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Abstract

Despite a long-lasting global effort, the Holy Grail quest for a protective vaccine, able to confer prevention 
to HIV infection, did not reach the hoped for results, nor seems able to do so in the near future. Since 
mucosal surfaces of the host serve as the main entry point for HIV, it seems now logical to switch from 
a systemic to a localized view of events, in order to reveal critical steps useful in designing new and 
different vaccination strategies. In this context, the recent description of the very early phases of infection, 
from the eclipse to the viremia peak phase, seems to define a point-of-no-return threshold after which 
the main HIV infection steps, i.e. the massive destruction of the CD4+CCR5+ cell pool, the destruction 
of the mucosal physical barrier, and the establishment of reservoir sanctuaries, have already been 
accomplished. Nevertheless, the underlying mechanisms, the timing, and the consequences of evasion 
mechanisms exploited by HIV are still under scrutiny.
Innate immunity, as part of a rapid lymphoid stress surveillance system, is known to play a central 
role in host responses to many infectious agents. In particular, Vγ9Vδ2 T-cells are able to quickly 
respond to danger signals without the need for classical major histocompatibility complex presentation, 
and may act as a bridge between innate and acquired arms of immune response, being able to kill 
infected/transformed cells, release antimicrobial soluble factors, and increase the deployment of 
other innate and acquired responses.
Many experimental evidences suggest a direct role of circulating Vγ9Vδ2 T-cells during HIV disease. 
They may exert a direct anti-HIV role by secreting chemokines competing for HIV entry coreceptors as 
well as other soluble antiviral factors, and by killing infected cells by cytotoxic natural killer-like 
mechanisms. Moreover, they were found progressively depleted and anergic in advanced stages of HIV 
disease, this effect being directly linked to uncontrolled HIV replication.
Scarce evidences are available on the involvement of mucosal gamma/delta T-cells during the early 
phases of HIV infection. In particular, the relative cause/effect links between HIV infection, destruction 
of the mucosal physical barrier, nonspecific activation of the immune system, and mucosal innate cell 
activation and effector functions, are still not completely defined.
In order to attain an effective manipulation of innate immune cells, aiming at the induction of an effective 
adaptive immunity against HIV, any information on the role of mucosal antiviral factors and innate 
immune cells will be very important. The aim of this review is to summarize the information on
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Introduction

A much needed and intensely performed effort, aim-
ing at the development of a protective vaccine able to 
confer prevention of HIV infection, gave disappointing1 
or, more recently, modest results2, underlining the 
need for the application of a coordinated research ap-
proach.

It is now clear that at host mucosal surfaces, which 
are the main entry point for HIV, a decisive confronta-
tion occurs between pathogen and host defenses. 
Indeed, it is now clear that the very early phases of 
infection, from the eclipse phase to the viremia peak 
phase, define a point-of-no-return threshold after 
which the main HIV infection steps, i.e. the massive 
destruction of the CD4+CCR5+ cell pool, the destruc-
tion of the mucosal physical barrier, and the estab-
lishment of reservoir sanctuaries, have already been 
accomplished3.

Innate immunity, as part of a rapid lymphoid stress 
surveillance system, is known to play a central role in 
early host responses to many infectious agents by 
coordinating the full deployment of antimicrobial de-
fenses4. Among innate immune cells, gamma/delta 
T-cells bearing the Vγ9Vδ2 T-cell receptor (TCR) are 
believed to play a critical role, being able to link innate 
and acquired immune responses5,6. Even though 
Vγ9Vδ2 T-cells represent a major constituent of gut-
associated lymphoid tissue, particularly among lamina 
propria lymphocytes, scarce evidences are available 
on their involvement during the early phases of HIV 
infection7. In particular, the relative cause/effect links 
between HIV infection, destruction of the mucosal 
physical barrier, nonspecific activation of the immune 
system, and mucosal innate cell activation and effector 
functions, are still not completely defined.

Understanding the role of innate immunity in the 
induction of a protective immune response to HIV 
could allow the definition of new vaccination strate-
gies8,9.

Gamma/delta T-cells as bridges  
between innate and acquired arms  
of immune response

Possible clues about the presence of a different 
class of antigen-specific T-cells besides alpha/beta 
T-cells went from studies of TCR genes in mice, where 
a third V-gene segment cluster, described as Vγ after 
Vα and Vβ, was found10. Shortly after that, a fourth TCR 
gene cluster (Vδ) was found in humans; moreover, 
T-cells bearing the Vγδ heterodimer TCR were iden-
tified as displaying it in association with the CD3 
complex, but with no CD4 or CD8 molecules11,12. 
Thereafter, many different subtypes (Vδ1-5) of gamma/
delta T-cells were found among circulating gamma/delta 
T-cell pools, associated with many different Vγ chains. 
Under normal conditions, Vδ2 is the most represented 
subtype, invariably associated to Vγ9 chain, followed 
by Vδ1 subtype, and associated to many different Vγ 
chains13.

In humans and other primates, antigen-specific 
CD3+ T-cells using a Vγ9Vδ2 TCR represent a small 
percentage among peripheral blood lymphocytes 
(< 5%). With respect to CD3+ T-cells using alpha/
beta chains, they display unique characteristics: al-
pha/beta T-cells mostly respond to protein-derived 
peptides, recognized on antigen-presenting cells with-
in major histocompatibility complex (MHC) class I or 
class II presentation; in contrast, Vγ9Vδ2 T-cells re-
spond to non-protein stress-related molecules, ap-
parently without the need for antigen-presenting cell 

the role of gamma/delta T-cells during HIV infection, from the general circulating population to 
mucosal sites, in order to better describe areas deserving increased attention. In particular, strategies 
enhancing gamma/delta T-cell functions may open the possibility to formulate new immunotherapeutic 
regimens, which could impact the improvement of immune control of HIV disease. (AIDS Rev. 
2011;13:3-12)
Corresponding author: Federico Martini, federico.martini@inmi.it
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presentation4,14. Moreover, while the alpha/beta T-cell 
pool is composed by many different antigen-specif-
ic clones, gamma/delta T-cells in primates expand 
during early life in response to autologous trigger-
ing signals, driving limited clonotype variability; as 
a result, cells displaying a Vγ9Vδ2 TCR represent a 
vast majority within circulating gamma/delta T-cell 
pool15.

