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The scientist does not study nature because it is useful to do so. He studies it
because he takes pleasure in it, and he takes pleasure in it because it is beautiful.

Jules Henri Poincaré 1854-1912
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SUMMARY

The aim of these studies was to evaluate routes and devices for administration of HIV-1 DNA
vaccines. In particular we were interested in mucosal routes for the induction of immunity at
mucosal surfaces.

We studied the effects of a novel mucosal route, jet-injection, for induction of systemic and local
responses. This technique was found to be a rapid and easy way of adminisering plasmid DNA.
A combination of the genes encoding the HIV-1 regulatory proteins rev, nef, tat and the structural
genegpl60andp24was administered by intramuscular, intradermal and mucosal routes. B cell
responses measured ioyvitro B cell Ig production and serology showed high titers and high
frequencies of IgG and IgA induction. The jet-injection technique elicited predominantly IgG2a
and was able to induce local mucosal IgA and IgG antibodies. Intranasal administration of the
plasmids induced mucosal IgA, found in lung washings, faeces and vagina, as well as high titers
of humoral systemic responses. Continued immunization also induced cytotoxic T cells after
intramuscular injections.

Mucosal jet-injections and intramuscular injections of HIV-1 DNA constructs encodingthe

rev, and tatregulatory genes were evaluated in humans. Mucosal and systemic IgA and IgG
specific for the gene products were present during the vaccination but were not increased. This
was at variance with the non-infected animals. Oral mucosal transudate collected from the site
of immunization was analyzed for mucosal cytokines.\ieNd IL-2 were synthesized at the

local site. High concentrations of IL-2 were induced and persisted for several months.

Analysis of mucosal biopsies from the site of immunization revealed a massive infiltration of
mononucleated cells as well as granulocytes at various depths of the biopsy on the vaccinated
side compared to the control side. Inflammatory T-cell subsets on the immunized side consist of
both CD4 and CD8 T-cells. The majority of these T-cells expressed the memory phenotype
CD45 RO. Additional signs of activation were the increased expression of HLA-DR associated
invariant chain (CD74) and increased presence of dendritic cells (S-100) both in the epithelium
and in the underlying T-cell infiltrate. Thus, Th1 responses were preferentially induced with the
mucosal jet-injection technique in preclinical animal studies, as well as in the clinical trial with
HIV infected humans.

The possibility that disease progression would be accentuated by autoimmune induction was
evaluated in the light of several reports on gp160/HLA molecular mimicry and anti-leucocyte
immunity in HIV infected individuals. Could autoantibodies be induced by immunization? Sera
from individuals vaccinated with HIV-1 envelope antigen rgp160 revealed low levels of hum-
oral responses to synthetic peptides representing defined regions reported to exhibit molecular
mimicry to self-antigens. Although autoimmunity in HIV-1 infection may play a role in the
pathogenesis of HIV-1 progression to AIDS, rpg160 immunization did not contribute to elevated
levels of autoimmune antibodies.

Malignancies in the lymphoid system may alter the B cell responses to HIV-1. This hypothesis
was tested in patients with HIV-1 related lymphoma. The lymphoma patients with low levels of
CD4' cells had responses similar to asymptomatic patients. Symptomatic patients, on the other
hand, exhibited high levels of IgG subclasses to HIV-1 antigens. The patterns of IgG subclass
reactivities were also broader than those for either the asymptomatic or the lymphoma patients.
This indicates an extensive effect on the humoral immune response in progression of HIV
infection.
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| NTRODUCTION

The virus

Early reports of an increased incidence athildren living with HIV/AIDS, two thirds of

Pneumocystis Carinpneumonia and Kaposi'sthem in sub-Saharan Africa. Every day, 7000

sarcoma in previously healthy homosexual mgroung people get infected with HIV, five young

were concluded to be due to immunosugpersons every second (UNAIDS, 1998).
ression, with reasing CD4+ T-lymph

pression, with decreasing C ymp OCyte§ince HIV infection in Sweden was first

as a common finding (CDC, 1981a; CDC; . : :
1981b; Gottliebet al, 1981). The causativereported to the Swedish Institute for Infectious

' ified i i ' Control in 1985, a total of 5017 cases
agent was identified in 1983 (Barre-Smous{}?'Sease :
et al, 1983) and 1984 (Gallet al, 1983) and ave been reported to date (June 1999); 1985
the (,Jlisease was named acquired immunBersons have died and 279 have left the coun-

deficiency syndrome (AIDS) (CDC, 1982). Thd"Y (Pepartment of Epidemiology, SMI).

virus, named human immunodeficiency virug\orldwide, the predominant virus is HIV-1.
(HIV) in 1986 (Coffinet al, 1986), was Both HIV-1 and HIV-2 are transmitted by
identified as a primate lentivirus belonging t%exuaj contact through blood and they appear
the family of retroviruses. Isolation of ang cause clinically indistinguishable AIDS.
additional human retrovirus in West Africa inHowever’ HIV-2 is transmitted less eas“y’ and
1986 (HIV-2), immunologically distinct from the period between initial infection and iliness
HIV-1 but ClOSG'y related to Simian immuno-is |onger_ We Currenﬂy know of at least 10
deficiency virus (SIV), led to conclusions abougenetically distinct subtypes (A to J) of HIV-1
the African Origin of HIV-1 and HIV-2. The within the major group (group M) In addition,
most probable origin of HIV in man is by crosgroup O (Outliers) comprises a distinct array
species transmission from monkeys to humags very heterogeneous viruses. The subtypes
in Africa. are unevenly distributed throughout the world.
or instance, subtype B is mostly found in the
mericas, Japan, Australia, the Caribbean and
urope; subtypes A and D predominate in sub-

haran Africa; subtype C in South Africa and
dia; and subtype E in the Central African
SRepuinc, Thailand and other countries of
outheast Asia. Subtypes F (Brazil and Roma-
|[a), G and H (Russia and Central Africa), |
yprus), and group O (Cameroon) have a low
prevalence. Most subtypes occur in Africa,
although subtype B is less prevalent there
(UNAIDS, 1998).

i he fi ' ified in 1 . . .
Since the first cases were identified in 98?@ distribution of HIV-1 genetic subtypes in

The vast majority of HIV transmissions occur
through contact of mucus membranes duri
vaginal or anal sexual intercourse. Itis also w
established that needle exchange duri
intravenous drug abuse can transmit Hl
Vertical transmission from mother to child i
now a problem mostly in developing countried
where antiviral therapy does not exist. The u
of contaminated blood-products was a proble
before these could be tested for HIV contam
nation.

HIV infection h d d tati lg- i
iniection has spreac as a fevastating 9 weden has changed from the early dominant

'%revalence of subtype B to the present situa-
tion where all subtypes have been identified in
Sweden (Alaeust al, 1997).

bal pandemic; the World Health Organizatio
(WHO) estimates that by the year 2000 the
will be approximately 40 million adults and




As with all retroviruses, two copies of singledevelopment. However, only anti-Tat agents
stranded RNA carry the genomic informatiomave gone into clinical trials and the results
(Figures 1 and 2). Several essential enzymegre not encouraging, with the anti-tat treated
are unique for the virus: reverse transcriptag®o 24-7429, a Tat antagonist) patients
(RT), ribonuclease H (RNase H), protease (PRgsponding significantly worse than nucleoside
and integrase (IN), and are thus attractive fanalogue treated patients regarding CD4
therapeutic interventions. Antiviral drugs tareounts, p24 antigenemia and viral load
get the functions of these enzymes withoyHaubrichet al, 1995). Anti-Rev drugs are not
impairing the cellular functions and several R&vailable for clinical use. Several functions for
and PR inhibitors have been approved for us#ral replication and HIV-1 pathogenesis have
in HIV infection. Compared to the prototypicbeen described for the remaining four accessory
retrovirus, lentiviruses are far more complegenes of HIV: nef, vif, vpr and vpu. The
with, in the case of HIV, six additional genesencoded gene products are relatively small (80
Essential for replication, the Tat and Rew 210 amino acids) regulatory proteins with
regulatory genes are also of interest for drugften multiple functions and therapeutic agents
against them are not available.

Hiv-l PROVIRAL. &ENOHE

5'LTR TR
o)} aw ]
- Pol REV Em'l su  T™ .
&AL |[r=|RTRMaseH] ™ |VFR nrex | NEF
MAJ A frchs VIF lwu

Figure 1. HIV-1 genomic organization.ldentical flanking long terminal repeat (LTR) promotors with

the three major genes that are shared with all retroviral genomes: Group antigen (GAG) precursor
generates capsid (CA) p24, matrix (MA) p17, nucleocapsid (NC) p7, and the p6 protein with unknown
function. Polymerase (POL) of the GAG-POL precursor is processed to form protease (PR) p10,
reverse transcriptase (RT) p66/p51, ribonuclease H (RNase), and integrase (IN) p32. Envelope (ENV)
gp160 is cleaved to form gp120 (SU) surface and gp41 (TM) transmembrane envelope. Two exons
each code for the proteins Rev and Tat. Clustered on the 3" side we find the accessory genes nef, vif,
vpu, and vpr (adopted from (Miller and Sarver, 1997)).




RT lipid bilayer p7
proteinase pol p24 gag
integrase p17

7
host derived proteins gp41 gp120

Figure 2. Structure of HIV-1. The two single stranded RNA (+ss, 9.2kB) are situated in the core of the
virion associated with the nucleocapsid (NC) p7 proteins. The encoded viral enzymes reverse transcriptase
(RT) p66/p51, proteinase (PR), ribonuclease H (RNase), and integrase (IN) p32 are packed into the core
together with the genomic RNA and associated NC proteins. The core consists of the capsid (CA) p24
protein. The matrix (MA) p17 protein is associated with the lipid bilayer surrounding the nucleocapsid.
The envelope gp120 and transmembrane protein gp41 are non-covalently linked to the membrane. More
host-derived cellular proteins than envelope proteins are contained in the lipid bilayer of the viral
membrane (Table 2).

Infection of cells

The life cycle of HIV is initiated by the recep-The chemokines macrophage inflammatory
tor-binding of the virus to susceptible host cellgrotein 1a (MIP-i), MIP-18 and RANTES
This is accomplished by the high affinity binyvere shown to block macrophage-tropic (M-
ding of the viral envelope gp120 to the celltropic) viral infectivity in vitro (Cocchet al,
surface CD4 molecule. The CD4 antigen is ang95). M-tropic HIV-1 strains are responsible
essential and specific component of the recefor viral transmission and are the prevalent viral
tor (Dalgleishet al, 1984; Klatzmanret al, types isolated from asymptomatic individuals.
1984) and thereafter coreceptors of theuring disease progression, T-cell-tropic (T-
chemokine receptor family interact with theropic) viral strains emerge that are more able

gp120 molecule (Figure 3) (Alkhatiét al, to infect certain CD4+ cells (Figure 3).
1996; Fenget al, 1996; Wanget al, 1999).
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Figure 3.Model for coreceptor usage and HIV-1
tropism. M-tropic strains are specific for CCR5 and
infect primary macrophages and primary CD4+ T
cells. Dual-tropic strains use both CXCR4 and CCR5,
and can infect continuous CD4+ T cell lines,
macrophages, and primary T cells. T-tropic strains
emerge late in the infection and are specific for
CXCRA4. T-tropic strains infect continuous CD4+ T
cell lines and primary CD4+ T cells.

CXCR4 was shown to act as a coreceptdihe viral envelope gp120 is derived from a
required for cellular entry by T-tropic but notprecursor protein, gp160, which is glycosylated
M-tropic strains of HIV-1 (Fengt al, 1996). in the endoplasmatic reticulum and forms
After the subsequent discovery of a chemokir@dligomers, probably trimers (Wyatt and
receptor, CCRS5, specific for the chemokine§odroski, 1998). The protein is cleaved in the
MIP-1a, MIP-1b and RANTES (Samsetal, Golgi which produces the mature proteins
1996), several researchers demonstrated tigal120 and gp41 (Figures 2 and 4). The gp120
CCRS5 was an entry cofactor for M-tropicand gp41 are maintained in relatively stable
isolates of HIV-1 (Mooret al, 1997). CXCR4 trimers. During the gp120 interaction in viral
usage determines the biological phenotype fbinding, the CD4 — gp120 binding induces
all subtypes of HIV-1. Thus, it is suggested th&onformative changes in gp120, exposing the
the genetic subtypes may differ in virulencelinding site for the chemokine receptors
tissue tropism, and transmissibility (TscherningFigure 4) (Laphanet al, 1996).

et al, 1998).




