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General Discussion 

T he studies presented in this thesis aim ed at dev eloping  and ev aluating  a new  techniq ue to 

m ak e transg ene products used in g ene-therapy  applications “ inv isib le”  (i.e. stealthed) to the 

im m une sy stem . T o this end w e used the Gly -A la repeat (GA r) dom ain of  the E pstein-B arr 

v irus nuclear antig en-1 ( E B N A -1). W e prov ided four ex am ples of  fusions w ith the GA r that 

did not im pede the function of the reporter, i.e. the E.coli-deriv ed �- g alactosidase, herpes 

sim plex  v irus-deriv ed thy m idine k inase (H S V - T K ) , f iref ly  luciferase, and jelly f ish g reen 

f luorescent protein (GF P ) . 

W e show ed that the GA r does not af fect induction of  transg ene directed CT L  activ ity  

upon adenov irus-m ediated transfer and ex pression of  a GA r-L acZ  fusion g ene. H ow ev er, 

recog nition of  transg ene-ex pressing  cells b y  antig en-specif ic CT L  is ab olished suff iciently  to 

prev ent cy toly sis b y  β- g alactosidase-specif ic CT L . T he ob serv ation that the GA r does not 

inhib it prim ing  of  CT L  is im portant and consistent w ith reports describ ing  the presence of 

E B N A -1 specif ic-CT L  in E B V -seropositiv e indiv iduals ( B lak e et al., 19 9 7 ; B lak e et al., 2 0 0 0 ; 

R ick inson and M oss, 19 9 7 ) . T his inab ility  of  com pletely  prev enting  the g eneration and 

presentation of  antig enic peptides, m ay  b e attrib uted to the fact that the GA r seem s not 

entirely  prev ent form ation of  defectiv e rib osom al products (DR iP s) ( V oo et al., 2 0 0 4; T ellam  

et al., 2 0 0 4; L ee et al., 2 0 0 4). T hese DR iP s play  an im portant role in antig enic peptide 

g eneration (Y ew dell et al., 19 9 6; S chub ert et al., 2 0 0 0 ; R eits et al., 2 0 0 0 )  and are actually  the 

m ain source of  antig enic peptides for long -liv ed proteins (K han et al., 2 0 0 1). H ow ev er, there 

are m ark ed dif ferences b etw een our studies and the DR iP s study  of  T ellam  and collab orators. 

T hey  studied the full leng th E B N A -1 in hum an B -cells and ly m phob lastoid cell lines (L CL s). 

W hereas specif ic ly sis is ob serv ed in the GA r-containing  E B N A -1, m ore eff icient ly sis could 

b e ob tained w hen the GA r w as deleted from  E B N A -1, confirm ing  a stealthing  ef fect of  the 

GA r in the natural contex t. T his is in accordance w ith the data from  L ee et al., w ho also noted 

a partial protectiv e ef fect of  GA r in its natural contex t. F urtherm ore, deletion of  the GA r 

g reatly  reduces the half -life of E B N A -1 in B  cells. T his is consistent w ith a neg ativ e ef fect of  

the GA r on the ef ficiency  of  proteasom al deg radation (L ev itsk ay a et al., 19 9 5 ) . In addition, 

w e hav e studied the effect of  the GA r w ith rather stab le proteins and therefore they  m ay  

req uire less stab iliz ation b y  the GA r, to suff iciently  inhib it antig enic-peptide form ation.  

 W e show ed that the GA r does not af fect induction of  transg ene directed CT L  activ ity  

upon adenov irus-m ediated transfer and ex pression of  a GA r- L acZ  fusion g ene. A s antig en 

presentation b y  professional A P C, m ost lik ely  DC, is crucial to the initiation of  v irus-specif ic 

CT L  responses, the presence of  E B N A -1-specific CT L  in E B V -positiv e donors sug g ests that 

antig en processing  for M H C class I  b y  specializ ed A P C is not ham pered b y  the GA r. O ur data 

strong ly  sug g est that cross-prim ing  does occur, since w e could show  prim ing  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 Gln (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 β-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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