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Abstract. The immune system may play an important role in the neurodegenerative process in Alzheimer’s
d

�
isease (AD). Complement components, eicosanoids and cytokines are found in cerebral amylo� id plaques. These

i
	
nflammatory proteins may stimulate the amyloid β (Aβ)



 production, support its aggregation and increase its

c� ytotoxicity, thus aggrevating the pathology of AD. Aβ may trigger their release from activated microglia and
a� strocytes which are the main sources of these proteins. However, there are also indications for a protective role
o� f the immune system against the development of AD. Microglial cells have been shown to degrad

�
e Aβ a� nd

recent evidence suggests a role of autoreactive Aβ-specific T cells in the elimination of the peptide. This mech-
a� nism seems to be impaired in the majority of patients with AD. An Aβ-specific immune reaction may thus
r
 epresent a natural defence mechanism directed against the accumulation of dangerous amyl

�
oidogenic substances.

Impairment of the immune system and the failure to eliminate a toxic metabolite can be the ba� sis for a chronic
n� on-specific inflammatory process in the brain, as described above. AD is a good example how an�  immune
response may lead to tissue destruction and neuronal loss instead of maintaining the integrity of the body.

Key words: Alzheimer’s disease; Alzheimer amyloid precursor protein; amyloid β; cytokines; T lymphocytes;
a� utoreactivity; inflammation.

A
�

myloid β (Aβ)


 is one of the main plaque compo-

nents in the brain of Alzheimer’s disease (AD) patients.
This 39–43 residue peptide is cleaved by still unknown
p� roteolytic enzymes from the larger Alzheimer amyloid
p� recursor protein (APP)19, a protein of 695–770 amino
a� cids. These isoforms are generated by alternative
splicing of a single gene located on chromosome 21.
APP is a transmembrane glycoprotein and is expressed
in most neuronal and extraneuronal tissues3

�
7. It can

e� ither be processed to release a large secretory product
o� r be metabolized in an endosomal/lysosomal pathway
w� ithout secretion3

�
6. While the former pathway cuts

APP within the Aβ sequence and thus precludes amy-
loid formation, the latter pathway is considered as amy-

l
�
oidogenic14. Aβ i

	
s, however, found in cerebral spinal

fluid and blood plasma of normal individuals3
�

8. While
t

�
he physiological role of APP has not been fully eluci-

d
�
ated, it is getting increasingly clear that the Aβ p� rotein

may play a central role in the pathogenesis of AD3
�
7.

T
�

he harmful effect of Aβ o� bviously depends on its
q� uantity and aggregation. Thus, it has been shown that
o� verproduction of Aβ (1–40) or of the more easily ag-
g� regating form Aβ (1–42) is a typical feature of states
w� ith an AD pathology, such as for instance Down’s
syndrome45 or early onset AD due to familial mutations
i

	
n the APP gene8. Alternatively, decreased clearance of

soluble Aβ c� ould also result in locally increased con-
c� entrations. While soluble Aβ is relatively harmless,
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a� ggregated amyloid has been shown to be cytotoxic17

a� nd is at present believed to lead to neurodegenerative
c� hanges in the brain5

�
, 37. Amyloid aggregation leads to

p� laque  formation which is still enhanced by amyloid-
-associated proteins such as α1 antichymotrypsin1,
c� omplement components3

�
2, serum amyloid6

�
 or heparan

sulfate proteoglycans4
�

2. Recently, the immune system
is believed to play a decisive role in determining local
c� oncentrations as well as the toxicity of amyloid. In the
b

�
rain microglial cells orchestrate the endogenous im-

mune response. They carry most markers of innate im-
munity and can also express MHC II molecules. They
i

	
nteract with astrocytes, which sustain the functional

integrity of neurons and contribute extracellular matrix
p� roteins. Immune cells and mediators may affect the
p� roduction of Aβ, may hamper or support its aggrega-
t

�
ion, can control its cytotoxicity versus neuronal or

o� ther cells, and may influence its sequestration. These
d

�
ifferent immunological functions will be discussed in

t
�
he following.