Figure 4.Model for HIV-1

binding and entry using the VI HU S
CCRS5 coreceptor. Upon initial
binding of gp120 (SU) to the
CD4 receptor, gpl120 (SU)
undergoes a conformational
change that exposes the
coreceptor-binding determinants.
The interaction of gp120 (SU)
with the coreceptor triggers
gpl120 (SU)/gp4l (TM) (Env) to
undergo additional
conformational changes, leading
to extension of gp41 and
insertion of the fusion sequence
into the target cell membrane.

CELL  CCR5

The binding results in entry of the virus by a fusogenic portion of gp41, leading to fusion of the

two membranes. The virion is partly uncoated and the viral RNA is transcribed by reversed

transcriptase into double stranded DNA. This is an error-prone process leading to mutations,
deletions and recombinations. The newly synthesized DNA is transported to the nucleus and
incorporated by integrase into the host cell genome. This proviral DNA is dependent on host
transcriptional factors and will stay latently integrated in the genome for a variable length of

time or until the host cell is activated.




HIV INFECTION

Viral infections are often transmitted througt@mount of virus and CD4 cells are killed each
the mucosa. HIV-1 enters through intact oflay and outbreaks of transient viremia are
damaged mucosal epithelium and infects tfg@mmonly observed during this time. Although
underlying Langerhans cells and macrophagéd4 levels are maintained for a variable pe-
in the submucosa of the rectum or vaginaiod of time, continuous depletion of CD4 cells
However, recent studies indicate that CD4#s seen in most patients.

cells are also preferentially infected initially

(Stahl-Henniget al, 1999; Veazegt al, 1997). Progression of HIV infection

The Infected cells d|s_,sem|na_te to reg'onaAdvances have been made in elucidating the
lymph nodes where viral replication occurs

. genetic, immunologic, and virologic factors in
(Spiraet al, 1996). HIV-infected individuals who either progress
. . . rapidly or do not progress to acquired immuno-
Primary HIV infection deficiency syndrome (AIDS). In addition, na-
A general viremia follows, accompanied byural immune responses to HIV may be
lymphadenopathy, fever and flu-like symptomQI‘OteCtive in rare individuals, as evidenced by
in 50 to 70 percent of the cases. The infectidhe detection of HIV-specific immune
is widely disseminated during the primaryesponses in HIV-negative individuals who
infection, as seen by the dramatic loss of CD4%ave been exposed to the virus many times
T cells, leading to an initial immunodeficiency(Heeneyet al, 1999; Mazzoliet al, 1997;
The seeding of virus during primary infectionWilliams et al, 1999). The clinical progression
especially in the lymphoid organs, mayn HIV-1infection follows a number of diverse
influence the subsequent course of HI\¢ourses. Rapid progressors constitute 10% of
infection. Moreover, as CTL responses developllV infected individuals and develop AIDS
viremia falls dramatically (Koupt al, 1994). Wwithin 2 to 3 years of HIV infection.
Strong HIV-1 specific antibody responsedé\pproximately 5 to 10% of HIV-infected
develop during the first weeks after initialsubjects, nonprogressors, are clinically
infection (seroconversion) but antibody prese@symptomatic after 7 to 10 years. The
immediately after infection is not neutralizing'emaining subjects with HIV-infection, typical
(Mooreet al, 1994) (Figure 5). However, thisprogressors, develop AIDS within a median
immunity is apparently inadequate to suppreéiéne of approximately 10 years from initial
viral replication completely, since HIV infection. Approximately 10 to 20% of HIV-
expression persists in lymph nodes even witAfected individuals will be AIDS-free 20 years
undetectable viremia. after infection (Haynest al, 1996).

Latency Development of clinical disease

The term clinical latency is misleading. AfterThe progressive deterioration of the immune
primary infection, a mounting of HIV specific System that occurs in most patients with HIV
humoral and cell mediated immune respongefection inevitably leads to an AIDS-defining
is initiated successfully and virus is not readiljliness. Opportunistic infections or neoplasms,
detectable in plasma. However, this period &S Well as severe and persistent constitutional
characterized by a vigorous battle between ti%gns and symptoms, are inclusions for the dia-
virus and the immune responses. An enormo@80sis of AIDS (CDC, 1985; CDC 1992). HIV-
related oral manifestations are increasing pre-
valent during late progression to AIDS (Lucht
et al 1991).




contribute to progression and could be detected

PATHOGENESIS OF early in the infection (Shearer and Clerici,
1991; Wahr L, 1 :
HIV INFECTION P9t Wahreret al, 195
How can we explain the immunological steady
How does HIV-1 induce the acquiredstate during asymptomatic HIV infection and
immunodeficiency syndrome (AIDS)? Severalvhat triggers the events leading to the decline
theories have been put forward since HIV waa CD4+ T cells and AIDS? Some suggest the
discovered and the matter remains controversahormous turnover of CD4+ T cells exhausts
(Pantaleet al, 1993). Most individuals living the immune system. At some point the
with HIV-1 infection maintain relatively stable lymphopoietic system fails, leading to the onset

numbers of CD4+ T cells, strong cytotoxic Tof AIDS.

cell (CTL) responses and low numbers of HIV- . .
1 infected cells in the blood, all indicators thal "€ 1evel of HIV-1 RNA in plasma is a strong

the virus is under substantial immune Controp_redictor of disease progression. Still, itis large

However, at some point after the primar{/‘umbers of productively infected cells, not free

infection, the immune system fails, and mo2fi"Us in blood, that may be most harmful for
the immune system. The lymphoid tissue (LT)

infected individuals develop their first symp-, e :
toms of AIDS. is the main site of production and storage of

the virus (Pantaleet al, 1991). LT biopsies
For some time it was believed that HIV-lhave therefore been used to measure residual
weakens the immune system by eitheiirus load in patients with undetectable viremia.
increasing viral diversity (Nowadt al, 1991) Measurement of cell-associated HIV-1 RNAin
or causing immune dysregulation (Miedegta blood was recently reported to reflect the virus
al., 1990), whereas others have suggested thadd in LT better than HIV RNA in plasma
the immune response to the virus is actualrerly et al, 1999). Efficient control of the
harmful (Zinkernagel, 1995). Several studiesumber of HIV infected cells is of utmost
have also implied that differences in viralmportance to contain the infection. Combining
pathogenicity may contribute to theimmunotherapy with antiviral drugs may best
development of AIDS (Conncet al, 1993; inhibit HIV-1 replication. The ultimate goal of
Kootet al, 1993). The abnormal and defectivguch approaches would be to clear the virus
T cell reactivity to HIV-1 was considered tocompletely from the body.

% 2
CD4+ cT R5 7
CELLS X4
oo 10
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Figure 4. Immune responses and viremia during HIV infection.Neutralizing antibody titer (NT ab) (Moore

et al, 1994) and percent effector CTL in PBMC (Mes$sl, 1995; Pantaleet al,, 1994; Calarotat al, 1998).
CD4+ T cell count (x1®ml) and virus load as RNA copies/ml blood (kloal, 1995; Wekt al, 1995).
Predominating viral tropism shown as lines on top of graph: R5; CCR5 (M-tropic) and late emergence of X4;
CXCR4 (T-tropic) virus isolates.
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HoOST IMMUNE RESPONSES

Hypergammaglobulinemia

Immune dysfunction in AIDS involves B cellsincreased serum antibodies are probably a
as well as T cells, with both quantitative andirect consequence of HIV infection or the
gualitative changes in B cell activation. HIV-1antigens derived from the virus (Moresal,
infection leads to abnormal B cell activatior1998). Elevated serum IgA was correlated to
with in vivo polyclonal activation and B cell poor prognosis, possibly due to a profoundly
hyperreactivity, such as hypergammadisregulated intestinal B cell activation in HIV
globulinemia (Lanest al, 1983; Shiraet al, infected individuals (Erikssoet al, 1995;
1992; Yarchoaret al., 1986). Chronically Munozet al, 1988). Polyclonal activation is
infected individuals often exhibit elevatedrapidly responsive to decreases in viral
plasma IgG up to twice the normal levelsieplication caused by combination antiviral
although the major portion of these antibodigherapy (Morriset al, 1998). The decrease of
are not HIV-specificln vitro cultures of B cells antibody secreting cells (ASC) was seen soon
from HIV-1 infected also spontaneously secrefter HAART and the hypergamma-
antibodies to a higher degree but these regplobulinemia declined gradually. These
ond poorly to B cell mitogens (Laret al, observations are confirmed in measurements
1983; Yarchoaret al, 1986). of 1IgG concentrations (Bragt al, 1989) per-
formed in HIV infected patients attending the
Soder hospital clinic (Figure 5; Dr G6ran Bratt,
personal communication). There is a slow
decline in serum IgG after HAART.

20 ) HAART
19

18 | HIV infected individual

7 O—~0O—
16

15 A

IgG g/l

@ HIV+ patients (n=25)
14 -

13

12 Blood donors (n=100)
11 -

10

1 2 3 4 5 6 7
Years

Figure 5. Development of serum IgG levels in a representative patient starting
HAART . The level of IgG in blood donors (n=100) and HIV+ non-treated patients (n=25)
plotted as solid circles (courtesy of Dr Gdran Bratt, Venhalsan, Séder Hospital, Stockholm).




Specific humoral immune
responses

The immune system mounts an enormous effarewly emerging HIV variants may enhance
to control the replication and spread of HIV-1HIV replication in vitro, although the
The infection leads to a generalized immungignificancein vivo of enhancing antibodies is
activation with stimulation of different T cell controversial. A randomized trial of passive
subsets and high levels of polyclonal antibodynmunotherapy of HIV-infected patients
production (Faucét al, 1984) with specificities suggested that the administration of heat-
against a large range of epitopes of differemactivated plasma from HIV-infected individu-
HIV proteins. als every 2 weeks for 1 year could slow the

_ . progression to AIDS in the recipients (Vittecoq
Antibody response in the course of HIV-1o¢ 5| " 1995). Thus, antibodies appear to be

infection has been extensively studied iy olved in protective immunity against the
elucidate the role of the humoral arm in 3,,qression of HIV infection, although the
strategy to eliminate free virus. The HIV-Igqcificities of anti-HIV neutralizing antibo-
specific humoral responses to several HIV-giag that might be protective in patients remain
determinants evolve during the first year ofjnresolved. Despite the potential to exert po-
infection. The most dominant B celliont antiviral effects, antibodies are not able to
determinants are the Env (gp120 and gp41) agflphress virus replication completely in

Gag (p24 and pl7) proteins. Anti-env titel§ysacted hosts. The efficacy of the humoral
remain high throughout the infection, in con;,mune response in limiting the spread of vi-

trast to anti-gag antibody responses, whighys in vivo is compromised by at least two

decline during severe immunosupression aigeiors: the relative resistance of primary virus
are thus a surrogate marker for the progressiQiy|ates to neutralization, and the temporal
of HIV infection to AIDS (Sheppar@t al, pattern with which neutralizing antibodies are
1991). generated. During natural HIV infection, dis-
assembled envelope glycoproteins apparently
IgG subclasses elicit most of the antibodies directed to these

Antiviral 1gG subclass reactivity consistsV!ral components. Thus, antibodies do not
mainly of IgG1 and IgG3 (Linde, 1985; Sund!€cognize the functional envelope glycoprotein
quist et al, 1984). IgG is the dominant anticomplex (Figure 4). Specific antiviral antibo-
HIV-1 immunoglobulin isotype and its dies are detected early in the infection but most
restriction in subclass patterns has bedlj these antibodies lack the ability to inhibit
described (Brolidert al, 1989; Janssatal, Virus infection. HIV infection is already esta-
1992; Khalifeet al, 1988; Ljunggreret al, in;hed when neutralizing antibodies emerge
1988). In the case of reactivity to whole HIvAFigure 5) (Mooreet al, 1994; Wyatt and
1, there is an IgG1 and IgG3 restrictiorp©droski, 1998).

followed by a restriction to synthesis of IgG1

during late progression of the disease (Sund-

gvistet al, 1986).