Upon activation, Vγ9Vδ2 T-cells are able to medi-
ate many different effector functions. By secreting 
T-helper type 1 (Th1) cytokines, such as tumor ne-
crosis factor alpha (TNF-α) and gamma interferon 
(IFN-γ), activated Vγ9Vδ2 T-cells were found able to 
directly induce monocyte-derived dendritic cell mat-
uration and activation, suggesting a potential adju-
vant role of this cross-talk in enhancing antigen-
specific alpha/beta T-cell responses16,17. By releasing 
monocyte chemotactic protein-2 (MCP-2), they may 
recruit and activate neutrophil phagocytes able to 
release antimicrobial factors such as alpha-de-
fensins, thus contributing to a local activation of 
innate immunity mechanisms18. They release many 
different cytokines/chemokines, able to drive other 
immune cells’ activation19. Finally, they are able to 
mediate natural killer (NK)-like cytotoxicity functions 
against infected or transformed autologous cells20-22. 
Interestingly, their NK-like activity was found regu-
lated by the very similar mechanisms, including the 
“missing self” strategy, used by classical NK 
cells23-25.

Shortly after being identified, Vγ9Vδ2 T-cells were 
found expanded after M. tuberculosis26 and ehrli-
chiosis27 infections. The non-proteic nature of the 
phosphoantigens present in M. tuberculosis, able 
to trigger Vγ9Vδ2 T-cells, was rapidly defined28-30, 
and the recognition mechanism was found very differ-
ent from alpha/beta T-cells, as Vγ9Vδ2 T-cells directly 
recognize phosphoantigens, without any antigen pro-
cessing and MHC class I or II presentation31. Recog-
nized antigens are small phosphorylated molecules, 
such as isopentenyl pyrophosphate, normally present 
within eukaryotic cells as an intermediate of the me-
valonate-cholesterol metabolic pathway, that could be 
used as danger signals by stressed-transformed or 
infected cells14.

As recently proposed4, Vγ9Vδ2 T-cells may consti-
tute a relevant part of the lymphoid stress-surveillance 
system: they are an “activated yet resting” circulating 
lymphocyte population, able to quickly and effectively 
respond to danger signals without the need for anti-
gen processing and presentation. Stress surveillance 

is not compatible with a delayed response following 
clonal expansion. Indeed, Vγ9Vδ2 T-cells outnumber 
among circulating lymphocytes any single alpha/beta 
T-cell clone, thus making clonal expansion or de 
novo differentiation unnecessary; their huge number, 
and the possibility to be polyclonally activated by 
stress signals, makes them key actors of immune 
response by linking innate and acquired arms of the 
immune system13.

Gamma/delta T-cell involvement  
during HIV infection

Many experimental evidences suggest a direct 
role of Vγ9Vδ2 T-cells in HIV disease. Shortly after 
the discovery of gamma/delta T-cells, an inversion in 
the Vδ2 to Vδ1 ratio was found in peripheral blood 
mononuclear cells from HIV-infected persons in 
comparison to healthy donors32. This inversion was 
due to a loss of circulating Vγ9Vδ2 T-cells in AIDS 
and p24-antigenemic HIV-infected patients33, related 
to an apoptosis mechanism34. On analyzing HIV-in-
fected patients at different disease stages, it was 
found that the circulating CD4+ T-cell count was in-
versely correlated with the activation capability of 
Vγ9Vδ2 T-cells, evaluated by human leukocyte anti-
gen D-related expression35. Recent data on subjects 
infected by HIV through blood transfusions con-
firmed the significant correlation between Vγ9Vδ2 
T-cell numbers and disease progression from both 
immunological and virologic points of view36. More-
over, the remaining Vγ9Vδ2 T-cells were found aner-
gic and unable to expand after TCR stimulation37,38. 
This anergy was defined as one of the first HIV-
related immune evasion events, being present also 
in asymptomatic patients, preceding any CD4+ T-cell 
loss39. Since Vγ9Vδ2 T-cells are very similar in hu-
mans and other primates, similar data were ob-
tained in simian immunodeficiency virus (SIV)-in-
fected rhesus monkeys40,41.

The Vγ9Vδ2 T-cells unable to proliferate upon phos-
phoantigen stimulation were also shown unable to 
perform their effector function, with a reduced pro-
duction of IFN-γ and TNF-α5,42,43. Moreover, anergy 
was greater in advanced AIDS patients, and was at 
least partially recovered after HAART44. Interestingly, 
anergy was associated to a loss of specific effector 
cell subpopulations, and could be due to a differen-
tiation block in an immature stage45. The molecular 
mechanisms causing anergy to TCR triggering are 
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still under scrutiny; however, a decreased expression 
of CD3ζ TCR-associated molecule was recently 
shown in HIV-infected patients46, similar to what is 
known on CD4 and CD8 alpha/beta T-cells during 
HIV infection47; differently from alpha/beta T-cells, 
however, CD3ζ expression could not be restored by 
overnight incubation with interleukins IL-2 or IL-15, 
while it could be restored by direct protein kinase C 
activation46. An exposure to proinflammatory cyto
kines inducing CD3ζ down-modulation has been pro-
posed as a possible mechanism of T-cell anergy48; 
since one of the earliest consequences after HIV 
infection is a cytokine storm including IL-15, IFN-α 
and TNF-α release49, it is reasonable that this 
mechanism could also induce Vγ9Vδ2 T-cell anergy. 
Finally, an explanation for Vγ9Vδ2 T-cell loss and 
anergy may include “negative co-stimulators” such 
as PD-1, known to control alpha/beta effector CD8 
T-cell expansion in chronic virus infections that could 
also regulate gamma/delta T-cell expansion after HIV 
infection4.

