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THE  IMMUNE  SYSTEM

Paul J. Travers*
Anthony Nolan Research Institute, London, UK

quire additional information about the presence of in-
fections, namely where they are in relation to the cell.
The cell biology of antigen presentation through MHC
class I and class II molecules, and the evolution of the
co-receptor molecules, CD4 and CD8, allows this po-
sitional information to be presented to the appropriate
effector subsets of T cells.

The complex network of cells that comprises
the immune system is coordinated by cytokines and
chemokines, a diverse series of growth, survival, dif-
ferentiation and chemotactic factors that both create
the architecture of the immune sysem and orchestrate
immune responses in both space and time.

This temporal organisation of the immune re-
sponse largely reflects the evolutionary divergence of
immune recognition and effector mechanisms, with
innate responses occurring early on infection and lead-
ing to the recruitment of adaptive responses.

 Recognition of infectious organisms as ‘foreign’
relies on two separate strategies.  The first - recogni-
tion of non-self – is the older in the evolution of the
immune system, and consists of the direct recognition
of specific molecular patterns present on microorgan-
isms, while the second, more powerful and evolution-
arily more recent strategy – recognition of self - re-
lies on recognition mechanisms that are either non-
specific or have a diverse repertoire, coupled with
specific inhibition or removal of self-reactivity.  Fail-
ure to remove or inhibit self-reactivity results in dam-
age to the organism;  that this cost is tolerated in evo-
lutionary terms reflects the overall value of these rec-
ognition strategies in host defence.
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The immune system is a multilayered series of
recognition events and responses whose purpose is to
exclude, control or eliminate infectious agents from
the body.

The first layer of immunological defence oper-
ates at epithelial surfaces, which microorganisms must
colonise or breach to be able to establish a focus of
infection. Physical barriers and the mechanical move-
ment of pathogens, together with chemical barriers and
antimicrobial peptides produced by epithelial cells, make
up the first line of defence. Organisms that succeed in
crossing an epithelial barrier face elimination by ph-
agocytic cells of the innate immune system, either
through direct recognition of common molecular pat-
terns (PAMPs – pathogen associated molecular pat-
terns) by phagocytes or by opsonisation of the microbe
by soluble proteins that in turn are bound by receptors
on phagocytes. The third layer of immunological de-
fence, that of adaptive immunity, mediated primarily
by B and T lymphocytes, is induced by dendritic cells,
specialised phagocytic cells of the innate response. The
antigen receptors of B and T lymphocytes are somati-
cally generated and clonally diverse, creating a broad
recognition repertoire from which self-reactivity is
purged both during the development of the repertoire
and during its maintenance. Antibodies, produced by
B lymphocytes, both direct opsonins to microbial sur-
faces, enhancing their uptake by phagocytes, and di-
rectly interfere with microbial attachment to cell sur-
faces, the process of neutralisation. The production
of neutralising antibody is perhaps the only effector
mechanism which is unique to the adaptive immune
system, since T cell effector mechanisms are derived
from more ancestral, innate effector mechanisms. T
lymphocyte effector functions eliminate microbes from
intracellular sites, with inflammatory T lymphocytes
enhancing the destruction of phagocytosed organisms
while cytotoxic T lymphocytes kill infected cells.

The divergence of function of inflammatory and
cytotoxic T cells requires that the immune system ac-
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A two-year prospective study was conducted
on 23 patients with visceral leishmaniasis (VL), in-
cluding 14 children and 9 adults, in São Luís-Maranhão,
in order to determine clinical and laboratory aspects
as well as early markers of therapeutic efficacy in
these population before and after treatment. A proto-
col chart was used for collection of the following data:
identification, epidemiological aspects, clinical history,
and results of laboratory exams. Immunological pro-
file of VL patients was assessed by measurement of
plasma immunoglobulins (IgG, IgG1, IgG2, IgG3, IgG4
and IgE) and cytokines (IFN-γ, TNF-α, IL-10 and
IL-12p40) as well as peripheral blood mononuclear
cell (PBMC) cytokines (IFN-γ, TNF-α and IL-10) at
day zero, 30, 120 and 210. In addition, Montenegro
skin test (MST) and blastogenesis with anti-Leishma-
nia antigen were performed. No significant difference
in gender and clinical or epidemiological variables was
observed between the two groups. Interestingly, dis-
ease duration, adenomegaly and bleedingwere signifi-
cant present in the adult group, whereas hepatomegaly
and mucocutaneous paleness were significant present
in the children group. A significant difference between
the two groups was found in the percent variation
(final values minus initial value divided by initial value)
of neutrophil, lymphocytes and erythrocyte sedimen-
tation rate, as well as in the levels of IgG, IgG1, IgG3
and IgG4. The decrease in IgG and IgG1 levels was
marked at 120 days, but remained detectable at the
other time points analyzed. The increase in IgG levels
appears  to be the result of polyclonal B cell activation
and the difference observed between the two groups
was due to the fact that serum IgG concentrations
vary with age. Most patients had detectable IgE lev-
els before treatment, which remained unchanged at