Neutralizing antibodies

Neutralizing antibodies may be a component
of the initial control of HIV replication (Albert

et al, 1990; Mooreet al, 1994). However, as
HIV variants emerge over time, new variants
frequently are not neutralized by autologous
sera, and in some cases, antibodies against




Mucosal immune responses

Viral infections are often transmitted throughntraepithelial and submucosal lymphocytes are
the mucosa. Immunity to HIV-1 at the mucosgbresent in the oral mucosa and participate in
surface could prevent primary infection anthe immune response against foreign antigens.
dissemination to regional lymph nodes. As aMucosal T cells capable of both cytolytic
easily accessible surface for administration @ictivity and cytokine production may actively
vaccines, the oral mucosa has several expgparticipate in the early defense against HIV-1
mental advantages over other mucosal sitésfection (Lohmaret al, 1995). Local mucosal
Sampling and monitoring the site ofCTL may be critical for the success of a vaccine
Immunization are easily accomplished withougainst viruses, as recent work demonstrated
invasive techniques. in a murine rectal challenge model (Belyakov

N . et al, 1998). The cytolytic T cell response
The immune system is divided into two ) yioly P

: . s contributes to the control of HIV viral
functionally independent compartments: th?eplication. It suppresses the viremia both

systemic immune system, comprising the onﬁJring early infection and for a variable period
marrow, spleen and lymphoid system, and trlfuring which the patient remains healthy even
mucosql immuneé syst_em, represented ta*{oughthe viremia is maintained at a high level
lymphoid tissues within the mucosa an y continuous rounds of viral replication and

secrgtory glands. Differences in effeCtoFeinfection of blood cells (Het al., 1995; Wei
functions separate these two compartmen al, 1995). Plasma viremia is thought to

Mucosal humoral immunity is mediated by

bodi domi v of the A i reflect the viral burden in tonsillar tissues.
antibodies pre _ommanty of the 1gA Isotyp owever, measurement of cell-associated HIV-
that are selectively transported to extern

: X o 4'RNA in blood was recently reported to reflect
secretions. The overwhelming majority of the, o i oad in LT better than HIV RNA in

mucosa (Ograt al, 1999). provirus-containing cells in tonsils is around

Nonspecific innate defense mechanisms af@-fold higher than in blood (Rosa al,
specific local antibodies protect the vulnerabl&997). HIV infection elicits a Th1 cytokine
mucosal surface. Local antibodies, particulari§gxpression in lymphoid tissue; this response is
Secretory immunog|obu|in A (S|gA)’ are théeduced after the initiation of hlgh'y active HIV
primary effectors classically responsible for thEherapy (HAART) and proviral reservoirs
elimination of mucosal pathogens. sigA antibd€main in lymphatic tissue (Anderssenal,
dies are significantly associated with protectioh998). Impaired expression of perforin has been
against mucosal pathogens (Kraehenbuhl agbdggested to contribute to the inability of CTL
Neutra, 1992; Michetgt al, 1992; Ruggert {0 eliminate HIV infected cells locally in the
al., 1998). The exact mechanisms by whiclymphatic tissue (Andersscet al, 1999). It
S|gA antibodies protect against invadind\/OUld therefore be of interest to further
pathogens are not well understood. Severgimulate the specific immune reactivity to HIV
suggestions have been put forward: preventi@d boost the Th1 anti-HIV responses.
contact of the pathogens with epithelial

surfaces, formation of immune complexes,

clearance by peristalsis, transcytosis of immune

complexes, antigen capture during transport

through epithelial cells, and intracellular

neutralization with or without neutralizing

antibodies (Brandtzaegf al, 1999; Childers

et al, 1989; Mazaneet al, 1992; Mestecky,

1988).
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AUTOIMMUNITY

Immunological deprivation is considered to béMoebius et al., 1992). Reports on the
an explanation for the development oproduction of anti-gp120 antibodies in mice
monoclonal B cell ymphomatous proliferatiorand macaques never exposed to HIV suggested
in HIV infection analogous to the situationcross-reactivity between HIV and HLA, further
following bone marrow transplantation. Bothsupporting the concept that autoimmunity could
cell-mediated and humoral immune responsesrticipate in HIV disease progression (Fossey,
become severely impaired as the disead®91; Hoffmannet al.,, 1991; Kion and
progresses. This is due to loss of the regulatoroffmann, 1991; Morrovet al, 1991; Ziegler
function of CD4+ T lymphocytes and defectiveand Stites, 1986).

or increased production of immunoregulatory

or proinflammatory cytokines (Cleri@t al, Links to autoimmune disease

1993). Immune activation becomes o ical of i
inappropriate and detrimental effects will prefutoantibodies typical of non-organ-specific

dominate as a consequence of the impair@ioimmune disease have beenlreportgd in
regulation of both T and B cell functions. ~ HIV-1 infected patients (Argoet al, 1991;
Muller et al.,, 1992), also suggesting an

Clinical and pathological evidence ofautoimmune componentinthe pathogenesis of
autoimmunity has been associated with HIVAIV. In addition, sera from primary Sjégren’s
disease progression (Morr@wal, 1991). The syndrome patients (SS), characterized by
high affinity binding of gp120 to the cell sur-lymphoid infiltration of salivary and lacrimal
face CD4 molecule initiates the replicatiorglands and the presence of serum anti-Ro (SS-
cycle of the virus. Since the HLA class Il is thé\) and anti-La (SS-B) autoantibodies, were
natural ligand for the CD4 molecule in antigefound to react with HIV p24 in 30% of the
presentation, Ziegler and Stites havpatients (Dea®t al, 1998; Frazianet al.,
hypothesized that autoimmune reactions coul®96; Talalet al, 1990). Thus, retroviruses
result from crossreactivity between the CD4were considered in the etiology of autoimmune
binding receptor site on the viral gpl2@iseases (Flescher and Talal, 1991; Usjext,
envelope and HLA class Il molecules (Zieglet994). The production of autoantibodies in SS
and Stites, 1986). This hypothesis has be@atients is now suggested to be induced by
extended to an idiotypic network modeklevated levels of cytokine producing cells
described by Hoffmann and colleagues whicleading to B cell activation (Halst al, 1999).
postulates that HIV and allogeneic stimuli acThe evolution of autoimmune mechanisms
synergistically to cause AIDS, suggesting aduring HIV infection cannot exclude possible
opposite approach to vaccine development, th@togression to immunoproliferative
iS, to induce tolerance to HIV rather than tenalignancy. The evolution of autoimmunity in
stimulate the immune response (Hoffmatin HIV infection is also related to clonal restriction
al., 1991). of antibody response, as repeatedly shown in
: : autoimmune diseases potentially evolving to
_Habeshaw and Dalgliesh hyp_othegzed arrr]alignanc:ies (Silvestrist al, 1995). It was
induction of a graft-versus-host-like disease b cently proposed that lymphocyte reactive

HIV gp120 acting as an alloantigen Strucmralbéutoantibodies represent an immunoregulatory

resembling HLA class | and class Il W'thc totoxic mechanism that is activated after

subsequent chronic autoreactivity (Habesha fonic | : - -

onic immune stimulation and is engaged by
et 6."" .1.992)' These models are based Phv to deplete host lymphocytes (Dalgleish,
similarities between HIV and HLA class II1995, Wancet al, 1998b)
molecules and on the finding that the binding ™~ B '
sites for gp120 and HLA class Il overlap in the

first immunoglobulin-like domain of CD4
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Table 1. HLA sequences with similarities to sequences in HIV-1 gpl160

Peptide  Origin Location Sequence Reference

pl19 HLAclIIDR 142-156 VVSTGLI QNGDWTF Q Young, 1988

ml 43 HIV-1 gp120 261-275 VVSTQLLLNGSLAEE

p13 HIV-1 gp41 152-166 VAEQLRAYLDGTCVE Habeshavetal, 1992
pl4a HLAclIIDR 67-81 LLEQRRAAVDTYCRH

pl15 HIV-1 gp120 498-512 P TKAKRRVVQREKRA

pl8 HLAclIIDR 102-116 YPSKTQPLQHHNLL V Lewisetal, 1990

ml 225  HIV-1 gp41l 532-546 AASVTLTVQARLLLS

pl6 HLAclIIDR  19-33 NGTERVRFLERHFHN Lewisetal, 1990
pl7 HLAclIIDR  45-59 GEYRAVEELGRPDAE

ml 274 HIV-1 gp4l 777-791 | AARI VELLGRRGWE

pl2 HLAclIIDR  17-31 FFNGTERVRLLERRV Goldingetal, 1988
ml 283  HIV-1 gp41 835-849 VAEGTDRVI EVLQRA Koshinoetal, 1995

— HIV-1 gp120 261-275 VVSTQLLLNGSLAEE Zaitseveetal, 1992

— FAS antigen 275-280 VQLI RN Susalet al, 1993
— HLA DR Il beta VVSTGLI HNG Young, 1988
— HLA DR alpha 28-40 EEHVI | QAEFYLN Zaitseveet al., 1992

— HIV-1 gp120 270-282 EEVVI RSANFTDN

Molecular mimicry

Many viral proteins share epitopes or regionsl., 1988) (Table 1). Affinity-purified 1gG
homologous to host-cell proteins, as evidenceghtibodies from seropositive patients exhibited
by the identification of sequence homologiegnmunosuppressive activity of lymphocyte
and cross-reactive antibodies to such regiopsgoliferation caused by antigen presentation
(Table 1) (Fujinami and Oldstone, 1985{Goldinget al, 1989).

Oldstone, 1987; Oldstone, 1998). Molecular

mimicry was linked to autoimmune disease$oung reported a sequence similarity between
in the early 1980s with the development o4 conserved region of HIV envelope gp120
technologies to make monoclonal antibodiegamino acids 261-270) and the HLA DR R-
The first report demonstrated crossreactivityhain (amino acids 142-151) (Young, 1988).
between measels virus and herpes simplex Rugliese et al more recently reported that a
rus with a human protein (Fujinaret al, synthetic peptide corresponding to a region on
1983). Since then, several researchers haM@/-1 gp120 stimulated PPD-specific and
reported amino acid sequence homologiesitoreactive T cell proliferation (Pugliestal,
between HIV derived proteins and host-cell992). Interestingly, earlier work concerning
molecules (Bjork, 1991; Koshiret al, 1995; this region revealed the benefit of the
Lewisetal, 1990; Reiherlletal, 1986; Susal immunological response as antibodies directed
et al, 1993; Vegaet al, 1990; Yamadat al, to this region of gp120 block virus infectivity
1991). Golding and coworkers describedithout affecting the virus binding to the CD4
homology and crossreactive antibodiegeceptor (Heet al, 1988) and a peptide deri-
between HIV envelope gp41 (amino acids 837%ed from the HLA DR sequence (amino acids
844) and a highly conserved region on the HLA54-268) inhibits HIV-induced syncytia forma-
DR R1-chain (amino acids 19-25) (Goldielg tion (Lewiset al, 1990).
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Table 2. Suggested functions of cellular constituents in HIV infection

Virion-associated

host molecule or Effect on life cycle of HIV-1 Referenses
induced antibody

CD11a/CD18 Synergy in virus neutralization between plasma Gomez ig%:”dreth’
(LFA-1) and anti-LFA-1 antibody

CD54 (ICAM-1)

CD55 and CD59

HLA-DR

MHC class |

MHC class ||

Anti-cell antibodies

Increased ability to bind to and infect CD4+ cells,
enhancement of virus infectivity, diminished
sensitivity to antibody-mediated neutralization,
greater susceptibility to virus infection for cells
bearing activated LFA-1

Protect virions from complement-mediated
destruction

Neutralization of virus infection with anti-HLA-
DR antibody, increased ability to bind and infect
CD4+ cells, enhancement of virus infectivity,
immunization with HLA-DR conferred protection
against SIV

Immunization with MHC class | conferred
protection to SIV infection

Rendered virions able to present superantigen,
enhancement of virus infectivity

Protection against SIV infection

Cadtilletti et al., 1995;
Fortin et al., 1997; Fortin
et a., 1998; Rizzuto and

Sodroski, 1997

Saifuddin et ., 1995

Arthur et al., 1992;
Arthur et al., 1995;
Cantin et al., 1997b;
Cadtilletti et al., 1995

Chan et al., 1995

Cantin et d., 19977;
Rossio et al., 1995

Stott, 1991

Abbreviations: HIV-1, human immunodeficiency virus type 1; ICAM-1, intercellular adhesion molecule-1; LFA-1,
lymphocyte function-associated antigen 1; MHC, major histocompatibility complex; SIV, simian immunodeficiency
virus. Adopted from Tremblay et a., 1998.