The dynamics of Vγ9Vδ2 T-cells in relation to HIV 
replication were studied in the HAART interruption 
model. Vγ9Vδ2 T-cell loss and anergy were found to 
be strictly dependent on acute HIV replication, and 
could be partially recovered after stopping virus 
replication with HAART reintroduction50. Moreover, 
HIV infection was found able to deeply affect the 
Vγ9Vδ2 T-cell repertoire, since loss was specific for 
Jγ1.2 subset, known to include most phosphoanti-
gen-reactive cells51. How or if HAART could induce 
Vγ9Vδ2 Jγ1.2 repertoire recovery is still unresolved52,53. 
Interestingly though, in a group of HIV-infected pa-
tients who suppressed HIV replication without antiret-
roviral therapy, increased Vγ9Vδ2 Jγ1.2 cells were very 
recently found54.

Vγ9Vδ2 T-cells can exert direct and bystander anti-
viral activity55,56. Notably, IL-2 expanded gamma/delta 
T-cells from primates were able to lyse SIV-infected 
target cells by NK-like mechanisms57, and this anti-
viral protective capability was found also in Vγ9Vδ2 
T-cells from healthy humans58. The close similarity 
between Vγ9Vδ2 T-cells and NK cells was underlined 
by a similar use of activator and inhibitory receptors, 
controlling their cytotoxic effector function23. More 
importantly, activated Vγ9Vδ2 T-cells may directly 
suppress HIV replication by releasing CC-chemo
kines, competing with HIV for CCR5 entry coreceptor, 
and other soluble antiviral factors56,59. Similar data 
were obtained on mucosal gamma/delta T-cells from 
macaques infected by SIV by a rectal mucosa 

route55. Interestingly, an increased ability of Vγ9Vδ2 
T-cells to secrete Th1 cytokines was found after non-
pathogenic SIV infection of sooty mangabey mon-
keys, suggesting a direct relationship between this 
capability and the absence of clinical manifesta-
tions60.

May gamma/delta T-cells be targeted  
as immunomodulating agents  
during HIV infection?

Gamma/delta T-cells emerged as playing a major 
role in immuno-protection and immunoregulation, as 
summarized in figure 1. Their potential as a target for 
immunomodulating strategies was fully recognized 
when aminobiphosphonates, drugs already in use to 
reduce osteoclastic bone resorption, were found able 
to induce in vivo Vγ9Vδ2 T-cell expansion61, and when 
safe and effective ways aiming to induce their activa-
tion in vivo by phosphoantigens or aminobiphospho-
nates, with or without cytokines, were developed62-65. 
This approach has recently been used against mye
loma, carcinoma, and lymphoma tumors66,67. Interest-
ingly, gamma/delta T-cell reconstitution was found as 
the major determinant of graft-versus-leukemia activity 
in patients receiving T-depleted bone marrow grafts68. 
Two different strategies were defined as new immune-
based treatment strategies for tumors by Vγ9Vδ2 T-cell 
activation. Drugs could be given in vivo, able to induce 
Vγ9Vδ2 T-cell activation69. Differently, Vγ9Vδ2 T-cells 
could be expanded by in vitro stimulation and adop-
tively transferred70. In effect, a relevant antitumor effect 
of Vγ9Vδ2 T-cell activation in vivo has been demon-
strated, confirming the feasibility of a new therapeutic 
approach for translation into clinical settings71.

Vγ9Vδ2 T-cell antimicrobial reactivity, and the ability 
to produce inflammatory cytokines involved in protec-
tive immunity against intracellular pathogens, sug-
gested their use also for infectious diseases as a tar-
get for new immuno-mediated treatment strategies72,73. 
Different studies were designed, aiming at the study 
of immune correlates of protection induced by Vγ9Vδ2 
T-cell in vivo stimulation in HIV infection. In a study on 
simian HIV-infected macaques74, phosphoantigen plus 
IL-2 was able to induce Vγ9Vδ2 T-cell expansion in 
vivo, correlated to HIV Env-specific antibody titres, as 
well as CD4 and CD8 alpha/beta T-cell activation, 
driving the release of antimicrobial cytokines. In a dif-
ferent study on HIV-infected humans75, zoledronate 
plus IL-2 treatment was able to induce in vivo Vγ9Vδ2 
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T-cell expansion and differentiation. Moreover, paral-
leling Vγ9Vδ2 T-cell activation, increased dendritic 
cell maturation and HIV-specific CD8 T-cell responses 
were found, suggesting a possible adjuvant role of 
zoledronate and IL-2 treatment in restoring both in-
nate and specific competence in HIV-infected per-
sons. Thus, effective tools allowing increased im-
mune competence through the enhancement of 
Vγ9Vδ2 T-cell function during HIV infection are now 
available76-80.

Do mucosal gamma/delta T-cells  
play a role in mucosal sites during  
very early steps of HIV infection?

As a major component in the mucosal immune sys-
tem, gamma/delta T-cells deserve major attention as 

possible key players in early HIV-induced events. Des
pite the fact that gamma/delta T-cells, and particularly 
Vγ9Vδ2 T-cells, represent a major component among 
lamina propria lymphocytes, scarce evidences are 
available on their role in this early, decisive phase of 
infection. A contraction of the mucosal Vγ9Vδ2 T-cell 
population was found in parallel to a circulating pool 
in chronically infected treated patients despite suc-
cessful treatment7,81. Interestingly, a lower level of mu-
cosal gamma/delta T-cells was found associated to 
short survival expectancy in advanced AIDS patients82. 
The mechanism and the timing of mucosal Vγ9Vδ2 
T-cell loss, and particularly its possible link with mu-
cosal CD4+CCR5+ T-cell loss, are not yet clear. Vγ9Vδ2 
T-cell specific loss has been attributed to activation-
induced cell death by apoptosis83, which in this case 
could be secondary to massive HIV-induced activation, 
and migration to secondary lymph nodes. On the 

Figure 1. Pleiotropic immune activities of Vγ9Vδ2 T-cells. NK: natural killer; TNF: tumor necrosis factor; IFN: interferon; MCP: monocyte 
chemoattractant protein; FasL: Fas ligand; CTL: cytotoxic T-lymphocyte; DC: dendritic cell; Th1: T-helper type 1.
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other hand, reports on productive infection of Vγ9Vδ2 
T-cells by HIV have been only anecdotal84; a secondary 
effect, concomitant to human herpes virus 6 coinfection, 
was proposed85, which in any case cannot be described 
as an explanation for the loss in the early phases of 
HIV infection.