the time points studied. A lymphoprolif-erative response
was observed in most patients at the end of treatment,
and only three children presented a positive MST at
210 days after treatment. This finding can be explained
by the fact that the cell population participating in the
MST differs from that involved in blastogenesis. El-
evated plasma levels of IFN-γ, IL-10 and IL-12p40
were detected on day zero, with a marked decline being
observed at the end of treatment. On the other hand,
PBMC levels of IL-10 were high on day zero, while
IFN-γ was undetectable. Subsequently, IL-10 levels
declined and IFN-γ increased with advanced treat-
ment. TNF-α was only detected in PBMC cultures
after treatment. The results indicate that a favorable
therapeutic response leads to an early reduction in the
production of both inflammatory and suppressive
cytokines in plasma. The cellular immune depression
observed in patients with VL might be due to a pre-
dominance of the biological activity of IL-10 and not
to the lack of IFN-γ. The high plasma levels of both
Th1 type (IFN-γ, IL-12p40) and Th2 type (IL-10)
cytokines on day zero and their decrease at the end of
treatment may represent a response parameter for the
treatment of human VL.
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Over the last 2 to 3 decades, the prevalence of
asthma and allergic diseases has increased extensively
worldwide. Environmental factors, such as air pollu-
tion, allergen exposure and infections, have been as-
sociated with the development of atopy, mainly in ge-
netically predisposed individuals.

Asthma is a chronic disease characterized by
intermittent and reversible airway obstruction, mucous
hypersecretion and airway hyperreactivity (AHR),
airway eosinophilia and IgE production. In atopic asth-
matic individuals, the interaction between allergens and
the immune system leads to activation of CD4+ T lym-
phocytes that secret type 2 cytokines, e.g. IL-4, IL-5
and IL-13, which in turn recruit inflammatory cells to
the airway tissue. As a result of the chronic inflam-
matory process, the airways may suffer profound
structural changes referred to as airway remodeling.

The understanding of the pathogenesis of
asthma has improved substantially with murine mod-
els that have demonstrated a pivotal role for the Th2
lymphocyte-secreted cytokines in the development of
the disease. T lymphocytes appear to be a condition
sine qua non for asthma development. Actually,
T-cell deficient mice (TCR-β knock-out (KO)) do not
develop asthma-like responses, after immunization and
challenge. Moreover, De Sanctis et al. have shown
that in non-immunized animals, AHR is strictly αβ-T
cell dependent. In contrast to the conventional αβ-T
cells, γδ-T cells appear to protect against the develop-
ment of AHR. Indeed, it has been demonstrated that
γδ-T cell-deficient animals present increased AHR
when compared to wild-type mice. On the other hand,
depending on the experimental models used, γδ-T lym-
phocytes have also been demonstrated to be funda-
mental for optimal IgE production and airway eosino-
philia.

It has been shown that IL-4 and IL-13 are both
involved in the production of IgE and mucous. Fur-
thermore, IL-5 has been demonstrated to be respon-
sible for the growth of eosinophils and their differen-
tiation, survival and activation. It is believed that mi-
gration and activation of eosinophils in the lung induce
cell damage and are thereby directly associated with
the development of AHR. However, murine models of
hyperreactivity have demonstrated that depending on
mouse strain, the AHR might be more or less depen-
dent on one or another cytokine related to asthma, and
thereby associated with different mechanisms. Foster
et al. have shown that IL-5 deficiency abolished anti-
gen-induced eosinophilia and the development of AHR.
In contrast, Corry et al. reported that IL-4, but not IL-
5, is required to activate mast cells by an IgE-depen-
dent pathway and thereby generate AHR. Recently, it
has also been demonstrated that animals lacking IL-
13, even in the presence of high levels of IL-4 and IL-
5, do not develop AHR. Moreover, it seems that both
IL-4 and IL-13 can exercise a direct effect on the
airway cells inducing AHR. Finally, it has been dem-
onstrated that the genetic background of the mouse
strain can determine the resistance, susceptibility or
even the magnitude of the development of AHR.