The Effects of Non-Specific Innate Immunity 
o� n the Development of AD

I
�
nfluence on the production and metabolism of APP

I
�
nflammatory cytokines have been shown to affect

t
�
he production and metabolism of APP. Thus, inter-

leukin 1 (IL-1) stimulates the synthesis of APP and its
a� myloidogenic metabolites3

�
4, 47. TGF-β induces the ac-

c� umulation of cellular APP2
 

7 and may initiate or pro-
mote amyloidogenesis5

�
1. Interferon γ!  (IFN-γ! )



 inhibits

t
�
he production of secreted APP (APPs)3

�
4. While tumor

necrosis factor α (TNF-α)


 alone does not have any ef-

fect on APP production and its metabolism, in combi-
nation with IFN-γ ! it induces a rapid increase in the
t

�
ranscription and production of APP. This change is

followed by an inhibition of APPs secretion and a pro-
n� ounced release of Aβ i

	
nto the culture medium3

�
. Thus

inflammatory components can exacerbate the fun-
d

�
amental pathology in AD.

I
�
nfluence on amyloid aggregation 

a" nd plaque formation

It has been demonstrated that Aβ d
�
eposits in the

b
�
rain of patients with AD are closely associated with

v# arious complement components such as C1q, C3d,
C

$
4d and C52

 
3. These complement factors may activate

C
$

5b-C9, which will consequently promote neuronal
d

�
eath when assembled on the plasma membrane15. In

a� ddition to this potentially neurotoxic effect, C1q can

b
�
ind to Aβ18, induce its aggregation and increase its

c� ytotoxicity. C1q binding to Aβ may also be a trigger
mechanism for the above mentioned activation of the
c� lassical complement cascade3

�
1. High numbers of

microglial cells are found around the mature plaques of
AD brains20. They express increased levels of Fc recep-
t

�
ors, MHC class I and class II molecules, as well as β2

%

integrins and the vitronectin receptor7
&
, 24. They may

a� lso produce cytokines such as IL-1, IL-6 and TNF-α26,

49. A quantitative link between Aβ p� laque formation
a� nd microglial activation has been described in an ani-
mal model9

'
. Inflammatory mediators produced by acti-

v# ated microglial cells can aggrevate plaque formation.
This can lead to a vicious circle, as cytokine and nitrix
o� xide (NO) production can be augmented by aggre-
g� ated Aβ, particularly in the presence of other stimula-
t

�
ory agents such as IL-1β or IFN-γ! 11, 26.

I
�
nfluence on the toxicity of Aβ

C
$

ytokines may also be involved in the development
o� f neuropathology. Although TNF-α h

(
as been at-

t
�
ributed neuroprotective qualities by some authors2

 
, it

is mainly regarded as a potentially destructive agent48.
T

�
hus, it has been described as mediating the production

o� f toxic free radicals in glial cells and as contributing
t

�
o the process of neuronal degeneration26. Although

TNF-α may be harmless in the absence of aggregated
Aβ, it can support the neurodegenerative process once
a� myloid aggregation has started4.

The Protective Role of the Antigen-Specific
Acquired Immunity in AD

Effects on the elimination of Aβ

Several lines of evidence have led to the hypothesis
t

�
hat the immune system may attempt to remove toxic

a� myloidogenic APP metabolites. This could represent
a�  physiological protective mechanism. Sequestration
may be influenced by the presence of microglia or mac-
rophages20, 29, 39, or by protein-protein interactions such
a� s with apolipoprotein E4

�
3, transthyretin3

�
5, or autoanti-

b
�
odies10, 28. Brain-specific antibodies have indeed been

d
�
escribed3

�
0 and two reports on the occurrence of

Aβ-specific autoantibodies have been published10, 28.
Although this has led to the suggestion that autoim-
mune mechanisms might contribute to the pathology of
A

�
D4

�
1, it may on the other hand be regarded as a sign

o� f ongoing protective autoreactivity initiated by the or-
g� anism to defend against disease and to repair damage.
This type of mechanism has been described in periph-
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e� ral organs and situations such as uncontrolled growth
o� r tissue damage12, 13, 44. The first step to trigger amy-
loid-specific adaptive immune reactivity would be the
e� ndocytosis of Aβ b

