
sponsored by:   www.mai-journal.com,   www.immunotools.com   and   www.eurobiosciences.com   page 5

Mod. Asp. Immunobiol. 18, 5, 2006

REFERENCES
1. Polic B et al. J Exp Med 188, 1047, 1998
2. Griffiths PD et al. In Clinical Virology 445, 1997
3. Li Pira G et al. eds Human Immunol 65, 2004
4. Kern F et al. Trends Immunol 9, 477, 2005
5. Riddell SR et al. Science 257, 238, 1992
6. Kern F et al. Nature Med 4, 975, 1998
7. Andre-Schmutz I et al. Hum Immunol 

65, 565, 2004
8. Rauser G et al. Blood 103,355,2004
9. Einsele H et al. Blood 99, 3916, 2002

10. Peggs KS et al. Lancet 362, 1375, 2003
11. Cobbold M et al., J Exp Med 202, 379, 2005
12. Trivedi D et al. Blood 105, 2793, 2005
13. Li Pira G et al. J Infect Dis 191, 215, 2005

Cellular Immunity and CMV
with
Giuseppina Li Pira, PhD, Viral Immunology, Advanced 
Biotechnology Center, 16132 Genoa, Italy 

lipira@cba.unige.it

Fabrizio Manca, MD, Laboratory of Clinical and Experimental 
Immunology, G. Gaslini Institute, 16148 Genoa, Italy

manca@cba.unige.it

Why so much interest in cytomegalovirus immunology?
Giuseppina Li Pira & Fabrizio 
Manca: Cytomegalovirus (CMV) 
is a paradigm for host-patho-
gen interactions. The contain-
ment of CMV infection in 
a latent state after primary 
infection (as for other herpes-
viruses) depends on effective 
cellular immunity mediated by 
CD8 and CD4 lymphocytes, 
for which there is experimen-

tal and clinical evidence. The 
mouse model demonstrates that 
different cell populations coop-
erate to control CMV infection 
(1). In humans, AIDS patients 
and recipients of organ grafts 
or hemopoietic stem cell (HSC) 
grafts, have a defective cellular 
immunity and are prone to 
CMV reactivation leading to 
severe complications (2).

How knowledge in cellular and viral immunology 
can benefit these patients?

Giuseppina Li Pira & Fabrizio 
Manca: Progresses have been 
made recently to understand CD4 
and CD8 responses to pathogens 
(and to CMV in particular). 
Immune responses have been dis-
sected at the level of immuno-
dominant epitopes, mechanisms 
of antigen uptake, processing and 
presentation, T cell activation and 
effector functions, clonal make-up, 
identification and enumeration of 
specific T cells. Several reviews on 
these topics have been recently col-
lated (3). These studies facilitate 
diagnosis of cellular immunity and 
permit adoptive reconstitution 
of immunocompromised patients 
with the specific T cells they need.
 With respect to diagnos-
tics, it has been hard to dissect 
the functions of T lymphocytes, 
even though cellular immunity is 
sustained by about 1 kg of such 
cells. In fact, in the early days 
intradermal tests could probe cel-
lular immunity, but little was 
known about the significance 

of the macrophage-mononuclear 
infiltrate that accounts for DTH. 
Novel assays have been devoloped 
in the last two decades. The 
assays currently available for spe-
cific T cells can be either static 
or dynamic, as we described in a 
recent review (4). Static assays are 
based on flow cytometric identifi-
cation of antigen specific T cells 
that have bound a specific reagent 
(e.g. a peptide-MHC tetramer). 
The tetramer assay is straightfor-
ward, but depends on the HLA 
type of the subject and on pre-
vious definition of immunodom-
inant epitopes. Conversely, the 
functional assays identify antigen 
responsive cells by indirect crite-
ria, such as cytokine production 
or proliferation. We can predict 
that under the strong pressure 
for better assays and thanks to 
our improved knowledge of lym-
phocyte functions, the current 
methods for cellular immunity 
will become standard routine and 
more assays will be developed.

So what can we do for patients with 
defective CMV immunity?

Giuseppina Li Pira & Fabrizio 
Manca: Immunology must pro-
ceed hand in hand with virology at 
the diagnostic level, when the risk 
for a patient has to be defined and 

when therapeutic options must be 
proposed. Virological assays show-
ing active viral replication, in com-
bination with defects of CMV 
specific cellular immunity, define 

the high risk patient. Therefore 
effective antiviral drugs can be 
used to curb viral replication. Nev-
ertheless the drugs are toxic for 
bone marrow cells, which may 
delay immunoreconstitution of 
the specific lymphocytes and drug 
resistant CMV strains may appear. 
Thus adoptive cellular therapy can 
be entertained. 

Can you summarize the state of the art in this field?
Giuseppina Li Pira & Fabrizio 
Manca: In their seminal studies, 
Riddell and Greenberg (5) gen-
erated CMV specific CD8 CTL 
clones from the HSC donors 
and reinfused them into the 
patient to prevent or treat CMV 
pneumonia. The trials were suc-
cessful, but the complexity of 
the method to produce CTL 
clones based on CMV infected 
fibroblasts prevented extended 
use. Cellular immunologists 
were fascinated by this perspec-
tive (5) and engaged in studies 
to define epitopes (6), optimal 
antigen presenting cells (7), 
methods for positive selection 
of specific cells (8). Several  
reports demonstrated that 
APC can be constructed to 
express CMV epitopes and 
that new antigenic prepara-

tions can replace CMV infected 
fibroblasts (7). Nevertheless, 
since therapeutic cells must be 
prepared with simple proce-
dures, not all of these studies 
are clinically applicable. Three 
groups recently contributed 
with therapeutic trials. Einsele 
et al (9) and Peggs et al (10) 
generated and expanded mix-
tures of CD4 and CD8 cells 
specific for CMV from HSC 
allodonors. Reinfused cells did 
not cause GVHD, since allore-
active contamination was unde-
tectable, but resulted in clinical 
benefit. Cobbold et al (11) 
used tetramers to select CMV 
specific CD8 cells, that were 
reinfused without in vitro expan-
sion. Also in this case the clin-
ical benefit and the in vivo 
persistence were shown.

Which progresses do you envisage in the future?
Giuseppina Li Pira & Fabrizio 
Manca: The culture systems should 
be simpler and more efficient, so 
the treatment can be made avail-
able to more patients, without 
being an experimental therapy. Sim-
pler means fewer steps for cell sep-
aration, selection and expansion. 
Use of sealed systems may increase 
safety. Selected institutions may pro-
vide a contract service, so to avoid 
expensive replication of GMP facili-
ties. Increased efficiency means use 
of better antigen presenting cells, 
such as dendritic cells, or powerful 
antigenic formulations like cock-
tails of synthetic peptides (12,13). 
These concepts apply to CD8 and 
to CD4 cell lines. We also envisage 
in the future production of simpli-
fied kits for the generation of T cell 
lines and introduction of antigenic 
peptide libraries derived from other 
opportunistic pathogens. 

 We are confident that 
the use of peptides as anti-
gens, cytokines for T cell 
expansion or dendritic cell dif-
ferentiation-maturation and 
improved bioreactor-type cul-
ture vessels will make adoptive 
therapy with specific lympho-
cytes available to immunocom-
promised patients as a standard 
treatment.