Host derived proteins

HIV-1 virions acquire and display more hosvirus (SIV) infection in macaques was also
cellular proteins than envelope proteins (Arthutemonstrated by vaccination with MHC class
etal, 1992; Saarloost al, 1997). Arole of host | (Chanet al, 1995) and class Il (Arthuat
proteins (Figure 1; Table 2) in the pathogenesa., 1995). This is similar to the surprising
of HIV-infection was suggested as virusarly finding, reported by Stott, where anti-
infectivity was enhanced by the incorporatiomell antibodies in macaques conferred
of host derived proteins into the lipid bilayer oprotection against SIV infection. Equivalent
budding viruses (Cantiet al, 1997a; Cantiet protection was achieved in animals
al., 1997b). Immunity to HIV could also beimmunized with the inactivated SIV grown
conferred by host derived determinants in th@ human cells or the control animals
virus, as evidenced by virus neutralization ammunized with the human cell line (Stott,
antisera against HLA-DR (Arthwat al, 1992). 1991). These findings raise the possibility of
Protection against simian immunodeficiencgeveloping effective vaccines by allo-
immunization (Shearest al, 1999).
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Cellular immune responses

Most HIV-infected patients make substantiaCTL responses are against multiple, less do-
early anti-HIV CTL responses that areminant epitopes in a hypothetical mathematical
responsible for reducing the early viremia anchodel (Nowaket al, 1995). For vaccine de-

a small proportion of these clones survive asgn, the model suggests that the major response
memory cells. Clones that do not rapidlyhould be directed against conserved epitopes
expand may contribute to the memory cell po@ven if they are subdominant.

from which the subsequent CTL responses are _ o .

made (Ahmed and Gray, 1996). Some of tHa generalized activation of the_lmmune Sys-
highly expanded CTL clones may be eliminatetf™ _ precedes the progression to AID.S’
entirely, to be replaced by clones that do ngganlfesteol_ by elevate_d serum_concentratlons
respond to the same degree. The strength @f"€0Pterin, soluble interleukin-2 receptor,
the CTL response decreases and stabilizi:e%IUble CD8, and beta sub 2-microglobulin, and

during the course of infection and is maintainefy/t" activation of a large proportion of CD8+
at a level that relates to the virus load. ThECells (Levy, 1993; Pantale@b al, 1994). The

critical factor in the relationship between cTLENrONIC stimulation of the immune system is

levels and virus load may be the rate of cT[naintained by circulating virions and infected
clonal expansion (Nowak and Bangham, 199 ells and viral particles trapped in the lymph
HIV is capable of escaping, or even turning off'0d€s and spleen.

cytotoxic T cell responses by mutating T celyrther evidence for the cytopathic effect of
epitopes. Virus escape and development of ngMe virus and the involvement of CTLs in the
CTL responses specific for subdominangontrol of HIV infection was established with
epitopes could contribute to the heterogeneoe yse of tetrameric complexes. A significant
CTL response seen in many HIV-infecteghyerse correlation was observed between HIV-
patients. Escape of virus by mutations coulghecific CTL frequency and plasma RNA viral
originate from failure of the mutated peptidgoad. In contrast, no significant association was
to bind to the presenting HLA molecule or altejetected between the clearance rate of
red interactions with T cell receptors (TCRhroductively infected cells and the frequency
(McMichael and Phillips, 1997). of HIV-specific CTLs (Oget al, 1998).

During the latent phase of HIV infection, CD8+
T cells are thought to be important in the eli-
mination of productively infected cells and for
control of the viral load (Walker and Plata,
1990). CTLs may also be involved in the
immunopathogenesis of HIV infection. Anti-
gen-presenting cells (APC) may be targets by
direct killing of the virus-expressing cells.
Tissue damage after the release from CTLs of
certain cytokines, such as tumor necrosis factor
alpha/beta and interferon gamma during the
process of cytolysis, may indirectly promote
elimination of lymphocytes (Levy, 1993;
Zinkernagel, 1995). Patients whose immune
systems recognize fewer immunodominant
HIV epitopes have a more stable and effective
immune response to HIV than those whose
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| NTERVENTION Antiviral chemotherapy

The efforts to develop preventive humarihe use of potent antiviral drugs has
immunodeficiency virus type-1 (HIV-1) revolutionized the treatment of HIV infection
vaccines, as well as to determine the feasibilignd led to a better understanding of the viral
of treating HIV infection by boosting immun-dynamics of the infection (Figure 6). Upon ini-
ity, require a better understanding of th&ation of highly active antiretroviral therapy
correlates of protective immunity to HIV(HAART), viral replication is reduced to a mi-
infection. nimum, as reflected by measurements of
_ . plasma viremia. The reduction of viral plasma
Boosting specific iInmune responses maga is bi-phasic, with a 99 percent reduction
increase the decay of the latent reservoif, yhe first two weeks owing to the elimination

thereby improving the chance of inducing HIVi free virus or productively infected cells and

1 remission. An added concer is the recegtg|q,y decline in the second phase when eli-
observation that specific immunity t0 HIV-1,,ination of long-lived infected cells occurs.

both cellular and humoral, declines aftefqqe gata are the basis for a mathematical
effective drug therapy (Morrt al, 1998, 099 mqgel of HIV viral elimination. To eliminate
et al, 1999; Spiegett al, 1999; Wuet al, g yirys from the body, an estimated 2-3 years
1999). Thus, exploring ways to increase g natent antiviral therapy would be needed
decay of the latent reservoir by boostingperelsoret al, 1997; Perelsost al, 1996).
specific immunity using candidate HIV-11he reseryoir of latently infected cells in
vaccines seems partlc_ularly worthwhile (Hol'ymphoid tissues (LT) is, however, not readily
1998). However, special care needs t0 be t&gminated (Churet al, 1997; Finzet al, 1997;
ken not to induce additional autoimmunity, 2§vonget al, 1997). The effects of HAART are
discussed previously in this thesis. profound even in these tissues, with a >99.9
percent clearance of virus from LT 6 months
after potent therapy and a reversal of the
pathological changes in the LT architecture
(Cavertet al,, 1997; Haase, 1999; Zhaetal,

1999).
40 "] Deaths per 100 person-years Use of protease inhibitors (%) [~ 100
30 — — 75
20 - — 50
10 — — 25
0
| | | 0
1994 1995 1996 1997

Figure 6. The use of combination antiretroviral therapyincluding a protease inhibitor significantly reduced
the death rates in HIV infected patients with CD4 counts below 100 d@opted from Palellat al, 1998).
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However, the reduction of antigenic materigbrognosis and the effectiveness of therapy are
available to the immune system also reducesonitored with plasma viral load during
the HIV specific T cell repertoire (Ogg al, HAART treatment. The viral load is a better
1999; Spiegeekt al, 1999; Wuet al, 1999). predictor of progression to AIDS and death than
HIV specific B cell responses, as well as B cethe number of CD4+ T cells (Melloet al,
hyperreactivity as seen by hypergammat996).

globulinemia, also decline after HAART (Mor-

riset al, 1998) (Figure 5). Immune-based therapy

Is the clinical benefit of HAART solely due toAlteration of the immune response during HIV-
reduction of virus replication? The reductiorl infection is possible through a number of
of HIV specific antiviral T and B cell immmun- ways. Passive immunotherapy with HIV-1
ity during HAART could also reduce neutralizing mouse monoclonal antibodies can
autoimmune reactivities in analogy to thetimulate T cell proliferative responses,
hypothesis of an autoreactive component tbecrease the level of p24 antigen in serum and
HIV pathogenesis (paper V), (Harret al, improve CD4 counts (Hinkulet al, 1994). The
1993; Zinkernagel, 1995). Thus, althougladdition of immunostimulatory drugs like
immune-based interventions aiming at restanterleukin 2 (IL-2) has been tested in clinical
ring the HIV specific immunity are especiallytrials but the toxicity of the drugs and the
attractive during HAART, the approach shouldhduction of increased plasma viral load have
be cautious. Monitoring of autoimmunebeen a major drawback in these studies (Kovacs
reactivities during immune-based therapy ist al, 1995). However, when the dose was
important so that additional autoimmunity isoptimized, adverse events decreased and IL-2
not induced (Paper V). induced sustained increases in the amount of
. CD4+ cells with no increase in viremia. Still,
The process of mature CD4+ cell repopulat|0{|)]e induction of new CD4+ lymphocytes needs

s impaired durlng_ H.IV progression, _Iargelyo be further characterized with analysis of the
because the chronic immune stimulation lea D4+ cell function during IL-2 therapy

to Qef(_ects in antiiq]fan-s_pecifiﬁ C.D.4.+ .T Ce}[kKovacset al, 1996). Adoptive transfer by in-
activation and proliferation. The initiation of¢ i o autologous HIV-specific CTL

highly active antiretroviral therapy (HAART) expanded in vitro to HIV+ patients resulted in

in advanced disease partly reverses the proce significant changes in CD4 and CD8
of HIV-induced CD4+ T cell depletion.AutranI mphocyte counts and virus load (Tehal

EaAsA;r_;own tha_t -{h cell rr(laconstlt%';]lon aftel 999). This contrasts with the success of CTL
OCCUS In three phases, with an ear&'nerapy in treating or preventing Epstein-Barr
[

“Sﬁ N .CDA.'+ men:joryl ceIIs_, a _reduc_:_tlonC|[r;4+ rus and cytomegalovirus disease after bone
cell activation, and a late rise In naive marrow transplantation (BMT) and could be
lymphocytes with decline of CD8+ cells.

However, CD8+ counts still remain highertharglléi;; rapid apoptosis of transferred CTL

normal and CD4+ counts remain below nor-

mal. Better reversibility should be achieve .

with therapeutic interventions initiated earlie(r{/aCCIneS

in the disease and with optimal combinatioithe early history of the use of vaccines in dif-

regimens (Autramt al, 1997). A rationale for ferent forms did not begin with Edward Jenner.

early initiation of aggressive therapy has bedndian monks drank snake venom as early as
presented. It is now recommended that HAARThe 7" century to become immune to its effects.

Is initiated in all patients with a virus loadChinese medical texts from 1695 describe
exceeding 5-10000 copies/ml regardless @foculations against smallpox in China. These
CD4+ counts or in patients with CD4+ count€hinese texts describe both intranasal and oral
below 500x101 (Carpenteret al, 1997). The routes for inoculation. However, the first
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scientific work in the use of variolation wasBoyeret al, 1997; Coxet al, 1993; Donnelly
that of Edward Jenner (Jenner, 1798). Extensieeal, 1996; Kuhobeet al, 1996; Ulmeet al,
efforts since Jenners discoveries have led to th893; Xianget al, 1994), bacterial (Huygest
effective control of these ten major infectiousl., 1996; Lukeet al, 1997; Tascoat al, 1996)
diseases: smallpox, diphtheria, tetanus, yelloand parasitic (Sedegahal., 1994) diseases in
fever, pertussigiaemophilus influenzaggpe many different species. Moreover, DNA
b disease, poliomyelitis, measles, mumps amabculation was considered for treatment of
rubella. Smallpox is now completely eradicatedeveral conditions and diseases, including
and WHO has targeted poliomyelitis forautoimmune disease (Ugehal, 1994). The
eradication by the year 2000. The developmeativantages of using DNA vaccines over both
of effective preventive vaccines also seems subunit vaccines and live attenuated virus
be the best hope of stopping the catastrophiaccines include expression of the relevant an-
HIV epidemic. tigen in vivo without the use of adjuvants or

. . . live agents and the simplicity and low cost of
The hypothesis that an inadequate immune g, e10ning and producing the vaccine. This

sponse generated by natural infection Iead§ fsults in the production of an effective immun-

viral persistence supports the rationale of US'%en without the safety considerations

a therapeutic vaccine in HIV-1 |nfect|on_. ssociated with live attenuated vaccines. More-

Several immunization strategies have met WI. er, sufficient quantities of plasmid DNA can

;atherl d!sapp(ﬁ;ntlng results ulsmg slgbhunxge produced by simple bacterial fermentation
ormulations. However, recently published,,y o rification techniques, thereby avoiding

results with subunit HIV-1 rgpl60 ,5hy of the complications and expense

|mmun|za_t|on, showed an effect_|ve IndUCtIor?slssociated with the production of purified
of T cell immune responses without Severg, .ombinant proteins

adverse effects. The vaccine group had fewer
deaths after two years but not at the end of tis¢udies on the fate of plasmid DNA after
trial (Sandstrom and Wahren, 1999)applicationin vivo and the origin of the
Combining optimal antiretroviral therapy withimmunogens have focused on systemic admi-
immune-based therapy is how recommendetistration, especially the intramuscular (i.m.)
for further studies. route (Donnellyet al, 1997). Myocytes appear
to be the predominant cell type transfected
during i.m. injection of plasmid DNA and the
resulting transcription and translation of the
gene occur in the muscle cells. These myocytes
DNA vaccines act as an enduring source of plasmid encoded
rotein, but it appears that the cells may not be

Plasmid DNA genetic vaccination usin . . .
he primary inducers of immune responses.

expression vectors, leading to induction of Bemoval of the injected sites after inoculation

IMMUNE response, IS a rapidly growing f'eld.otfwas little effect on the level or nature of immun-
research. Protein is expressed mvwofollowmgy Indeed. it seems that dendritic cells

introduction of cDNA expression Casseuel’gransfected at the injection site and migrating

(Dubenskyet al, 1984; Wolffet al, 1990), o

resulting in the development of specificS’Ubsequ(:"nJ.[Iy t_o draining Iymph nodes (DU\.I)
: are the principal source of immunogenic
immune responses to the expressed proteln

_ . materials (Akbaret al, 1999; Casarest al,
;ﬁ*aiggg‘,"’U}r?]z?étz‘”%g)’ 19925 Tigheet 1 997. Condoret al, 1996; Klinmanet al.