�
y antigen-presenting cells, its pro-

c� essing and its consecutive presentation via MHC
molecules. Dendritic cells, the most potent antigen-
p� resenting cell type, can indeed endocytose amyloid
e� ven in its aggregated form3

�
3. TRIEB et al.46 detected

Aβ-reactive immune cells in healthy individuals and
d

�
emonstrated that soluble Aβ c� an induce IL-2 receptor

e� xpression and proliferation in peripheral T lympho-
c� ytes. Further characterization of Aβ-specific T cells
r
 evealed a predominantly CD8+)  phenotype and
a�  TH1/TC1 cytokine production pattern with high
I

�
FN-γ ! secretion, but nearly no IL-4 production. Addi-

t
�
ionally, Aβ-specific T cells are able to recognize and

subsequently lyse Aβ o� verproducing cells in vitro2
 

1.
How these cells might participate in the elimination of
a� myloidogenic substances in vivo remains a subject of
speculation. CD8+ T cells could be activated by soluble
A

�
β p� roduced in the periphery, pass through the

b
�
lood/brain barrier due to their activated stage and pa-

t
�
rol through the brain5

�
0, where they could eliminate

single Aβ-overproducing cells. CD4+ amyloid-specific
T

�
 cells could, on the other hand, help B cells to produce

Aβ-specific autoantibodies. These could bind Aβ a� nd
support its degradation, hereby decreasing the whole
b

�
ody load of amyloidogenic substances. Immune acti-

v# ation by Aβ seems to be impaired in patients with AD,
a� s their peripheral T cells fail to proliferate, in spite of
i

	
ntact CD25 expression following stimulation with

Aβ46. It is thus intriguing to suggest that AD patients
h

(
ave been exposed to higher concentrations or to dif-

ferent antigenic epitopes of Aβ, due to an altered APP
metabolism. This could result in T cell anergy instead
o� f full activation. Patients with AD, in whom certain
i

	
mmune functions may be disturbed4

�
0, may be particu-

larly prone to develop this type of defect. Inability to
r
 aise an antigen-specific acquired immune response
may lead to the failure of the organism to avoid amy-
loid aggregation and its toxic consequences and could
indirectly support the maintenance of a chronic overre-
a� ction of the innate immune system. Due to its immu-
nologically privileged position, the brain may thus be
p� articularly vulnerable.

Conclusion

A
�

cquired antigen-specific immunity against Aβ
may play a protective role against the development of
A

�
D. Patients with AD may suffer from their decreased

a� bility to recognize Aβ a� s an autoantigen and to elimi-

n� ate it as a consequence. This may lead to an inbal-
a� nced, innate, non-specific immune response in the AD
b

�
rain. The notion that non-specific inflammatory fac-

t
�
ors might be involved in the maturation of amyloid

p� laques and the propagation of the pathology in the
surrounding tissue was supported by the finding that
A

�
D was less frequent in patients with rheumatoid arth-

ritis  and other disorders chronically treated with anti-
-inflammatory drugs than in untreated control groups22, 25.
I

�
n addition to this non-specific anti-inflammatory treat-

ment, specific immune stimulation against Aβ might
help to protect from the development of amyloidosis
a� nd could represent a novel therapeutic approach to
p� revent AD. The possibility of inducing protective
a� utoreactivity for an efficient elimination of damaged
c� ells or toxic degradation products might not only be
o� f interest for the prevention of AD, but also for other
t

�
ypes of amyloidosis. However, as other immune re-

sponses, amyloid-specific immune reactions may also
have negative consequences. Similar to the situation in
c� hronic infectious disease, cytokine overproduction or
t

�
arget cell damage may occur. It should, therefore, be

t
�
he goal of potential immunological interventions

a� gainst amyloidosis to achieve maximal clearance of
t

�
he pathogen while keeping negative side-effects as low

a� s possible. As amyloid in its aggregated form triggers
t

�
he release of potentially harmful cytokines and is cy-

t
�
otoxic, a specific immune response against the soluble

p� eptide could be expected to be most effective. An
e� xclusive propagation of CD4+ T cells by appropriate
v# accines and a deviation of TH1 into TH2 responses
c� ould also be tried. Intensive research work will, how-
e� ver, still be needed to reach this goal.
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