Given their multiple capabilities, mucosal Vγ9Vδ2 
T-cells could play a relevant role in the early phases 
of infection. Interestingly, a relevant role of mucosal 
gamma/delta T-cells shortly after oral SIV infection in 
macaques was found, since this induced a rapid and 
significant increase of mucosal gamma/delta T-cells, 
paralleled by an increase of lymphoid homing recep-
tors, and preceding any change in CD4 T-cells, thus 
suggesting a rapid change in the mucosal innate com-
partment at the earliest times post infection86. More-
over, by studying macaques immunized with SIV gp120 
and p27 in alum, and challenged with live SIV by 
the rectal mucosal route, protected animals showed 
an increased frequency of mucosal gamma/delta 
T-cells in comparison to infected animals. Moreover, 
gamma/delta T-cells produced antiviral factors, such 
as Regulated on Activation, Normal T-cell Expressed 
and Secreted (RANTES), Macrophage Inflammatory 
Protein (MIP)-1α and MIP-1β, which could prevent 
SIV infection in mucosal sites by competing for the 
CCR5 coreceptor55.

One of the first damages at mucosal sites after HIV 
infection affects T-helper type 17 (Th17) cells, since 
they are preferentially lost in HIV/SIV-infected hosts 
with progressive disease87-89, but not in non-progressing 
hosts such as sooty mangabeys88 or African green 
monkeys87. Numerous lines of evidence suggest that 
the mucosal barrier function is orchestrated by a 
subset of cytokines (IL-17 and IL-22), which belong to 
the Th17 family. Both IL-17 and IL-22 induce expression 
of antimicrobial peptides and neutrophil chemoattrac-
tant at mucosal sites, thus playing an important role in 
controlling mucosal infections90. Moreover, Th17 cells 
were shown depleted after SIV infection, thereby 
impairing mucosal barrier resistance to Salmonella 
typhimurium dissemination91.

Interestingly, in HIV-infected patients, increased se-
rum levels of neopterin and β2-microglobulin, reflect-
ing immunostimulation, were found inversely related to 
duodenal gamma/delta intraepithelial lymphocytes, 
suggesting a possible role of these cells in limiting 
nonspecific immune stimulation82. Indeed, a rapid 
cross-talk between activated Vγ9Vδ2 T-cells and 
monocytes was found able to induce Th17 cell activa-
tion, which in turn recruit and activate neutrophils; this 

suggests a direct link between invading pathogens, 
microbe-responsive Vγ9Vδ2 T-cells, and monocytes in 
the inflammatory infiltrate, which could play a crucial 
role in early response and in the generation of mi-
crobe-specific immunity92. Since Vγ9Vδ2 T-cells, simi-
larly to Th17 cells, are able to directly activate neutro-
phils through MCP-2 release18, their improvement 
could play a major role in the mucosal immune re-
sponse by preventing systemic microbial dissemina-
tion from the gastrointestinal tract in the early phases 
of HIV infection.

Open questions and conclusions

Early facts associated to mucosal transmitted HIV 
infection are of paramount importance in defining the 
following course of events3,9,93. Natural antiviral fac-
tors and cells, such as Vγ9Vδ2 T-cells, are now rec-
ognized as critical in these very early events, given 
the high number of these cells in mucosa and how 
easily they can be activated. Recent data on the con-
frontation between HIV and the immune system in the 
first days after infection show that anti-HIV CD8 T-cell 
responses are causally linked to the decline of viral 
load in acute infection by killing productively infected 
cells, suggesting that a quick, wide breadth CD8 re-
sponse could possibly limit HIV infection and still 
avoid the emergence of virus escape variants94. Inter-
estingly, mucosal polyfunctional CD8 T-cell responses 
have been described as a potential correlate of im-
mune control in elite controller patients, able to spon-
taneously control HIV replication in the absence of 
therapy95. The unique capability of Vγ9Vδ2 T-cells to 
be activated by quickly recognizing stress signals, and 
to mediate both an adjuvant role on innate response 
recruitment and CD8 T-cell activation, and a direct role 
in secreting antiviral molecules and in killing infected 
cells, makes them very relevant in the early events 
course76.

Any possibility to strengthen host responses re-
lies on the precise depicture of host-pathogen con-
frontation in order to overcome pathogen-induced 
evasion strategies. Unfortunately, many different 
questions about the role of Vγ9Vδ2 T-cells during 
early HIV infection are still not answered, as summa-
rized in table I.

First of all, it is not clear where and when the mas-
sive loss of Vγ9Vδ2 T-cells occurs, and if circulating 
Vγ9Vδ2 T-cell loss and anergy precedes, is con-
comitant, or is secondary to the massive CD4+CCR5+ 
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Figure 2. How Vγ9Vδ2 T-cells at mucosal sites could affect the early phases of HIV infection. DC: dendritic cell; CTL: cytotoxic T-lymphocyte; 
APC: antigen-presenting cell; LPS: lipopolysaccharide; TH17: T-helper type 17.

Table 1. Open questions on the role of Vγ9Vδ2 T-cells in mucosal early events associated to HIV infection

–  Where and when does Vγ9Vδ2 T-cell loss occur?

–  Which HIV-related mechanisms are responsible for Vγ9Vδ2 T-cell depletion?

–  Is Vγ9Vδ2 T-cell depletion related to lamina propria CD4 T-cell loss?

– � Could Vγ9Vδ2 T-cell antiviral action be enhanced, and how could this affect the early phases of HIV infection by targeting 
HIV-infected cells and interfering with virus dissemination?

–  Could adjuvant action of Vγ9Vδ2 T-cells allow the generation of protective antiviral CD8 T-cell response?

– � Can Vγ9Vδ2 T-cells exert a protective role against bacterial translocation process by inducing neutrophil recruitment and 
activation?

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11



AIDS Reviews. 2011;13

10

T-cell loss in lamina propria96. Moreover, the HIV-
driven mechanism(s) responsible for anergy and loss 
are not clearly defined. How Vγ9Vδ2 T-cell activation 
in mucosal sites could affect the early phases of HIV 
infection is not known, and neither is their effect in 
enhancing mucosal protective CD8 T-cell response. 
Finally, the relation between Vγ9Vδ2 T-cell activation 
and damage to gastrointestinal mucosal integrity, 
leading to local generalized activation of the immune 
system and increased susceptibility to infection, is not 
known97.

