vectors based on coxsackievirus B3 that encode varying 
amounts of the Gag protein of HIV-1. We found that these vectors readily expressed 
the entire Gag protein and truncated forms of it. Vectors containing HIV capsid (CA) 
sequences were genetically unstable, but expression of the HIV matrix protein (MA) 
persisted through extensive in vitro passage, and targeted cells for lysis by MA-
specific human CD8 T cell clones. 
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L) Cells and virus:

HeLa (RW) cells were maintained in DMEM + 10% FBS (complete DMEM). These cells were 
used for the titration of viral stocks by plaque assays. Virus stocks were produced by co-
transfection of 293T cells using Fugene6 reagent with a plasmid expressing T7 polymerase 
and either pCVB-EGFP (9), or plasmids into which HIV sequences were inserted in place of 
the coding sequence of green fluorescent protein. Cell passages were performed using A549 
cells. Virus was liberated by freeze/thaw cycles, using dry ice, on cells scraped and pelleted 
from cultured wells.

Construction of recombinant CVB3:

To produce recombinant CVB3 vectors, HIV sequences were inserted into the unique Sfi I 
restriction enzyme site of pCVB-EGFP, an infectious CVB3 viral clone that expresses EGFP. 
DNA fragments encoding portions of the HIV-1 Gag gene were amplified by PCR from 
plasmid p83.2.1 vpr.CD24, which contains a portion of the HIVNL4-3 genome. Gag residues 
77 to 85 from the plasmid had been mutated to change the predicted amino acid sequence 
to SLYNTVATL, an HLA-A201 CTL epitope found in many adults with chronic HIV infection. 
The first six codons of the HIV-1 MA domain were bypassed to preserve the CVB 
myristolation sequence. Sequences were verified using primers at the insertion site. A DNA 
fragment encoding the HIV-1 Nef gene was amplified using a similar method.

Virus titration:

Plates were seeded with HeLa (RW) cells and infected with dilutions of virus and overlaid 
with methylcellulose media. After 72 h, media was removed and plaques were counted.

One-step growth curve:

A549 cells were simultaneously infected at an MOI of 3 with each virus. At the indicated time 
points virus was harvested and titered as described above.

Immunoblot analysis:

When significant cytopathic effect was seen following transfection or infection, cells were 
resuspended in loading buffer and proteins separated by gel electrophoresis. The gel was 
then transferred to PVD-F membranes and probed with pooled antiserum. Bound antibody 
was detected using a chemiluminescence kit horseradish peroxidase conjugated sheep anti-
human antiserum. 

Chromium release assays:

Caco-2 cells infected with CVB vectors served as targets for the CTL clones as previously 
described.(15) Briefly, the target cells were labeled by 51Cr with or without the appropriate 
peptide followed by washing and plating. The CTL clones were then added at 5 : 1 for a 4 h 
incubation. Spontaneous and maximal lysis were measured without CTLs or by addition of 
Triton-X-100, respectively. Chromium counts were determined by microscintillation counting. 
Percent specific lysis was calculated as: 100 × (experimental release − spontaneous 
release)/(maximal release − spontaneous release). 
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It is currently envisioned that a successful vaccine strategy for HIV will require the induction of both humoral and cellular immune responses. Others have used picornavirus vectors to express SIV and HIV-1 
coding sequences.(5, 6, 12, 19, 22) Using this method, poliovirus has already been shown to be an effective vaccine vector, reducing viral load following SIV challenge in macaques.(7) It has been postulated 
that although enteroviruses stimulate strong antibody responses, they elicit poor CTL responses and would likely only induce a small percentage of CD8+ T-cell to respond.(28) Despite the ability of 
picornaviruses to disrupt antigen presentation via the secretory pathway, Crotty et al. found evidence of functional anti-SIV CTL.(3, 7, 28) Moreover, persistent protection in a small proportion of vaccinees with 
an immunogenic picornavirus vector could potentially have a significant effect on the HIV epidemic.(17) 

In this study we sought to demonstrate the feasibility of using recombinant coxsackievirus B3 (CVB3) as a possible vaccine vector to express HIV-1 proteins. We first introduced varying amounts of HIV-1 Gag 
protein coding sequence into plasmids encoding the coxsackievirus genome. Replication competent recombinant virus was produced by all of these constructs, and HIV proteins of the predicted sizes were 
produced after transfection of cells with these plasmids. Initial passage revealed replication competent virus had been made after transfection and indicates that CVB is capable of packaging a genome 17% 
(1.48 kb) larger while maintaining infectivity. Immunoblots, however, revealed expression of truncated proteins as well. During serial passage, all constructs containing the CA domain either deleted or truncated 
the inserted sequence. All losses of inserted sequence extended into the first few codons of VP4, an effect previously seen with poliovirus.(12, 19) Only the CVB-MA virus had stable expression, which was 
retained through 10 passages. It is unclear why the deletion of HIV-1 sequences rapidly occurred with all vectors containing the nucleotides encoding the CA protein domain of HIV-1. This occurred most rapidly 
with the CVB vectors expressing the 24 kD CA protein alone, even though the coding sequence for the 24 kD green fluorescent protein is maintained in the CVB-EGFP vector for 5 or more passages (R. Feuer; 
personal communication). Although the packaging limits of CVB have not been rigorously defined, it seems unlikely that the size of the genome is the only determinant of this genetic instability. Instead, we 
speculate that the structure of the RNA itself may be to blame for the observed deletions. RNA folding predictions using m-fold (16, 31) indicate an extended stem-loop region several codons into the HIV-1 
capsid protein (Figure 6).