1998; Porgadoet al, 1998). The encoded pro-
Genetic vaccination has now beefeinis presented to the immune system by an-
demonstrated to induce protective immuntgen-presenting cells (APCs) in the context of
responses against viral (Bouratal, 1996; MHC class | and class II.

17.



Thus, DNA immunization mimics live shows that this form of plasmid administration
attenuated vaccines by producing the encodeskults in good immune induction as well as
protein endogenously and allowing for the prammune modulation (Chuet al, 1998; Kuk-

per processing and folding of the gene produlih et al, 1997; Kuklinet al, 1998; Wanget
into a native structure. However, thal., 1997). Following mucosal inoculation, pro-
mechanism of antigen presentation duringgin expression was observed in the lung and
DNA vaccination is not fully understood. TheDLN, but it is not clear how the plasmid dis-
induction of MHC class I-restricted CTL raiseseminates to such sites or how mucosal plasmid
the guestion how the antigen is presentddNA delivery results in the systemic immune
during i.m. injection of plasmid DNA. The induction and the immunomodulatory effects
ability of secreted proteins to be endocytoseabserved. It is suggested that migrating APC,
and to enter the pathway of antigen processipgimed mucosally, subsequently reach DLN
that ultimately leads to presentation via MH@nd there present the immunogenic materials
class Il molecules is well known. Thewith local and systemic immune induction as
transfection of myocytes normally notwell as immunomodulatory effects (Akbat
expressing MHC class | should not elicit MHGal., 1999; Casarest al, 1997; Coheret al,
class |-restricted CTL responses. Cooperatiu®98; Condoret al, 1996; Klinmanet al.,
mechanisms of antigen processing may be ©998; Porgadoet al, 1998).

particular importance in immune response . .

induced by DNA immunization. There ar NA vaccine trials in humans have recently

several explanations for the phenomena en initiated against HIV-1 and malaria. These
which MHC class I-restricted CTL might b reliminary studies have focused on safety and

induced after DNA vaccination (adopted fronimmunogenicity and specifically studied the
Donnellyet al, 1997):

Suggested pathways for antigen presentation after DNA immunization

1. Antigen presentation mediated directly by transfected myocytes.

2. Professional APCs becoming transfected and serving as APCs. This is the situa-
tion in mucosal, subcutaneous and epidermal application of plasmid DNA.

3. Cross priming. Transfer of antigen from transfected myocytes to professional
APCs. The ability of antigens produced by non-APCs to prime CTL in the context of
MHC molecules present only on professional APCs. In this hypothesis, muscle cells
act primarily as factories for the production of antigen, which is then transferred to a
bone marrow—derived professional APC to be processed and presented to CTL
precursors for the induction of CTL.

In contrast to the i.m. route for DNA vaccinainduction of vaccine specific cellular immune
tion, mucosal, subcutaneous and particiesponses (Calarogaal, 1998; Calarotat al,
mediated gene gun immunizations directl§999; MacGregoet al, 1998; Wanget al,
transfect professional APCs that can present thg98a). In paper VI we extended these studies
antigen in both class | and Il pathways. Recetd evaluate mucosal vaccination in HIV-1
work on mucosal delivery of plasmid DNAinfected individuals.
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Immunostimulatory DNA motifs. Adjuvant effects and autoimmunity

Bacterial DNA differs from vertebrate DNAin The CpG motifs in bacterial DNA induce a
the frequency and methylation of CpGrariety of immune effects, including
dinucleotides. In the DNA plasmid, presencpolyclonal activation of murine and human
of CpG motifs that contain a dinucleotide in 8 cells and IL-6 secretion. It was also
particular base context have immunoproposed that CpG motifs would contribute
stimulatory activity (Klinmanet al., 1997; to the development of systemic lupus
Pisetsky, 1996; Satet al., 1996). The erythematosus (SLE) (Krieg, 1995).
stimulatory effect was mapped to the CpGlowever, more recent work shows that
motif flanked by two 5' purines and two 3bacterial CpG DNA does not trigger lupus
pyrimidines. This sequence was shown tm normal or lupus-predisposed animals.
induce polyclonal B cell activation (KlinmanMoreover, CpGs could even decrease the
et al, 1996; Krieget al, 1995). Induction of T disease severity (Gilkesat al, 1996; Mor
helper-1 (Thl) responses has also beet al, 1997). Thus, it was concluded that
proposed for certain short bacteriaDNA plasmid immunization neither triggers
immunostimulatory DNA sequences (Romaautoimmunity nor accelerates the
et al, 1997; Tigheet al, 1998). development of systemic autoimmunity
(Mor et al, 1997).

Plasmid ™

Figure 7. Plasmid DNA is transcribed in the nucleus and mRNA translated in the
endoplasmatic reticulum (ER). Intracellular proteases cleave the protein and the antigen is
associated with, and presented by, MHC class | on the surface of the cell. The events mimic the
situation with an intracellular parasitic infection and induce a Th1l type of response.
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Safety of DNA vaccines

The long-term safety concerns about plasmid
DNA have become more significant as the uses
for plasmid DNA have expanded from diseases
such as HIV infection and cancer, to ordinary
vaccination of the normal adult or pediatric
population. DNA vaccines pose novel
theoretical safety concerns apart for the nor-
mal pharmaceutical testing for toxicity
associated with expression of the encoded pro-
tein or the plasmid itself. The key areas of
concern include the potential integration of the
plasmid DNA into the genome of host cells;
the potential induction of immune tolerance or
of autoimmunity; and the potential induction
of anti-DNA antibodies.

Integration of injected plasmid DNA into the
host cell genome may be silent. Potential
mutagenic effects could arise if the integrations
disrupt a functional cellular gene, or
carcinogenic if they affect a regulatory gene
for cell division, or activate an oncogene. Direct
studies of integration in mice injected i.m. with
plasmid DNA have not detected integration of
the injected plasmid thus far. The calculated
rate of mutation would be 3 orders of magnitude
less (Nicholset al., 1995), or 3000 times less
(Martinet al, 1999), than the spontaneous mu-
tation rate for mammalian genomes. This level
of integration, should it occur, is not conside-
red to pose a significant safety concern.

Induction of immune tolerance or of
autoimmunity has not generally been seen
during DNA vaccination and it is not yet known
whether DNA vaccines will induce anti-DNA
antibodies in humans. An exception is the
transient induction of anti-DNA antibodies by
RT-DNA. These antibodies come and go, and
their existence were ascribed to the nucleotide-
binding properties of the RT-gene. However,
preclinical animal studies suggest that
induction of anti-DNA antibodies is unlikely
(Donnellyet al, 1997).
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AIMS OF THE STUDY

The aim of the study was to analyze immune and
autoimmune responses in HIV-1 infection and during pro-
tein and genetic immunization and specifically to:

1. Analyse the efficacy of different mucosal
routes for genetic immunization in mice
and humans for induction of local

mucosal immune responses

2.  Study the IgG subclass dysfunction in
HIV infection and HIV related

lymphoma
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M ATERIALS

Papers I-Il1 Papers IV-VI

Sample collections Study subjects and immunizations,

Four- to twelve-week-old mice (C57BL/6 xPaper 1V

DBA/2) F1 (H2b/d) (Hinkuleet al, 1997), in  Forty HIV-1 infected asymptomatic individu-
groups of 8 to 14, were used. Serum wags were included in the study. All had a CD4
collected from blood at 7-10 days postcell count above 400 (x#) and none had
immunization by retro-orbital puncture.previously received antiviral treatment.
Intestinal secretions were collected from micgwenty-one individuals were tissue-typed as
immediately after sacrifice by flushing a 10 cnHILAA2 (Vartdalet al, 1987). HIV-1 IIB/LAV
piece of the small intestine with 2 ml of PBSjerived recombinant gp160 (VaxSyn,
containing 1 mg/ml trypsin-chymotrypsinmicroGeneSys, Meriden, CT), expressed in a
inhibitor (Sigma). Vaginal samples wereaculovirus system and adsorbed to aluminum
collected by washing the vaginal cavity wittphosphate as adjuvant, was given in six 160

50ul of phosphate-buffered saline (PBS) (Asang doses administered i.m. at 0, 1, 4, 8, 17 and
kuraet al, 1997). Fecal pellets were weighedg weeks.

and dissolved in PBS at a concentration of 10%

yv/v. Lu_ng Was_hing_s were collected byStudy subjects paper V

introducing plastic tubing into the trachea and _ _
Washing the |ung tissues W|th 1m| Of PB§erum Samp|eS from 12 HIV-1 |nfeCted patlentS
containing 1 mg ml-1 trypsin-chymotrypsindiagnosed with lymphoma, 15 CDC group A
inhibitor (Lowellet al, 1997). All the samples (2symptomatic) patients and 11 patients in CDC
were immediately centrifuged at 450 x g fogroups B and C (symptomatic) were collected

20 min. and stored frozen at -70 prior to examina-
tion. Nine lymphomas were highly malignant,
Plasmid DNA two were widespread subcutaneous lymphomas

_ and one was of Hodgkin’s mixed type. One was
The vector backbones consisted of pUC8-deffpcated intracerebrally, one rectally, two in
ved plasmids controlled by the majokeritoneal lymph nodes and the remaining were

immediate-early human cytomegalo virugeneralized or located in peripheral lymph
(CMV) promoter (Bosharet al.,, 1985). nodes.

Plasmid DNAs containing HIV; 1, tat (544

nt, GenBank accession numbers K03455 a@tudy subjects paper VI

m19921)rev (356 nt, (Mermeet al, 1990)),

p3799 (p24), HIV-1,  gp160, and HIV-1 . Eight HIV-1 infected individuals previously
nef (1244 nt including long terminal repeagnrolled in a DNA vaccine trial with single
(LTR)’ GenBank accession numbers m14lddasm|d Immunizations were |nCIUded In the
and x03188) were used. The plasmids wefdudy (Calarotaet al, 1998). DNA
purified in Qiagen Giga_P'asmid Coiumnémmurﬂzaﬂon WaS|n|t|ated W|th Intl’amUSCU|aI‘
(Qiagen, Chatsworth, CA) and the stability ofi-M.) vaccination followed by intraoral (i.o.)
the DNA was evaluated by electrophoresis ift-injection. The third immunization was i.m.
0.7% TBE-agarose gel prior to immunizationin four individuals and i.o. in four.