Regarding this, several different possible roles of 
Vγ9Vδ2 T-cells may be depicted, as shown in figure 2. 
First of all, Vγ9Vδ2 T-cells could quickly recognize 
HIV-infected cells by stress-surveillance mecha-
nisms, driving a directly protective antiviral role by 
quickly releasing chemokines, interfering with HIV 
entry, and killing infected cells by NK-like mecha-
nisms. Secondly, Vγ9Vδ2 T-cells could improve in-
nate antimicrobial responses by recruiting and activat-
ing neutrophils by MCP-2 release18, or by indirectly 
inducing Th17 cell activation92, thus limiting the mi-
crobial translocation-immune activation pathogen-
esis loop93. Finally, Vγ9Vδ2 T-cells could allow the 
fast generation of an increased protective anti-HIV 
CD8 response to transmitted/founder virus, strong 
enough to avoid the emergence of escape virus 
mutants94.

It is now clear that the very early phases of HIV infec-
tion in mucosal sites are decisive in defining a point of 
no return threshold3,93. In this scenario, the fast innate 
response of Vγ9Vδ2 T-cells could tip the balance be-
tween virus escape mechanisms and protective host 
immune response by directly targeting infected cells, 
by enhancing acquired CD8 T-cell response, and by 
limiting generalized immune activation caused by mi-
crobial translocation9.

A better depiction of the role of Vγ9Vδ2 T-cells could 
therefore give new weapons to correct the disadvan-
taged equilibrium between HIV and the host immune 
system.

Acknowledgements

This work is dedicated to Fabrizio Poccia, a great 
young scientist who deeply believed in gamma/delta 
T-cells.

This work was supported by a grant from the Italian 
Ministry of Health “Ricerca Corrente – Istituti di Ricovero 
e Cura a Carattere Scientifico”.

References

	 1.	 Johnston M, Fauci A. An HIV vaccine–challenges and prospects. N Engl 
J Med. 2008;359:888-90.

	 2.	 Dolin R. HIV vaccine trial results--an opening for further research. N Engl 
J Med. 2009;361:2279-80.

	 3.	 McMichael A, Borrow P, Tomaras G, Goonetilleke N, Haynes B. The 
immune response during acute HIV-1 infection: clues for vaccine devel-
opment. Nat Rev Immunol. 2010;10:11-23.

	 4.	 Hayday A. Gammadelta T cells and the lymphoid stress-surveillance 
response. Immunity. 2009;31:184-96.

	 5.	 Poccia F, Wallace M, Colizzi V, Malkovsky M. Possible protective and 
pathogenic roles of gamma delta T lymphocytes in HIV-infections (Re-
view). Int J Mol Med. 1998;1:409-13.

	 6.	 Poccia F, Gougeon M, Bonneville M, et al. Innate T-cell immunity to 
nonpeptidic antigens. Immunol Today. 1998;19:253-6.

	 7.	 Hofer U, Speck R. Disturbance of the gut-associated lymphoid tissue is 
associated with disease progression in chronic HIV infection. Semin 
Immunopathol. 2009;31:257-66.

	 8.	 Shacklett B. Mucosal immunity to HIV: a review of recent literature. Curr 
Opin HIV AIDS. 2008;3:541-7.

	 9.	 Shattock R, Haynes B, Pulendran B, Flores J, Esparza J. Improving 
defences at the portal of HIV entry: mucosal and innate immunity. PLoS 
Med. 2008;5:e81.

	 10.	 Heilig J, Tonegawa S. Diversity of murine gamma genes and expression 
in fetal and adult T lymphocytes. Nature. 1986;322:836-40.

	 11.	 Chien Y, Iwashima M, Wettstein D, et al. T-cell receptor delta gene rear-
rangements in early thymocytes. Nature. 1987;330:722-7.

	 12.	 Born W, Miles C, White J, et al. Peptide sequences of T-cell receptor 
delta and gamma chains are identical to predicted X and gamma pro-
teins. Nature. 1987;330:572-4.

	 13.	 Hayday A. [gamma][delta] cells: a right time and a right place for 
a conserved third way of protection. Annu Rev Immunol. 2000;18: 
975-1026.

	 14.	 Gober H, Kistowska M, Angman L, et al. Human T cell receptor gam-
madelta cells recognize endogenous mevalonate metabolites in tumor 
cells. J Exp Med. 2003;197:163-8.

	 15.	 Parker C, Groh V, Band H, et al. Evidence for extrathymic changes in 
the T cell receptor gamma/delta repertoire. J Exp Med. 1990;171: 
1597-612.

	 16.	 Martino A, Poccia F. Gamma delta T cells and dendritic cells: close 
partners and biological adjuvants for new therapies. Curr Mol Med. 
2007;7:658-73.

	 17.	 Conti L, Casetti R, Cardone M, et al. Reciprocal activating interaction 
between dendritic cells and pamidronate-stimulated gammadelta T cells: 
role of CD86 and inflammatory cytokines. J Immunol. 2005;174:252-60.

	 18.	 Agrati C, Cimini E, Sacchi A, et al. Activated V gamma 9V delta 2 T cells 
trigger granulocyte functions via MCP-2 release. J Immunol. 2009; 
182:522-9.

	 19.	 Evans P, Enders P, Yin C, et al. In vitro stimulation with a non-peptidic 
alkylphosphate expands cells expressing Vgamma2-Jgamma1.2/Vdel-
ta2 T-cell receptors. Immunology. 2001;104:19-27.

	 20.	 Mingari M, Varese P, Bottino C, et al. Clonal analysis of CD4-CD8- human 
thymocytes expressing a T cell receptor gamma/delta chain. Direct 
evidence for the de novo expression of CD8 surface antigen and of 
cytolytic activity against tumor targets. Eur J Immunol. 1988;18:1831-4.

	 21.	 Qin G, Mao H, Zheng J, et al. Phosphoantigen-expanded human gam-
madelta T cells display potent cytotoxicity against monocyte-derived 
macrophages infected with human and avian influenza viruses. J Infect 
Dis. 2009;200:858-65.