Current pharmacotherapies in asthma use cor-
ticosteroids and leukotriene antagonists as anti-inflam-
matory agents and β2-agonists as bronchodilators to
relieve bronchospasms. Other approaches to treat
asthma are humanized monoclonal antibodies directed
against T cells, co-stimulatory molecules, type 2
cytokines or IgE antibodies. Although pharmacothera-
pies have been proven to be effective in controlling
asthma symptoms they are not curative. Moreover,
persistent treatments might have side effects such as
immunosuppression, or exacerbation of Th1 responses
that may lead to autoimmunity.

UNCONVENTIONAL STRATEGIES FOR THE SUPRESSION OF ALLERGIC ASTHMA

D Sousa Mucida; A Castro-Keller; EC Fernvik & M Russo*
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Kinetoplastid protozoa process their pre-mRNA
transcripts into mature mRNA via a bi-molecular trans-
splicing mechanism; a 39 base capped leader is spliced
from the 5’ end of the miniexon gene (Splice Leader,
SL) to the 5’ termini of the mRNA. The trans-splicing
process is coupled with the 3’cleavage and polya-
denylation events that define the 3’ termini of mature
mRNAs. Therefore, intergenic regions of polycistronic
pre-mRNAs are excised and the mRNA molecules
are processed into mature competent monocistronic
units. The miniexon gene resides as a long tandem ar-
ray on chromosome 2 of Leishmania. Besides its cen-
tral role in mRNA maturation the SL gene has been
linked to virulence changes associated with amplifica-
tion/deletion processes observed in chromosome 2
(Spithil, T.W. et al., 1986). In addition, it has been shown
that chromosome 2 polymorphism may be due to am-
plifications or deletions of the tandem array of the
miniexon gene (Iovannisci, D. M. et al., 1989).

To understand a possible correlation between
virulence and levels of transcription of the miniexon
gene we used a recombinant cosmid bearing 100 cop-
ies of the SL array to transfect Leishmania major
and test the effect of its overexpression in vivo. We
have shown that the artificial induction of the miniexon
overexpression in L.major reduced the virulence pat-
tern of an originally virulent line (LV39) in BALB/c
mice in vivo (Antoniazi, S. et al, 2000). In addition,
we investigated the presence of the same phenom-
enon in L.braziliensis. Hamsters and BALB/c mice
were injected in the subcutaneous and intra-dermically,
respectively, with L.braziliensis. Those parasites
transfected and overexpressing the Miniexon gene in
the episome were incapable of inducing lesion in both
hosts and conditions tested. L.braziliensis untrans-

fected (parental line) and transfectants bearing the
backbone of the cosmid vector led to the development
of lesions under the same conditions. Transfectant
promastigotes show no phenotypic changes, compared
to parental line.

We are currently investigating possible mecha-
nisms responsible for the observed phenomenon. One
of the lines of investigation is based on previous re-
ports (Lamontagne and Papadoupoulou, 1999) sug-
gesting the existence of a large SL polyadenilated tran-
script, which is stage-specific in L. donovani; this
class of SL is only seen in amastigotes. It is possible
to speculate that an imbalance of SL made available
by the overexpression of the entire gene array could
be interfering with amastigote’s multiplication or sur-
vival. Therefore, we decided to investigate the exist-
ence of a developmentally regulated class of polya-
denilated SL RNA on attenuated and parental lines, in
order to verify a correlation between the polyadenilated
SL and virulence levels. For this purpose and based in
the architecture of the miniexon gene we designed
primers from the intronic region of the miniexon to
amplify polyadenilated molecules rescued from a RT-
PCR. In addition, the availability of a large number of
SL transcripts could be modifying the level of mRNAs
made available; among them, some would be harmful
to amastigotes. Therefore, a global analysis of the gene
expression at the protein level was carried out by pro-
tein separation using 2D electrophoresis, a high-reso-
lution approach that combines isoelectric focusing and
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (IEF/SDS-PAGE). The total protein 2-D gel
map of attenuated Leishmania strains was compared
to the parental line and the differentially expressed
proteins are under investigation.