The constructs were not designed to secrete

antigens into the extracellular space.
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Oral samples The technique of administering anaesthetic

One to three ml of resting saliva was collectegplutions by high-pressure jet-injection is a
on ice and immediately frozen and stored &tandard procedure in pediatric dentistry. Our
—70°C as described in paper VI. The OraStre jet injector (SyriJet markll, Mizzy Inc., NJ) was
collector exerts osmotic pressure at the mucoskgsigned for the application of dental

surface and thus collects oral mucosﬁnaesthetic solutions in routine dental
transudate (OMT). treatment. The plasmid solution ({h was

injected intraorally in a lateral direction, aiming
The Omni-SAL device collects resting salivgt the buccal mucosa. The injection was

as described in paper VI (Hodinggal, 1998). confirmed by the observation of a distinct
The volume of the eluate E)/W&S measured exterior Swe"ing of the bucca.

and the content of oral fluid ¢y, for the

OraSure and Y, for the OmniSAL) was For gene gun DNA immunization, plasmids
determined. were precipitated on gold beads with 2.5 M

CaCl, and 100ug/ml spermidine and coated

into plastic tubes as previously described
M ETHODS (Eisenbrauret al, 1993; Fuller and Haynes,
1994; Fynaret al, 1993). The particles were
applied with the helium pulsed Accell device
(Geniva Inc. Middletown, WI) to the area
5-10pg of each DNA plasmid dissolved in 50including the animal’s oral cavity (paper II) or
ul PBS or distilled water was applied by diffethe epidermis of the abdominal skin (papers |
rent routes of delivery. and IlI).

Immunization

For intranasal application of DNA, non-Intramuscular injections were given to both
anaesthetized animals were held by hand agdadriceps muscles by injecting a total of 20
the DNA solution (2Qul) was applied at the ug per construct of DNA with a 28-gauge
opening of the nostrils. The administered solwreedle. Oral intramuscular injections were
tion was inhaled spontaneously. placed in the tongue of the mice (paper II).

Figure 8.The SyriJet Markll Jet-injector. The device is capable of delivering pharmaceuticals, i.e. local
anaesthetics, in a volume of 0.05 to 0.2 ml. We evaluated the device for the delivery of mucosal plasmid DNA
vaccination. The jet-injection technique elicited mucosal and systemic immune responses in preclinical (papers |
and Il) and human trials (paper VI).
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Intradermal
Gene gun injection *

Subcutaneous

* injection
- * Dendiie call
Jet-injection * endritic cells

Figure 9 Theoretical model of the different routes of plasmid DNA application in the skin
and mucosa.Depending on the device used for injection, the plasmid will penetrate into the
tissues and transfect cells at different depths.

Purification of IgA calculated for each sample by dividing the

Mucosal and serum IgA and IgG antibodie§ean radioactivity (c. p. m.) of each antigen in
were purified and analyzed for specific bindindfiplicate by the mean medium c. p. m.

to recombinant antigens and peptides 'Bucosal cytokines in OMT were quantified in

enzyme linked im_rr_lunoa_ssay (ELIS.A)' The Ig'%amples from both sides of the oral cavity, using
fraction was purified with Jaqualine (Vector, . o aial kits for Interferon-gamma (IFN-

Laboratories, Inc. Burlingame, CA, USA) an -

e amma), Interleukin-2 (IL-2), IL-4 and IL-10
guantified by ELISA (Johansen and Svensso uanti)kinéM R&D sysgems) Oxon, UK)
1997). It was used for a total IgA guantificatio ' ’ ’ '
as well as determination of specific IgAOral biopsies

reactivity.
Oral mucosal biopsies were collected 48 hours
Lymphocyte proliferation assays after final oral jet-injection of plasmid DNA.
and cytokines The mucosa was anaesthetized by infiltration
of 1.8 ml Xylocain/adrenalin (Lidocain 20 mg/
Blood was collected at each visit and fresky| formulated with adrenaline 12 5g/ml,
PBMC were used for the proliferation assaygstra, Sodertalje, Sweden) and 5mm punch

as described (Leanderssairal, 1998; Wahren pjgpsies with a depth of 3-5 mm were taken at
et al., 1994) The St|mU|at|0n |ndeX (SI) Wa&he location of the jet_injection_
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RESULTS AND DISCUSSION

Mucosal induction of immune responses by plasmid DNA

Mucosal infections of the vagina and rectum
are two of the major pathways through which
HIV currently disseminates. The architecture
of the mucosal immune system includes the
tonsils, adenoids and nasopharyngeal-
associated lymphoreticular tissue (NALT)
found in the oral cavity. NALT serves to prov-
ide inductive sites for the upper respiratory tract
and the naso-oral cavity. The gastro-intestinal
tract (Gl; Peyer’s patches and the appendix)
and local, solitary lymph nodes build the gut-
associated lymphoreticular tissue (GALT).
Both NALT and GALT are inductive regions
where foreign antigens derived from viruses,
bacteria and yeast are encountered. In the
salivary and other exocrine glands, the cells are
stimulated to produce immunoglobulins of the
IgA isotype (Ogreet al, 1999).

Regional draining lymph nodes (DLN)

Regional immunity

The rationale for measuring local mucosal
responses during mucosal vaccinations is
motivated by the concept of the common adenoid
mucosal immune system. Infection at one site 5
could lead to protection at that site and othetr
mucosal sites (Rudzit al, 1975). There are
several characteristic features of the mucosa
immune system. The most important one is the
formation and secretion of secretory IgA
(slgA). Dimeric IgA from local plasma cells in
the exocrine glands, binds to the polymeric Ig
receptor (plgR) on the basolateral surface oi
the epithelial cell in the mucous membrane. The
dimeric IgA/plgR complex is endocytosed and
the plIgR cleaved off with a remaining portion
left in the complex, now named the secretory
component (sc). The dimeric IgA and sc form
SlgA that is secreted into the lumen. This SlgA Nasopharyngea|_associated

is the first line of defense against invading lymphoreticular tissue (NALT)
microorganisms. Viral resistance was shown to

be mediated by sIgA on the surface of the

mucous membranes (Renegar, 1992; Renegafrigure 10. Regi_onal draining lymph node; (DLN)
and Small, 1991). Additionally, neutralization " the oral cavity (top) and NALT tonsil tissue

. . . . [(bottom). Systemic immune responses during
of viruses can be achieved during the transit Ofmucosal immunization with jet-injection could arise

slgA through the cells (Mazanet al, 1995; by transfection of Langerhans cells in the mucosa and
Mazanecet al, 1992). migration to NALT or DLN.

tubal
tonsil

palatine
tonsil

e

lingual
tonsil
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Route of vaccine application in preclinical studies

We have attempted to evaluate the effects bf many respectsin vivo introduction of
various devices and routes for application gflasmids and the apparent production of the
plasmid DNA vaccines to induce local mucosalorresponding antigens, here demonstrated by
immune responses. By combining plasmidihe induction of specific immune responses,
containing the HIV-1 genes rev, nef, tat, p2desemble the situation in natural infection. A
and gp160 in a vaccine to elicit HIV-1 mucosagparticularly frequent IgG immune response
and systemic responses we found that thnath high titers was evident in the animals
mixture of plasmids induced specific immunémmunized intranasally, with almost all animals
responses to a higher degree than previotesponding to the gene products of the plasmid
studies utilizing single plasmid immunizationspreparations. Although the i.m. route elicited
The method of combining different plasmidgoor primary humoral responses (paper lll),
was established in paper I, and applied for teese evolved during boost immunizations
further studies on plasmid immunizations. (paper Il). During the course of immunizations,

. o . . . . . theintranasal route gave strong and persistent
Mucosal immunization of mice by]et"njeCt'on.EG reactivities after a single dose for the tat

was efficient in inducing mucosal and systemi nd .
L ; p24 DNA compared to gp160, where high
IgA antibodies and preferably systemic IgGZq vels developed after three immunizations. A

suggesting a Th1 type of immune response. Adypqiantial portion of the serum IgG may be

ministration of the vaccines by the intranasq]erived from spleen cells during intranasal
route efficiently induced high titres of systemic:rmmunization as a high frequency of these

_IgdG. _Gem;: r(;:]u_lr_lhlzrr_lmunlzalltlgg ged'ate%ice developeth vitro B cell responses. Thus,
Induction of the Isotype, IgG1. ReSpons&ay 4 nasal immunization not only triggers
after gene gun immunizations seldom induc ucosal humoral responses but perhaps even

systemic IgA and mucosal antibodies (Table tronger systemic antibody responses. Systemic
Papers I-11l). Although previous reports gersy yresp - Y

. o A was induced by jet-injection, intranasal ad-
suggested that intranasal application was |er$ﬁ

29 . : . nistration and intramuscular injection. Oral
efficacious for induction of systemic respo.nsegc,ene gun immunizations did not elicit systemic
than other routes (Fynaat al, 1993; Kuklin laA
etal, 1997), our results indicate that intranasa? '
instillation of plasmid DNA efficiently induces In vitro antigen stimulation of spleen cells
systemic and mucosal immune responses rnievealed additional reactive mice among the
mice. This discrepancy is unexplained buton-responders (Papers I-1ll). Tat, gp160 and
could reflect different techniques of adminisp24 induced the major reactivity in the 1IgG B
tration of the immunogen. It remains to beell stimulation assay. Rev and p24 elicited
determined where the uptake of DNA occurseasurable IgA secretion during B cell stimu-
and to what extent intranasal application dellation. Intranasal immunization exhibited the
vers the DNA into the lower airways. Wherhighest total B cell response frequency,
the DNA solution enters the nostrils of mice, ifollowed by i.m. and local oral jet-injection
irritates the mucous membrane in the nasmhmunization.
cavity and provokes the animal to sneeze. T
proportion of the DNA that enters the lungs o :
the animal has yet to be determined. OJfSPonse following ~mucosal DNA

preliminary experiments with India ink sugges!tmmum.zat'c.m by d|ffere_nt route_s has
||mpI|cat|ons in further vaccine experiments.

that the major site of administration is loca :
nasal-oral, not in the lower airways. When théhe p_resent _Wor_k mt_rodu_ces_ a nqvel way of
localization was examined, no ink could b NA.|r_nmun|zat|on,_|.e. Jet-injection, kil
detected in the lung tissue (paper II). promising results for induction _ofmucqsal IgA
antibodies and Thl type of immunity. The
immunization procedure has several practical
advantages over traditional vaccine delivery.

e demonstration of variations in the immune

26.



Jet-injection in human mucosa

The results from the preclinical research led wse several jet delivery devices on the market
to move the jet-injector into clinical tests indesigned for various routes and injection
HIV-1 infected individuals (Table 3). In theseprocedures.

trials we found indications of a Thl type of L .
response following intraoral plasmid DNA vacUrther evaluation is in progress of the possible
cination with a combination of HIV-1 genes!mmu_nol_oglca! effects that the hlgh-_pressure
encoding the Nef, Rev and Tat gene product§t-in/ection might have on the recruitment of
Analysis of OMT revealed high levels of thémmuno_loglca_llly competent cells. _The s_,pre_ad
cytokine IL-2 in the mucosa and immuno-Of DNA_mto dlffer_ent tissues after injection is
histochemical analysis indicated a DTH liké!!SC Of interest (Figure 9 and 10). These results
picture. By jet-injection we also induceddemons_trate that, in add_ltlon_ to _the site, the
systemic T cell proliferative responses to thgloculatlpn method has |mpI|cafuons for the
plasmid products comparable to that of i.MT?UC‘?Sa' Immune response foI_Iowmg DNAvac-
vaccination. However, specific mucosafination. The |_nJected material spread_ln the
antibody production was not triggered to thlssues according to the law of least resistance.

same degree. No serious adverse effects Wérpéw_umans (Paper VI), the orifice of the Syrijet

observed after jet-injection or i.m. injection!S @imed towards the mandibular bone. Thus,

One of eight patients exhibited a cIinicaII))’ve can expect a Iateral_ spread Qf the injected
visible local reaction on one occasion and twgaterial along the mandibular periosteum. Ton-

patients had mild anamnestic symptoms th \J and “?9_'0”?" Iymph nodes_, are 6.“50 not far
were not verified clinically. However, jet-T0M the injection site and an induction of HIV

injection was a fast and safe technique PECIfic Thlimmunity in the lymphoid tissues
preclinical and clinical tests. It can easily b&0Uld target the persisting pool of HIV infected

applied in large-scale vaccination trials. Ther‘ée”S within the lymphoid tissues during
HAART (Anderssoret al, 1998).