	 22.	 van de Griend R, Gravekamp C, Bolhuis R. Human CD3+4-8- TCR alpha 
beta- gamma+ blood T cells, their lytic potential against tumor cells, and 
their recognition using WT31 monoclonal antibody. Transplant Proc. 
1988;20:332-5.

	 23.	 Poccia F, Cipriani B, Vendetti S, et al. CD94/NKG2 inhibitory receptor 
complex modulates both anti-viral and anti-tumoral responses of poly-
clonal phosphoantigen-reactive V gamma 9V delta 2 T lymphocytes. J 
Immunol. 1997;159:6009-17.

	 24.	 Halary F, Peyrat M, Champagne E, et al. Control of self-reactive cyto-
toxic T lymphocytes expressing gamma delta T cell receptors by natural 
killer inhibitory receptors. Eur J Immunol. 1997;27:2812-21.

	 25.	 Bakker A, Phillips J, Figdor C, Lanier L. Killer cell inhibitory receptors for 
MHC class I molecules regulate lysis of melanoma cells mediated by 
NK cells, gamma delta T cells, and antigen-specific CTL. J Immunol. 
1998; 160:5239-45.

	 26.	 Janis E, Kaufmann S, Schwartz R, Pardoll D. Activation of gamma delta 
T cells in the primary immune response to Mycobacterium tuberculosis. 
Science. 1989;244:713-16.

	 27.	 Caldwell C, Everett E, McDonald G, Yesus Y, Roland W. Lymphocytosis 
of gamma/delta T cells in human ehrlichiosis. Am J Clin Pathol. 1995; 
103:761-6.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11



Chiara Agrati, et al.: Gamma/Delta T-Cells Role in Early HIV Infection

11

	 28.	 Tanaka Y, Sano S, Nieves E, et al. Nonpeptide ligands for human 
gamma delta T cells. Proc Natl Acad Sci USA. 1994;91:8175-9.

	 29.	 Tanaka Y, Morita C, Tanaka Y, et al. Natural and synthetic non-peptide 
antigens recognized by human gamma delta T cells. Nature. 1995; 
375:155-8.

	 30.	 Tanaka Y, Kobayashi H, Terasaki T, et al. Synthesis of pyrophosphate-
containing compounds that stimulate Vgamma2Vdelta2 T cells: applica-
tion to cancer immunotherapy. Med Chem. 2007;3:85-99.

	 31.	 Morita C, Beckman E, Bukowski J, et al. Direct presentation of nonpep-
tide prenyl pyrophosphate antigens to human gamma delta T cells. 
Immunity. 1995;3:495-507.

	 32.	 Autran B, Triebel F, Katlama C, et al. T cell receptor gamma/delta+ 
lymphocyte subsets during HIV infection. Clin Exp Immunol. 1989; 
75:206-10.

	 33.	 Hermier F, Comby E, Delaunay A, et al. Decreased blood TcR gamma 
delta+ lymphocytes in AIDS and p24-antigenemic HIV-1-infected pa-
tients. Clin Immunol Immunopathol. 1993;69:248-50.

	 34.	 Chia W, Freedman J, Li X, et al. Programmed cell death induced by HIV 
type 1 antigen stimulation is associated with a decrease in cytotoxic T 
lymphocyte activity in advanced HIV type 1 infection. AIDS Res Hum 
Retroviruses. 1995;11:249-56.

	 35.	 Norazmi M, Arifin H, Jamaruddin M. Increased level of activated gamma 
delta lymphocytes correlates with disease severity in HIV infection. Im-
munol Cell Biol. 1995;73:245-8.

	 36.	 Li H, Peng H, Ma P, et al. Association between Vgamma2Vdelta2 T cells 
and disease progression after infection with closely related strains of 
HIV in China. Clin Infect Dis. 2008;46:1466-72.

	 37.	 Poccia F, Boullier S, Lecoeur H, et al. Peripheral V gamma 9/V delta 2 
T cell deletion and anergy to nonpeptidic mycobacterial antigens in 
asymptomatic HIV-1-infected persons. J Immunol. 1996;157:449-61.

	 38.	 Montesano C, Gioia C, Martini F, et al. Antiviral activity and anergy of 
gammadeltaT lymphocytes in cord blood and immuno-compromised 
host. J Biol Regul Homeost Agents. 2001;15:257-64.

	 39.	 Wallace M, Scharko A, Pauza C, et al. Functional gamma delta T-lym-
phocyte defect associated with human immunodeficiency virus infec-
tions. Mol Med. 1997;3:60-71.

	 40.	 Gan Y, Pauza C, Malkovsky M. Gamma delta T cells in rhesus monkeys 
and their response to simian immunodeficiency virus (SIV) infection. Clin 
Exp Immunol. 1995;102:251-5.

	 41.	 Malkovsky M, Wallace M, Fournie J, et al. Alternative cytotoxic effec-
tor mechanisms in infections with immunodeficiency viruses: gam-
madelta T lymphocytes and natural killer cells. AIDS. 2000;14(Suppl 
3): S175-86.

	 42.	 Garcia V, Sieling P, Gong J, et al. Single-cell cytokine analysis of gam-
ma delta T cell responses to nonpeptide mycobacterial antigens. J Im-
munol. 1997;159:1328-35.

	 43.	 Boullier S, Poquet Y, Debord T, Fournie J, Gougeon M. Regulation by 
cytokines (IL-12, IL-15, IL-4 and IL-10) of the Vgamma9Vdelta2 T cell 
response to mycobacterial phosphoantigens in responder and anergic 
HIV-infected persons. Eur J Immunol. 1999;29:90-9.

	 44.	 Martini F, Urso R, Gioia C, et al. gammadelta T-cell anergy in human 
immunodeficiency virus-infected persons with opportunistic infections 
and recovery after highly active antiretroviral therapy. Immunology. 
2000;100:481-6.

	 45.	 Gioia C, Agrati C, Casetti R, et al. Lack of CD27-CD45RA-V gamma 9V 
delta 2+ T cell effectors in immunocompromised hosts and during active 
pulmonary tuberculosis. J Immunol. 2002;168:1484-9.

	 46.	 Sacchi A, Tempestilli M, Turchi, F et al. CD3zeta down-modulation may 
explain Vgamma9Vdelta2 T lymphocyte anergy in HIV-infected patients. 
J Infect Dis. 2009;199:432-6.