OVEREXPRESSION OF THE MINIEXON GENE AND ATTENUATION IN Leishmania
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We have shown that heart infiltrating T cells of
Rheumatic Heart Disease (RHD) patients were able
to recognize both streptococcal M protein peptides (1-
25, 81-103 and 163-177 regions) and myocardium and
valvular proteins. Our results allowed us to establish
the CD4+ T cell molecular mimicry mechanism be-
tween beta hemolytic streptococci and heart tissue
proteins in RHD (Guilherme et al, 1995). These re-
sults opened several questions involving peripheral and
intralesional T cell recognition, the T cell receptor (TCR)
and the cytokines possibly involved in the development
and maintenance of the heart lesions. We verified that
the same M5 epitopes cited above were preferentially
recognized by peripheral T lymphocytes and the M5(81-
96) epitope was preferentially recognized in the con-
text of DR7+ DR53+ molecules in severe RHD pa-
tients (Guilherme et al, 2001). These HLA class II al-
leles were shown to be genetic markers of susceptibil-
ity to RF in brazilian patients (Guilherme et al, 1991).
Aiming at molecularly identifying heart proteins rec-
ognized by peripheral / heart-infiltrating T cells, we
found several proteins analyzing heart-derived proteins
resolved by 2D-electrophoresis by T cell Western. One
(53-kDa pI 5.12) mitral valve protein presented 86 %
of mass coverage with vimentin, suggesting that some
defined heart antigens are recognized by B and pe-
ripheral and intralesional T lymphocytes.

The cytokine pattern of infiltrating mononuclear
cells showed a predominance of proinflammatory cells
(TNF-α and IFN-γ) and scarce production of regula-
tory cytokines, such as IL-4 in the valve tissue. Stimu-
lation of intralesional T cell lines with the M5(81-96)
peptide showed that most of these T cell lines were
able to produce IFN-γ suggesting a predominant
proinflammatory response to this M5 epitope. IL-4
was not produced by mitral valve–derived T cell lines.
IL-10  a predominant regulatory cytokine was also se-
creted by a large numbers of cells in both valve and
myocardium tissue as well as by infiltrating T cell lines

upon specific streptococcal stimulus, however with low
amounts. Taken both in situ and in vitro results, our
data showed a mixed pattern of cytokine suggesting
the coexistence of intralesional inflammatory and regu-
latory T lymphocytes. However, such regulatory cells
are probably not efficient in neutralizing the aggres-
sive autoreactive T cells and, consequently, in main-
taining immunologic self- tolerance (submitted). The
analysis of T cell repertoire from peripheral and
intralesional T cell lines derived from RHD patients
showed normal frequencies of the 24 BV families,
excluding the superantigen effect of M protein. Sev-
eral BVJB oligoclonal expansion was observed, some
of which shared between myocardium and mitral valve
tissue (Guilherme et al, 2000, 2001). Recently, we de-
scribed intralesional T cell clones with a degenerate
pattern of reactivity. Five heart-tissue-derived T cell
clones (three from mitral valve and one from myocar-
dium) obtained from one severe RHD patient presented
the same TCR-BV13 BJ2S7 with identical CDR3 se-
quences. They expressed two alpha chains at the RNA
level and recognized M5 epitopes or human cardiac
beta chain synthetic myosin peptides or mitral valve-
derived proteins. Interestingly, a mitral valve-derived
protein (53-56 kDa/pI7.76) was recognized by two
intralesional T cell clones, one from mitral valve tissue
and the other from myocardium. These T cell clones
expressed only one different alpha chain. We also found
other T cell clones that recognized several different
antigens bearing the same TCR-BV3 BJ2S1 (Faé et
al, 2004). The molecular analysis of T cell recognition
showed an intramolecular degenerate reactivity against
streptococcal and human protein epitopes with low
homology. In conclusion, all these results create a new
picture of the pathogenesis of RHD and could be a
prototype of the immune events for other autoimmune
diseases. In addition, these data certainly, will open
new possibilities of immunotherapy.