Table 3. Overview of HIV specific responses in DNA immunization

Major responses in non-infected individuals, preclinical studies?

Preclinical Mucosal Systemic T helper Cell mediated
Naive mice IgA and IgG  IgA and IgG  isotypes responses
/ Mucosa, jet-injection +++ ++ Thl ++
Mucosa, intranasal ++ +++ Th1/Th2 +++
Intramuscular + +++ Th1/Th2 ++
/ Intradermal, gene-gun +- ++ Th2 +
TFrom papers|, |1, I11

Major responses in infected individuals "
Mucosa and Mucosal

Clinicd tria : Local Cell mediated
HIV+ human Systemic response IL-2 responses
IgA and 1gG cytokines
\ Mucosa, jet-injection +/- DTH ++++ +++
\ Thl
I ntramuscular +- NA + o+
From paper VI NA; not applicable
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Jet-injection of healthy and infected individucorrelated with serum antibody responses, sug-
als induces immune responses preferentially gésting the contribution of locally synthesized
a Thl type. The antigen specificity of the reantibodies of these isotypes. This finding is
sponse in humans will have to be furthesupported by the concept of a common mucosal
verified by studies of local reactivity in healthymmune system (Ograt al., 1999) and
and non-immunized HIV infected individuals.previously shown with bacterial protein anti-
The HIV-1 specific systemic T cell responsegen immunization (Russedt al, 1996).
observed following mucosal jet-injection could

be due to efficient drainage to regional Iympl&;pecific antibodies and IgG2a/

nodes in the area of injection. Most notablyyG1 ratios

submandibular and cervical lymph nodes bup

also tonsils are in close proximity to thdRepeated preclinical observations indicate that
injection site (Figure 10). both gene gun-based immunization and

intranasal application induce primary systemic
The apparent recruitment of dendritic cells taymoral immune responses significantly bet-
the injection site would be a possible pathwagr than intramuscular (i.m.) injection. 1gG
for successful systemic immune responses. pclass analysis of IgG2a/lgG1 ratios
future experiments, which are ongoing, Wghdicates a predominance for Th2 type of
wish to further evaluate the jet-injectionyesponses for these routes (Figure 11), although
technique at mucosal sites of humans. Thess prominent after intranasal application
feasibility, with the Syrijet, of getting direct\yhich also could induce Thil subclass ratios.
access to several mucosal tissues and the spregfl injection preferentially induced a Th1 type
of the injected material in the tissues may hgf response in the subclass analysis. These
advantages over other delivery systems.  results were comparable in anti-p24 and anti-

Nef specific subclass analysis. However, with
Local mucosal immunoglobulins  a different antigen and by repeated DNA
in non-infected animals immunizations (paper Il), i.m. injections

. . - induced a Th2-like subclass profile to the gp160
The induction of HIV-1 specific mucosal IgAantigen (Figure 11). During repeated
in secretions was measured from several Sit?ﬁimunizations im injections induced

lungs, intestines ano_l vaginal Washlngs_m m'ﬁﬁcreasing titers of antibodies in more animals,
(papers Il and Ill). Primary responses with antis iy indicating a switch from a Thi to a

p24 fecal and lung IgA antibodies, wWerer, jominated immune response. Intranasal

efficiently induced by both intranasal and gen&pplication on the other hand, developed to a
gun application but not by i.m. inoculation. Few, J .o Thl’like response dljring repeated
mice responded with vaginal HIV-specifichAi munizations. Finally, the gene gun route
secretions after one inoculation, irrespectiveca nsistently induced a’Th2 type of response
the route of DNA-delivery (paper II). Oraljetﬁoth after prime and boost immunizations.

injection of D.NA induced the highest_muco_s hese discrepancies could result from the use
IgA content in both lung lavage and intestin f different plasmids and antigens, but could

washings as well as good systemic I9A. Thugq, e caused by a maturation of the immune

the intraoral jet-injection might affect the typ&ogqnges during repeated DNA immunizations
of immune response mounted. Gene gU('Ijﬁigure 11)

immunizations with a poor systemic IgA re-

sponse elicited p24 specific mucosal IgA iGiven that neither of our DNA vaccine
intestinal samples. The p24 plasmid mountambnstructs were designed to secrete the antigens
a strong IgA response in the lung lavagmto the extracellular space, our observations
compared to the response in intestine. The sagwcerning the immunoglobulin subclass profi-
was true for the gp160 plasmid. IgA and IgGes are compatible with previous findings
antibodies in mucosal washes were ndPertmeret al, 1996). The Thl dominated re-
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sponse after jet-injection, compared to gene get al, 1997; Fuller and Haynes, 1994; Pertmer
inoculation, is to some extent in concordancet al, 1996). In addition, IgG1 secretion was
with previous findings (Feltquaet al, 1997). predominant when the DNA vaccine was
They showed that saline-DNA injectiondelivered by intranasal application (Asakata
predominantly raised a Thl type of responsd., 1997). Our results during mucosal vacci-
with mostly IgG2a anti-haemagglutin antibodynation (paper Il) have shown that intranasal
while gene gun DNA immunization elicited ammunization predominantly elicited IgG2a
predominantly Th2 type of response, witlantibodies as well, and that intramuscular
mostly 1gG1 antibodies. Our gene gun-basddngue injections gave systemic IgG1. Thus,
immunization gave a Th2 type of responsee conclude that the site of application and the
compared to other parenteral routes of DNAumber of immunizations seem to influence the
delivery and this has been demonstrated intgipe of IgG subclass elicited after DNA
least five different antigen systems (Feltquaienmunization.

Ratio 1gG2a/lgG1 OD 490nm

Antigen Route 0 05 10 15 20
gp160 Jet injection T
paper Il

Intranasal H

Intramuscular

Gene gun
p24 Intranasal
paper Il
Intramuscular -
Gene gun
Nef Intranasal i
paper Il
Intramuscular .

Gene gun -

Figure 11. Systemic IgG2a/IlgG1 subclass ratio® indicated antigens after
plasmid DNA immunization by different routes. In paper I, gp160 subclass ratio
was analyzed after three immunizations. In paper Ill, p24 and Nef specific 1gG
subclasses were measured after one immunization. A value above 1 indicates a
Thl response and a value below 1 indicates a Th2 response.
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Oral cavity responses in infected The B cell marker CD20 and the plasma cell
individuals related antigen Syndecan 1 were expressed at

_ N _ low levels and comparably between the right
Although transient specific salivary IgA andand |eft side biopsies. Thus, immuno-
lgG antibodies reactive with the plasmichjstochemistry analysis points towards a strong
products were present throughout the study, th@ccine induced, DTH-like inflammation
responses were not correlated to immunizatioggminated by both CD4+ and CD8+ T cells
in humans (paper V). Local mucosal responsegd granulocytes. Most of the T cells expressed
induced by mucosal jet-injection in the orajhe memory phenotype CD45 RO. HLA-DR
cavity were further assessed by collecting orgkpression and increased amounts of dendritic

mucosal transudate (OMT) at the site of thge|is were also more frequent in the immunized
jet-injection. HIV infected controls as well asjssye.

uninfected individuals exhibited significantly

lower amounts of cytokines in mucosaeljular immune responses in
transudate compared to immunized perso . . .

(p<0.0001). BINA immunization

Local producti £ ovioki ting Repeated DNA immunizations have been
ocal production of cytokines was not induce uggested to influence the efficacy in inducing

by saline jgt-injection alone. In contrast, higl&TL responses (Fuller and Haynes, 1994
concentrations of IL-2 were found in OMTPertmeret al., 1996). It seems that the '

following i.m. prime and i.0. boost DNA VaCintramuscular route of DNA delivery is an

cmatlor;. I?traorfa}ILjezt-_ln{Ectlon 'n't'altfd a h:jghimportant determinant for the induction of CTL
concentration otIi.-2 In thé mucosal transudalf, . tomiet al, 1996). Intramuscular injection

that persisted_ for four mont_hs (Fi_gure 12). Th early induced the highest proportion of CTL
levels were higher on the right side compar sponders with our plasmid expressing the

to the control left side (p<0.0001). Low initial Nef protein. The magnitude of the CTL
IL-2 production on the left side could b esponses in paper lll reflected the Th1 profile

detected but did not persist to the end of ﬂ}8und by the subclass serology. However, as

study. IFN-gamma, IL-4 and IL-10 were pre,, findings indicate, further studies need to
sent at low concentrations, not correlated

. o q q I OM'ItBe conducted to elucidate the nature of the Th1/
|mmu:mzat|ons or not detected at all in Th2 responses during mucosal DNA
samples. immunization and how these maturate during

) . primary immune responses and boosting
Cell accumulation at the local site jnmunizations. Induction of CTL by plasmid

Analysis of these biopsies taken two days poBfNA in humans was reported elsewhere
vaccination from the local site of immunizatio{Calaroteet al, 1998; Calarotat al, 1999).

and th_e cqntralateral Sid? was perform_ed ;?3 vitro stimulation of fresh PBMC with HIV
formaline fixed tissue sections. The vaccinat ef, Tat and Rev proteins was performed

side exhibited significantly higher frequencie§Iuring immunizations in humans (paper VI).

of T cells, APCs af‘d HLA DR Expressing Ce”%II patients had received immunizations with
than the non-vaccinated side. However, the si ~f Tat or Rev alone and thus exhibited

could, _theoretlcaclilg_,_ ei(.h'b't _betf[er roliferative responses prior to the initiation of
res_p(zir_wsweg%ss tg? |t(|jona |anun|-zat|c_)n_ e immunizations with combined plasmids. All
as indicated by a delayed type yper-reactlv%%/atiems were negative before the first

munization with single plasmids (Calarota

control side (left) at various depths of the biopsyh
but most prominently just beneath the basa
membrane.

e level and timing of the mean peak of
oliferative responses varied and the values
were positive on >80% of the occasions.
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T helper cell responses

Extracellular forms of pathogens, like overlap either. Since the identification of Th1/
bacterial infections, are often associated withTh2 clones, several additional cytokines have
humoral responses in which specificimmuno-been defined. Thl cells produce I¥Nind
globulins are generated in an attempt toT NF[3, while Th2 cells produce IL-4, IL-5, IL-
neutralize the foreign organism. Intracellular 6, IL-10 and IL-13. The ThO subset has also
microorganisms, on the other hand, such a®een defined with a mixed production of Thl
viruses and some types of bacteria andind Th2 cytokines (Firesteet al, 1989).
protozoans, elicit mostly cell-mediated
cytolytic activity and the production of
cytokines such as IFN-gamma and TNF.

