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Chapter 6

General Discussion

The studies presented in this thesis aimed at developing and evaluating a new technique to
make transgene products used in gene-therapy applications “invisible” (i.e. stealthed) to the
immune system. To this end we used the Gly-Ala repeat (GAr) domain of the Epstein-Barr
virus nuclear antigen-1 (EBNA-1). We provided four examples of fusions with the GAr that
did not impede the function of the reporter, i.e. the E.coli-derived P-galactosidase, herpes
simplex virus-derived thymidine kinase (HSV-TK), firefly luciferase, and jellyfish green
fluorescent protein (GFP).

We showed that the GAr does not affect induction of transgene directed CTL activity
upon adenovirus-mediated transfer and expression of a GAr-LacZ fusion gene. However,
recognition of transgene-expressing cells by antigen-specific CTL is abolished sufficiently to
prevent cytolysis by B-galactosidase-specific CTL. The observation that the GAr does not
inhibit priming of CTL is important and consistent with reports describing the presence of
EBNA-1 specific-CTL in EBV-seropositive individuals (Blake et al., 1997; Blake et al., 2000;
Rickinson and Moss, 1997). This inability of completely preventing the generation and
presentation of antigenic peptides, may be attributed to the fact that the GAr seems not
entirely prevent formation of defective ribosomal products (DRiPs) (Voo et al., 2004; Tellam
et al., 2004; Lee et al., 2004). These DRiPs play an important role in antigenic peptide
generation (Yewdell et al., 1996; Schubert et al., 2000; Reits et al., 2000) and are actually the
main source of antigenic peptides for long-lived proteins (Khan et al., 2001). However, there
are marked differences between our studies and the DRiPs study of Tellam and collaborators.
They studied the full length EBNA-1 in human B-cells and lymphoblastoid cell lines (LCLs).
Whereas specific lysis is observed in the GAr-containing EBNA-1, more efficient lysis could
be obtained when the GAr was deleted from EBNA-1, confirming a stealthing effect of the
GAr in the natural context. This is in accordance with the data from Lee et al., who also noted
a partial protective effect of GAr in its natural context. Furthermore, deletion of the GAr
greatly reduces the half-life of EBNA-1 in B cells. This is consistent with a negative effect of
the GAr on the efficiency of proteasomal degradation (Levitskaya et al., 1995). In addition,
we have studied the effect of the GAr with rather stable proteins and therefore they may
require less stabilization by the GAr, to sufficiently inhibit antigenic-peptide formation.

We showed that the GAr does not affect induction of transgene directed CTL activity
upon adenovirus-mediated transfer and expression of a GAr-LacZ fusion gene. As antigen
presentation by professional APC, most likely DC, is crucial to the initiation of virus-specific
CTL responses, the presence of EBNA-1-specific CTL in EBV-positive donors suggests that
antigen processing for MHC class I by specialized APC is not hampered by the GAr. Our data
strongly suggest that cross-priming does occur, since we could show priming in an indirect
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manner (non-matching MHC class I molecules). The presence of this EBNA-1-specific CTLs
points to the possibility that GAr does not affect the processing of exogenously acquired
EBNA-1 antigens. This can be explained by the fact that in the cross-priming pathway upon
phagocytosis of exogenous proteins there is limited proteolysis and these degradation
products are exported to the cytosol (Lizee et al., 2003; Guermonprez et al., 2003; Houde et
al., 2003; Ackerman et al., 2003). This limited proteolysis probably results in the separation
of the GAr from the antigenic CTL epitope. In this way, the processing of the CTL epitope is
liberated from the inhibitory influence of the GAr on proteasomal antigen degradation,
explaining the observation that CTL priming proceeds in an uninhibited fashion.

In addition to the GAr, we showed that an alternative ORF in EBNA-1 can also inhibit
presentation of linked antigens. This ORF contains a repeat of the same length as GAr and is
rich in Gly (G), Glu and GIn (Z) residues. Therefore we named it the GZ-rich repeat.
Remarkably, this repeat is strongly similar to the last one-third of the latency-associated
nuclear antigen-1 (LANA-1) from kaposi sarcoma herpes virus (KSHV) a.k.a. human herpes
virus 8 (HHV-8). This protein is, like EBNA-1, involved in episomal maintenance of the virus
genome. Also this repeat region is implicated with inhibition of antigenic presentation. This
together suggests that (long) repeats in general have an inhibitory effect on antigen
presentation. It is speculated by Sharipo and collaborators (2001) that the inhibitory effect of
the GAr requires at least three alanine residues in a [-strand conformation with adjacent
hydrophobic binding pockets of a putative receptor (Sharipo et al., 2001). In the case of the
GZr and the LANA-1, there are no alanine residues present and since the whole repeat is
strongly acidic, it is highly unlikely that there will be hydrophobic pockets involved in the
receptor part. This suggests that the GZr and LANA-1 repeats may function in a different
way.

In addition to the full-length repeats of GAr and GZr we were able to obtain mini-
repeats. These mini-repeats were tested as well since it is known that short EBNA-1 derived
glycine and alanine-rich sequence of only 8 amino acids are able to significantly inhibit
proteasomal degradation of instable reporter protein (Sharipo et al., 2001; Sharipo et al., 1998;
Dantuma et al., 2000). Surprisingly, the mini-repeats blocked presentation more efficiently
than the full length repeats. The mechanism for the more potent inhibition is unclear. Maybe
these shorter proteins form less DRiPs then longer proteins, on the basis of size and inherent
difficulties in folding or assembly (Schubert et al., 2000).

Together, these results make out a small library of inhibitory sequences for the
generation of “immunostealth” genes. This is useful in gene therapy approaches where a life-
long restoration of the defects is required. Furthermore, it can be used to create safer suicide
genes from bacterial or viral origin. The most widely used suicide gene is the HSV-TK. Since
this is a viral gene, problems can occur with its use. Indeed, upon infusion of HSV-TK-
expressing T lymphocytes, 8 of 24 recipients developed an immune response against the
transgene product (Thomis et al., 2001). To circumvent this problem attempts to use human
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genes as suicide system, have been done. Of course in the use of human genes for suicide
gene therapy, as is the case with Fas (Thomis et al., 2001) or caspase 8 (Carlotti et al., 2005)
stealthing may not be necessary. However, the TK and ganciclovir combination has a very
useful bystander effect, which makes this combination the system of choice for many gene
therapy applications.
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