We also examined the ability for the heterologous protein to be properly displayed in the context of an MHC-I molecule and stimulate cell lysis by CTL. The CTL assay showed that MA protein expressed from 
the CVB vector was processed for epitope display on the cell surface for CTL recognition and killing. The magnitude of lysis, however, was low. A variety of viruses interfere with MHC-I gene expression and 
thereby cause down-regulation of the molecule at the cell surface. MHC-I trafficking and display of antigens requires the pathway from the ER to the Golgi to remain intact. This pathway can be perturbed during 
picornavirus infection, as demonstrated by previous research with poliovirus and coxsackievirus B.(3, 4, 8, 27) These non-enveloped viruses do not require the secretory pathway to replicate and exert this 
disruption through a proline-rich region near the N-terminus of the 3A protein.(27) Mutation of this region has been shown to significantly restore secretion function without causing significant detriment to viral 
replication.(3)  Modification of 3A, and perhaps the CVB 2B protein, may further enhance the utility of CVB as a vaccine vector, if immunogenic domains of HIV-1 can be stably expressed.

Figure 1: Construction of CVB vectors. (A) Schematic diagram of CVB3 
genome and constructs used to express heterologous HIV sequences. In 
pCVB3.1 a Sfi I cloning site and a synthetic viral 3C protease cleavage site 
are inserted downstream of the initiation codon of the coxsackie
polyprotein. HIV sequences were PCR amplified with primers containing a 
Sfi I restriction site and ligated into CVB3.1. (B) Expression of HIV 
sequences as detected by western blot. Membrane blotted with pooled 
serum from HIV infected patients. (C) Determination of the titer of viruses 
produced by transfected cells. Titer determined by plaque assay on HeLa
(RW) cells. Values shown are in PFU/mL (mean + standard deviation).

Figure 2: HIV-1 specific immunoblot of first passage of recombinant CVB 
vector. Membrane probed with pooled serum. A549 cells were infected 
with lysates from cells transfected with each of the CVB constructs. Lane 
1: Mock infection. Lane 2: CVB3.1. Lane 3: CVB-MA. Lane 4: CVB-CA. 
Lane 5: CVB-MACA. Lane 6: CVB-NC. Lane 7: CVB-Gag.

Figure 3: Expression of HIV proteins during serial passage. Lysates from serial passages of 
the CVB vectors were examined for stability of HIV-1 protein expression. Diagrams show P1 
region of coxsackievirus and, if applicable, where any deletions were found to occur during 
several passages. Filled in arrowheads signify expected size of proteins. If applicable, empty 
arrowheads indicate the majority deletion product.

Figure 4: One-step growth curve. A549 cells were infected with recombinant CVB 
virus at an MOI of 3 using titered stocks produced by transfection. Circles (●) 
represent CVB-MA, Triangles (▲) represent CVB3.1, and Squares (■) represent 
CVB-CA. CVB-MA, in which the HIV-1 matrix protein is stable for at least 10 
passages, had similar growth dynamics to the parental virus (CVB3.1). Titers of both 
viruses peaked at 8 h post-infection, yet CVB-MA reached a higher titer than the 
parental construct. CVB-CA eventually reached the same titer as the parental 
construct despite having a slower growth rate. 
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Figure 5: Chromium release assay of cells infected with CVB vectors. Caco-2 cells 
were infected with CVB-MA or CVB-EGFP vectors at an MOI of 3.  10 h later, T cell 
clones specific to the SL9 epitope found in HIV-1 were added. Graph shows percent 
specific lysis of cells alone, cells infected with CVB-MA virus, cells loaded with SL9 
peptide, and cells infected with CVB expressing GFP. 

Figure 6: Expression of HIV-1 Nef protein during serial passage. (Top) 
Schematic diagram of HIV-1 Nef protein sequence inserted, as described 
previously, into the Sfi I cloning site of pCVB3.1. (Bottom) 293T cells were used 
to transfect CVB-Nef, while A549 cells were used for infection and passage. 
Lysates from Transfection to 10th Passage were examined for Nef protein 
expression as detected by western blot. Membrane was probed with Nef-specific 
antibody.
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