The cytokines promoting Th1l differentiation

are IFNy and IL-12. IL-4 is the dominant

cytokine affecting priming for Th2 cells,

Most pathogens are usually preferentiallyalthough IL-10 also has been reported to

susceptible to one type of immune responsepromote the development of Th2 cells (Seder

Thus, the response elicited during an infectiorand Paul, 1994).

will determine whether the host will be .

infected or resist the infectious agent as weIID'\IA vaccines sup_port both Thi a_nd Th2

as subsequent infections with the same CoPONSes, depending on the route (i.m. gene
un, intradermal or mucosal) as well as on the

pathogen. Ineffective response to the invadin .
pathogen can lead to the spread of thg?ector protein (secreted or not). As opposed to

infection, resulting in pathology and classic vaccination, i.e. protein, the feasibility

sometimes death. The challenge for newto modulate the immune response is a great

vaccines is to sensitize the hosts to responggxa;r:zgfo'r?ezl\lfg\ggc'ne technology (Robin-
with the correct type of immunity. ' '

CD4+ T helper lymphocytes can be divided

into two distinct effector cell subsets, based

on functional capabilities and cytokine profi- CDd
les. The introduced antigen influences the ini- esll
tial responses following infection by a

pathogen. The mode of entry and tissue dist-

ribution will establish how the immunogen

will encounter the relevant antigen-specific

o N
T cells. ( Thi l Th2
T cell clones in mice with distinct functional

abilities (Kim et al, 1985) and capacity to -z -4, IL-5
release unique profiles of cytokines associated ) i 10
either with inflammatory responses or with B igEZa IgG 1
cell help were identified in 1986 (Mosmann 41 amd The ool

; population of
et al., 1986, Stout and Bottomly, 1989) Thl G+ T-hmphocyies an e
CDA4+ T cell clones were shown to secrete IL- baesks Of Cylokine production

Ard 15 sy pe ind uctian

2, IFNy, and TN and mediate delayed-type
hypersensitivity (DTH) responses (Cher andFigure 12.Th1 and Th2 help The secretion of
Mosmann’ 1987). Th2 Clo_nes secreted thGSpecific cytokines and the induction of IgG2a in mice
cytokines IL-4 and IL-5 and induced I9G1 and characterize the Thi type of immune responses. Th2
IgE production from B cells (Coffmagt al,  also has a specific pattern of cytokines and induces
1988; Killaret al, 1987). Cell-mediated and secretion of IgG1 in mice. It has been suggested that
humoral responses tend not to overlap duringhe Thl type of help confers HIV specific immunity

infection and the two types of clones did rlotand that the shift to Th2 is a way for the virus to
escape the immune response.
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The fate of the plasmid

The plasmids were detected in mucosal
biopsies two days post final i.0. jet-injection
by PCR after digestion and DNA extraction.
These studies were carried out in HIV infected
humans (VI). Four individuals were PCR
positive on the vaccine side. One individual was
positive for the Rev plasmid also on the control
side. The site of injection was primed with
plasmid immunization four months earlier.
Still, the probability of residual plasmid DNA
in the tissue from the previous injection is
unlikely (Paper VI).
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| MMUNE DYSFUNCTION CONTRIBUTING TO
AUTOIMMUNITY AND LYMPHOPROLIFERATIVE
MALIGNANCIES

HIV specific IgG subclasses in
Lymphoproliferative disorders HIV-related lymphoma

Inimmunodeficiency, be it congenital, acquiredgG1 is the dominant subclass in anti-HIV
or iatrogenic, malignancies and autoimmungntibody responses and is elicited in response
disorders develop at a higher rate than expectgdprotein antigens together with IgG3. In ge-
in the immunocompetent host (Jonssb@al, neral, IgG3 was significantly decreased in
1999; Penn, 1994, Schaller, 1975). individuals with low CD4 counts and

Lymphoma associated with HIV-1 infection islymphoma patients often had lower 19G3

most often a relatively late manifestation 0?ompared tothe symptomatic patients. Antibo-
. y e dies reactive to the V3 region have been

disease (Beradt al, 1991; Feichtingeet al, correlated to neutralization of HIV-1 infectivit

1992; Levine, 1992; Ziegler and McGrath y

1990). The lymphomas often carry the EB\’7‘1nd probably interfer with coreceptor binding

genome and consist of high-grade, B Ceg:igure 4) (Brolideret al, 1992; Cocchet al,

; o 996; Javaheriamt al.,, 1990). For the
tumors, with a predilection for extranoda . .
: . mphoma patients, subclass reactivity to the
involvement and short survival. In contrast t

classical, or EBV negative, lymphomatous 3 peptide was restricted to subclasses IgG1

: . : and IgG3. Compared with symptomatic
malignancies, HIV-1 associated Iymphomasatients, the lymphoma patients exhibited

often have an aggressive clinical course and’a

. _significantly lower titers of IgG3 (P=0.005
rapidly fatal outcome (Knowlest al, 1988; Whi i e
Levine, 1994). Mann-Whitney U-test). Additionally, 1gG3

titers were significantly lower (P=0.01 Mann-

: Whitney U-test) in the lymphoma group
The role of cytokines compared to the symptomatic group to the gp41
IL-10, produced in normal monocytesconserved immunodominant epitope,
following in vitro gp120 treatment, could exertpreviously reported to be 1gG1 and 1gG2
an inhibitory effect on CD4+ and CD8+ protestricted (Chiodet al, 1989). IgG4 typically
liferation (Schols and De Clercq, 1996). In adollows repeated antigenic stimulation. HIV-
dition to its growth-promoting and differentia-specific 1gG4 reactivity was seen almost
ting activities on human B cells (Briee¢ al, €xclusively in the symptomatic group
1994), IL-10 is reported to act as a switch fact@ompared to the asymptomatic and lymphoma
for IgG1 and IgG3. The study (paper V) wagroups; this might represent a late broadened
undertaken to analyze possible immunologicgubclass pattern to a high antigenic burden.
imbalances in HIV-infected individuals WIthAmong the anti-HIV IgG subclasses of sera
lymphoma regarding the IgG subclass dIS'[I‘*-

bution to previously defined epitopes of HIV- o HIV-1 subjects, IgG1 was dominant
P Sty prtop regardless of the clinical stage of infection. The
1 and EBV proteins.

patients with lymphoma retained their
responses to immunodominant antigens despite
their generally low CD4 values. The low CD4
cell values may decrease the CD4 help,
particularly to IgG3 responses. However, these
patients had higher frequencies and titers of
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EBV pl07 antibodies. Low levels of p107EBV specific IgG also appears to be important
antibodies were found in lymphoma patients inhibiting outgrowth of transformed EBV-
with EBV DNA present in the sera, a findingcarrying cells. Recent work (Abeelial, 1997)
well in concordance with previous work wheresuggests a role for EBV specific antibodies,
low levels of p107 antibodies in EBV DNA purified from EBV seropositive donors, in the
positive subjects reflected an impaired EBV Pprevention of EBV-related tumor development
cell control (Barkholtet al, 1996). This in SCID mice repopulated with human PBMCs.
impairment may consist of an altered IL-10'his might be related to antibody interactions
expression with inhibitory effects of IL-10 orwith the EBV nuclear antigens (EBNAs) and/
viL-10 on T cells. or EBV latent membrane proteins (LMPs)

which occur at the tumor cell surface, since

g]rﬁplt)grnngggr;;ifnigeﬁatz’dZEQQSQE?e;%JS%%ie antigens are implicated in B cell trans-
: ation (Kieff and Liebowitz, 1990).
of IgG1 and 1gG3 to gp120 peptide and IgG3 ion (Ki iebowitz )

to gp41 and V3 peptides. These findings couldG subclass disorders may develop as a ma-
have implications for the development ofifestation of an impairment of the B cell
lymphoma, since gp120 and gp41 recently havenction due to the malignancy per se, but more
been reported to stimulate B cell growth anlikely as a result of functional imbalance in
differentiation through IL-10, possibly towardsmmune regulation developing with declining
a development of malignant B cell clone€£D4 cells. Previous findings point to a loss of
(Edelmanet al, 1996; Miyazakiet al, 1993; HIV-1 specific minor IgG subclasses during

Stuartet al, 1995). disease progression (Sundgwestal, 1986).
We interpret the observed loss of IgG subclass
B cells and EBV reactivities in the lymphoma group as a sign of

| hani h b ddisease progression, since the mean CD4 count
Sever_a mechanisms have been suggested a3 ese patients is below that of even the
contributing to HIV-1 related

o -~ Y symptomatic group.
lymphomagenesis. Direct polyclonal actlvatlony P group

of B-lymphocytes (Schnittmaat al, 1986), . . . )
and the influence of Epstein-Barr virusAUtOImrnunIty not induced during

infection are likely to have significant roles inH1V-1 rgp160 immunizations

the pathogenesis. EBV is associated with|\.induced immune dysfunction contributing
approximately 50% of the lymphomas in HIVto autoimmunity and lymphoproliferative
disease and those with demonstrable EBV DNfyalignancies is complex and probably initiated
in serum have a poorly controlled lymphomay activation of virally infected macrophages
(Herndieret al, 1994; Mulleret al, 1995; (Morrow et al, 1991).

Pelicciet al, 1986; Stuarét al, 1995; Subar

etal, 1988). Recent work points towards EBVOUr study group (Paper V) consisted of
negative tumors having a less aggressivelatively healthy individuals (CD4 counts >
clinical course (Kaplaret al., 1995). All 400), which may account for the lack of more
patients were EBV antibody positive with bottProminent autoreactivity. However, the study
IgG1 and 1gG3 responses to pl07. Thwas initiated to define if vaccination would
lymphoma patients with poor EBV p107induce autoimmunity. Autoimmune antibodies
reactivities had detectable serum EBV DNAWwere not induced during vaccination as defined
which has previously been implicated as By antibodies against CD8+ cells bearing class
marker for decreased T cell control of EBVI A2 and peptides representing epitopes with

transformed cells (Barkhdﬂ al, 1996) SUggeSted molecular miminy between HLA
and gp160.
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Pathogenesis of HIV related Relations to markers of
autoimmunity autoimmune disease

The question if autoantibodies directed towardsor comparison, sera were also assayed for the
self-components could arise duringccurrence of autoantibodies typical for
immunization with rgpl60 was addressed ipatients with the autoimmune rheumatic
forty HIV-infected asymptomatic individuals.disease Sjogren’s syndrome, as previously
The patients were studied for autoreactivieeported in HIV-infection (Argoet al, 1991;
antibodies before, during and after 6 monthduller et al, 1992). No autoantibodies reacting
of rgp160 immunization. The HLA class Il DRwith the 60 kD SS-A/Ro antigen could be
beta-chain stretch comprising aa 17-81 contaidetected by ELISA or Western blot in any of
four sites that have a certain homology witthe sera. Neither were reactions detected by
HIV gpl60 sites, as shown in Table 1. ThedELISA towards the La/SS-B antigen.

amino acids form an alpha helix. They are

positioned so that antibodies directed to the@ecreasing levels of

epitopes could interfere with the antigen-pres ;toantibodies during

senting capacity of the class Il groove. B . .

mimicking the identified/described HLA cIasstmunlzatlons

I and Il homologous regions with syntheticThe frequency of reactivity to the homologous
peptides, we analyzed the 1gG reactivity duringlLA DR peptide p12 decreased from 65 per-
HIV rgp160 immunization (Table 1). CD8+cent to 45 percent after vaccination, which is
cells and chemically synthesized peptidesightly above the 33 percent previously
representing regions of homology betweereported (Goldinget al, 1988). The presence
HLA and HIV-1 gp160 were used as antigensf crossreactive antibodies to this region has
in cytotoxicity assays and in ELISA in order tdoeen correlated with lack of T cell
investigate increasing evidence of amesponsiveness to influenza or tetanus
autoimmune component in the pathogenesis (Blackburnet al, 1991). A significantly dec-
HIV-1 infection and progression to AlDSreased reactivity (p <0.001) to HLA peptide p12
(Habeshavet al, 1992; Hoffmanmt al, 1991; after vaccination was related to increased T cell

Mooreet al, 1993). proliferative responses to a number of HIV and
other antigens, including tetanus toxoid and

Autoantibodies during HIV HIV proteins (Wahreret al, 1994).

therapeutic immunization Several autoantigens have been suggested to

Autoantibodies as defined by reactivity irfontribute to the pathogenesis of AIDS. Anti-
ELISA to peptides representing regions of HLAYmphocyte antibodies deserve special note
class | and class Il were indeed present in tg#iCce it has been suggested that such antibo-
HIV-1 infected individuals at a frequencydies might be one mechanism involved in T
ranging from 33 to 78 percent. IgG reactivitgell depletion. Indeed, the specificity of these
to these HLA homologous peptides wasintibodies remains to be fully characterized but
however, lower than to HIV unique pep“desCOUld in part be directed to HLA class | and
After vaccination with rgp160, theseclass ll, as described in paper V.

frequencies decreased to between 25 and 58

percent at 15 months after vaccination. A

significant increase in titer was observed only

against the HIV-peptide mI283. No evidence

of significantly increased reactivity to the HLA

peptides after rgp160 immunization could be

found. Indeed, reactivity (OD 405nm) 15

months after initial vaccination decreased

towards HLA-peptides pl12, p13, pl14.
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CONCLUSIONS

These results demonstrate the feasibility of jet-
injection of plasmid DNA for induction of specific
immune responses in mice and humans. The
injection into the mucosal tissues of the oral cavity
was well tolerated and easily monitored for
adverse events.

The site and mode of application and the number
of immunizations influence the type of immune
response elicited following plasmid DNA
immunization.

The combination of plasmids induces specific
mucosal and systemic humoral responses to a
higher degree than previous studies utilizing single
plasmid immunizations.

Exposure to rgpl60 favors the HIV-specific
antibody response instead of the autoimmune
responses in vaccinated patients.

HIV patients with lymphoma had low specific IgG
subclass reactivities as a sign of disease progres-
sion, with low CD4 counts indicating the effects
of CD4 control on 1gG3 induction
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