	 47.	 Valitutti S, Muller S, Salio M, Lanzavecchia A. Degradation of T cell re-
ceptor (TCR)-CD3-zeta complexes after antigenic stimulation. J Exp 
Med. 1997;185:1859-64.

	 48.	 Isomaki P, Panesar M, Annenkov A, et al. Prolonged exposure of T cells 
to TNF down-regulates TCR zeta and expression of the TCR/CD3 com-
plex at the cell surface. J Immunol. 2001;166:5495-507.

	 49.	 Stacey A, Norris P, Qin L, et al. Induction of a striking systemic cytokine 
cascade prior to peak viremia in acute human immunodeficiency virus 
type 1 infection, in contrast to more modest and delayed responses in 
acute hepatitis B and C virus infections. J Virol. 2009;83:3719-33.

	 50.	 Martini F, Poccia F, Goletti D, et al. Acute human immunodeficiency virus 
replication causes a rapid and persistent impairment of Vgamma9Vdel-
ta2 T cells in chronically infected patients undergoing structured treat-
ment interruption. J Infect Dis. 2002;186:847-50.

	 51.	 Enders P, Yin C, Martini F, et al. HIV-mediated gammadelta T cell deple-
tion is specific for Vgamma2+ cells expressing the Jgamma1.2 segment. 
AIDS Res Hum Retroviruses. 2003;19:21-9.

	 52.	 Bordon J, Evans P, Propp N, et al. Association between longer duration 
of HIV-suppressive therapy and partial recovery of the V gamma 2 T cell 
receptor repertoire. J Infect Dis. 2004;189:1482-6.

	 53.	 Hebbeler A, Propp N, Cairo C, et al. Failure to restore the Vgamma2-
Jgamma1.2 repertoire in HIV-infected men receiving highly active anti-
retroviral therapy (HAART). Clin Immunol. 2008;128:349-57.

	 54.	 Riedel D, Sajadi M, Armstrong C, et al. Natural viral suppressors of HIV-
1 have a unique capacity to maintain gammadelta T cells. AIDS. 
2009;23:1955-64.

	 55.	 Lehner T, Mitchell E, Bergmeier L, et al. The role of gammadelta T cells 
in generating antiviral factors and beta-chemokines in protection against 
mucosal simian immunodeficiency virus infection. Eur J Immunol. 
2000;30:2245-56.

	 56.	 Poccia F, Battistini L, Cipriani B, et al. Phosphoantigen-reactive Vgam-
ma9Vdelta2 T lymphocytes suppress in vitro human immunodeficiency 
virus type 1 replication by cell-released antiviral factors including CC 
chemokines. J Infect Dis. 1999;180:858-61.

	 57.	 Wallace M, Gan Y, Pauza C, Malkovsky M. Antiviral activity of primate 
gamma delta T lymphocytes isolated by magnetic cell sorting. J Med 
Primatol. 1994;23:131-5.

	 58.	 Wallace M, Bartz S, Chang W, et al. Gamma delta T lymphocyte re-
sponses to HIV. Clin Exp Immunol. 1996;103:177-84.

	 59.	 Biswas P, Ferrarini M, Mantelli B, et al. Double-edged effect of Vgam-
ma9/Vdelta2 T lymphocytes on viral expression in an in vitro model of 
HIV-1/mycobacteria co-infection. Eur J Immunol. 2003;33:252-63.

	 60.	 Kosub D, Lehrman G, Milush J, et al. Gamma/Delta T-cell functional 
responses differ after pathogenic human immunodeficiency virus and 
nonpathogenic simian immunodeficiency virus infections. J Virol. 2008; 
82:1155-65.

	 61.	 Kunzmann V, Bauer E, Wilhelm M. Gamma/delta T-cell stimulation by 
pamidronate. N Engl J Med. 1999;340:737-8.

	 62.	 Gougeon M, Malkovsky M, Casetti R, Agrati C, Poccia F. Innate T 
cell immunity to HIV-infection. Immunotherapy with phosphocarbo-
hydrates, a novel strategy of immune intervention? Vaccine. 2002; 
20:1938-41.

	 63.	 Kunzmann V, Bauer E, Feurle J, et al. Stimulation of gammadelta T cells 
by aminobisphosphonates and induction of antiplasma cell activity in 
multiple myeloma. Blood. 2000;96:384-92.

	 64.	 Sicard H, Ingoure S, Luciani B, et al. In vivo immunomanipulation of V 
gamma 9V delta 2 T cells with a synthetic phosphoantigen in a pre-
clinical nonhuman primate model. J Immunol. 2005;175:5471-80.

	 65.	 Beetz S, Marischen L, Kabelitz D, Wesch D. Human gamma delta T cells: 
candidates for the development of immunotherapeutic strategies. Im-
munol Res. 2007;37:97-111.

	 66.	 Dieli F, Vermijlen D, Fulfaro F, et al. Targeting human {gamma}delta} T 
cells with zoledronate and interleukin-2 for immunotherapy of hormone-
refractory prostate cancer. Cancer Res. 2007;67:7450-7.

	 67.	 Wilhelm M, Kunzmann V, Eckstein S, et al. Gammadelta T cells for im-
mune therapy of patients with lymphoid malignancies. Blood. 2003; 
102:200-6.

	 68.	 Godder K, Henslee-Downey P, Mehta J, et al. Long term disease-free 
survival in acute leukemia patients recovering with increased gammad-
elta T cells after partially mismatched related donor bone marrow trans-
plantation. Bone Marrow Transplant. 2007;39:751-7.

	 69.	 Caccamo N, Meraviglia S, Cicero G, et al. Aminobisphosphonates as 
new weapons for gammadelta T Cell-based immunotherapy of cancer. 
Curr Med Chem. 2008;15:1147-53.

	 70.	 Sato K, Kimura S, Segawa H, et al. Cytotoxic effects of gammadelta T 
cells expanded ex vivo by a third generation bisphosphonate for cancer 
immunotherapy. Int J Cancer. 2005;116:94-9.