RHEUMATIC HEART DISEASE A THROAT POST-STREPTOCOCCAL
INFECTION AUTOIMMUNE DISEASE
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Allogeneic haematopoietic stem cell transplan-
tation has been used as a treatment for malignant and
non-malignant haematological diseases since 1968.
Significant improvements in the outcome for patients
suffering from these diseases have been achieved
through improvements in chemotherapy and in the
transplant procedures themselves.  However, signifi-
cant causes of mortality remain; disease relapse, graft-
versus-host disease (GvHD) and infections following
the transplant are the major complications.  These three
complications are intimately associated, since the in-
cidence of GvHD is associated with the transfer of
mature T cells with the stem cell graft, yet these T
cells are essential to mediate protection against infec-
tion and tumour relapse. The overall benefit of the
patient then is a balance between the protective ef-
fects of T cell depletion and the protective effects of
retaining at least some effective T cell immunity. Im-
portant questions are therefore to what extent can
protective immunity be spontaneously generated in the
transplant patient and to what extent can specific or
targeted protective immunity be transferred from the
donor in the absence of deleterious GvHD responses.

The process of the development and mainte-
nance of the immune repertoire in patients after
haematopoietic stem cell transplantation is a combi-
nation of expansion of any T cells that have been trans-
ferred with the graft.  Monitoring the development of
specific immune responses, such as those directed
against cytomegalovirus, can give a picture both of
the general development of specific protective immune
responses under different clinical situations, as well
as allowing the definition of protective levels of T cells.
In the case of individuals who are HLA-A2+, it would
appear that around 2x107 CMV specific T cells per
ml – or about 1-2% of the circulating pool of CD8 T
cells – is required to prevent virus reactivation.  The
exact levels may vary from HLA type to HLA type,
and depend on the nature of the dominant antigen to-
wards which the response is directed.  Whether the
responding T cells are derived from memory cells from
the donor, or represent a primary response from newly
generated naïve T cells cannot always be determined,

IMMUNE RECONSTITUTION AND IMMUNE RESPONSES IN THE
HAEMATOPOIETIC  STEM CELL TRANSPLANTED PATIENT

G Aubert; S Rusakiewicz; L McGreavey; P Fallen; H De La Pena; S Nowack; A Knight; R Quartey-
Papafio; C Zamoyska; H Forde; IA Dodi & P Travers

though may be inferred in cases where the donor is
CMV negative.

More generally, the question of the development
of the immune system after a stem cell transplant has
been investigated using a combination of phenotypic
and molecular markers to differentiate naïve, memory
and effector cell populations and to indicate the level
of new T cell production via the thymus. Younger pa-
tients, in this case those below the age of 30 years,
show a pattern of T cell development which is domi-
nated by new T cell production, while older patients
show a pattern which is dominated by expansion of
peripheral T cells that have been derived from the graft.
The incidence of GvHD also plays an important role in
determining the profile of immune reconstitution in
patients after transplant, both depleting peripheral T
cell responses and abolishing new T cell production by
the thymus. It is likely that both responses are a con-
sequence of steroid treatment, though a direct inflam-
matory response in the thymus cannot be eliminated.
In the absence of an active thymus, some unusual T cell
populations are seen that may represent homeostatically
expanded cells.  The impact on the immune status of
the patient of these aberrant cell populations is yet to
be investigated, but they can be observed at signifi-
cant levels even after 3 years post transplantation.

While pathogen specific immunity may develop
spontaneously in the transplant recipient, it may be
more difficult to generate tumour specific immunity.
Using as a model system the generation of responses
to bcr/able junctional peptides in CML patients we have
been able to show that specific peptides can be pre-
sented by at least two MHC alleles, A3 and B8, and
that both normal individuals and patients appear to be
able to generate responses to these peptides.  We have
developed a novel artificial antigen presentation sys-
tem to allow us to prime responses to tumour antigens
in vitro, and have been able to generate both prolif-
erative and effector responses to bcr/abl junctional
peptides.  The ultimate goal of this effort is to be able
to transfer into the patient a population of tumour spe-
cific T cells that will eliminate the leukaemic cells in
the absence of any deleterious GvHD responses.
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