	 71.	 Caccamo N, Meraviglia S, Scarpa F, et al. Aminobisphosphonate-acti-
vated gammadelta T cells in immunotherapy of cancer: doubts no more. 
Expert Opin Biol Ther. 2008;8:875-83.

	 72.	 Bonneville M, Scotet E. Human Vgamma9Vdelta2 T cells: promising new 
leads for immunotherapy of infections and tumors. Curr Opin Immunol. 
2006;18:539-46.

	 73.	 Cendron D, Ingoure S, Martino A, et al. A tuberculosis vaccine based 
on phosphoantigens and fusion proteins induces distinct gammadelta 
and alphabeta T cell responses in primates. Eur J Immunol. 2007; 
37:549-65.

	 74.	 Ali Z, Yan L, Plagman N, et al. Gammadelta T cell immune manipula-
tion during chronic phase of simian-human immunodeficiency virus 
infection [corrected] confers immunological benefits. J Immunol. 2009; 
183:5407-17.

	 75.	 Poccia F, Gioia C, Martini F, et al. Zoledronic acid and interleukin-2 
treatment improves immunocompetence in HIV-infected persons by ac-
tivating Vgamma9Vdelta2 T cells. AIDS. 2009;23:555-65.

	 76.	 Poccia F, Gougeon M, Agrati C, et al. Innate T-cell immunity in HIV infec-
tion: the role of Vgamma9Vdelta2 T lymphocytes. Curr Mol Med. 
2002;2:769-81.

	 77.	 Lopez R. Human gammadelta-T cells in adoptive immunotherapy of 
malignant and infectious diseases. Immunol Res. 2002;26:207-21.

	 78.	 Gougeon M, Malkovsky M, Casetti R, Agrati C, Poccia F. Innate T cell 
immunity to HIV-infection. Immunotherapy with phosphocarbohy-
drates, a novel strategy of immune intervention? Vaccine. 2002; 
20:1938-41.

	 79.	 Poccia F, Malkovsky M, Gougeon M, et al. Gammadelta T cell activation 
or anergy during infections: the role of nonpeptidic TCR ligands and 
HLA class I molecules. J Leukoc Biol. 1997;62:287-91.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11



AIDS Reviews. 2011;13

12

	 80.	 Nunnari G. Do Vgamma2Vdelta2 T cells influence HIV disease progres-
sion? Clin Infect Dis. 2008;46:1473-5.

	 81.	 Poles M, Barsoum S, Yu W, et al. Human immunodeficiency virus type 
1 induces persistent changes in mucosal and blood gammadelta T cells 
despite suppressive therapy. J Virol. 2003;77:10456-67.

	 82.	 Nilssen D, Muller F, Oktedalen O, et al. Intraepithelial gamma/delta T 
cells in duodenal mucosa are related to the immune state and survival 
time in AIDS. J Virol. 1996;70:3545-50.

	 83.	 Gan Y, Lui S, Malkovsky M. Differential susceptibility of naive and acti-
vated human gammadelta T cells to activation-induced cell death by 
T-cell receptor cross-linking. Mol Med. 2001;7:636-43.

	 84.	 Imlach S, Leen C, Bell J, Simmonds P. Phenotypic analysis of periph-
eral blood gammadelta T lymphocytes and their targeting by human 
immunodeficiency virus type 1 in vivo. Virology. 2003;305:415-27.

	 85.	 Lusso P, Garzino-Demo A, Crowley R, Malnati M. Infection of gamma/
delta T lymphocytes by human herpesvirus 6: transcriptional induc-
tion of CD4 and susceptibility to HIV infection. J Exp Med. 1995;181: 
1303-10.

	 86.	 Kosub D, Durudas A, Lehrman G, et al. Gamma/Delta T cell mRNA 
levels decrease at mucosal sites and increase at lymphoid sites follow-
ing an oral SIV infection of macaques. Curr HIV Res. 2008;6:520-30.

	 87.	 Favre D, Lederer S, Kanwar B, et al. Critical loss of the balance between 
Th17 and T regulatory cell populations in pathogenic SIV infection. PLoS 
Pathog. 2009;5:e1000295.

	 88.	 Brenchley J, Paiardini M, Knox K, et al. Differential Th17 CD4 T-cell 
depletion in pathogenic and nonpathogenic lentiviral infections. Blood. 
2008;112:2826-35.

	 89.	 Cecchinato V, Trindade C, Laurence A, et al. Altered balance between 
Th17 and Th1 cells at mucosal sites predicts AIDS progression in sim-
ian immunodeficiency virus-infected macaques. Mucosal Immunol. 
2008; 1:279-88.

	 90.	 Liu J, Pezeshki M, Raffatellu M. Th17 cytokines and host-pathogen in-
teractions at the mucosa: dichotomies of help and harm. Cytokine. 
2009;48:156-60.

	 91.	 Raffatellu M, Santos R, Verhoeven D, et al. Simian immunodeficiency 
virus-induced mucosal interleukin-17 deficiency promotes Salmonella 
dissemination from the gut. Nat Med. 2008;14:421-8.

	 92.	 Eberl M, Roberts G, Meuter S, et al. A rapid crosstalk of human gam-
madelta T cells and monocytes drives the acute inflammation in bacte-
rial infections. PLoS Pathog. 2009;5:e1000308.

	 93.	 Douek D, Roederer M, Koup R. Emerging concepts in the immunopatho-
genesis of AIDS. Annu Rev Med. 2009;60:471-84.

	 94.	 Goonetilleke N, Liu MK, Salazar-Gonzalez J, et al. The first T cell re-
sponse to transmitted/founder virus contributes to the control of acute 
viremia in HIV-1 infection. J Exp Med. 2009;206:1253-72.

	 95.	 Ferre A, Hunt P, Critchfield J, et al. Mucosal immune responses to HIV-
1 in elite controllers: a potential correlate of immune control. Blood. 
2009;113:3978-89.

	 96.	 Mehandru S, Poles M, Tenner-Racz K, et al. Primary HIV-1 infection 
is associated with preferential depletion of CD4+ T lymphocytes 
from effector sites in the gastrointestinal tract. J Exp Med. 2004; 
200:761-70.

	 97.	 Brenchley J, Douek D. HIV infection and the gastrointestinal immune 
system. Mucosal Immunol. 2008;1:23-30.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11


