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Erkennung
Aktivierung
Differenzierung
Effektor Funktion
Gedächtnis
Suppression

Wichtige Schritte der Immunantwort



Aktiviert T- und B-Zellen

Antigen Art, Dosis und Lokalisierung beeinflussen die 
Immunantwort

TH1 vs TH2

Elimination/Entfernung des Antigens stoppt weitere
Aktivierung

1. Antigen als Hauptregulator



Suppression auf zellulärer Ebene

• APC/Phagozytensuppression

• B-Zell-Suppression

• T-Zell-Suppression



APC/Phagozyten-Suppression

Aktivierte Phagozyten (Makrophagen) produzieren 
unterschiedliche hemmende Mittel:

• große Mengen von freigezetztem Thymidin aus den 
phagozitierten und verdauten Zellen hemmen die 
Zellproliferation

• Komplementfaktoren des phagozitierten Immunkomplexes
• Polyamine-Oxidase-Enzyme (PAO)
• Interferon
• zyklisches AMP
• Prostaglandine



Polarization of macrophages

Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.

Abbas, Lichtman, Pillai: Cellular and 
Molecular Immunology 7th Edition, 2012. 



T-Zell-Suppression

• Verfehlte Kostimulation

• Blockierung durch CTLA-4 (CD152) exprimiert auf aktivierten T-

Zellen

• T-Zellen können die Ig-Produktion unterdrücken - PD-1 an Tfh 

Zellen

• Zytokinen, Prostaglandinen, zyklisches AMP, etc)

• Th1- und Th2-Querregulierung 

• CD4/CD25+ regulatorische T-Zellen



1. Antigen als HauptregulatorTh1 – Th2 Querregulierung 



Immunologische Balance
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2. Notwendigkeit der Co-Stimulation

Fig 15-6
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ago and was soon followed by experimental demonstra-
tions of populations of T lymphocytes that suppressed 
immune responses. These initial findings led to enormous 
interest in the topic, and suppressor T cells became one 
of the dominant topics of immunology research in the 
1970s. However, this field has had a somewhat checkered 
history, mainly because initial attempts to define popula-
tions of suppressor cells and their mechanisms of action 
were largely unsuccessful. More than 20 years later, the 
idea had an impressive rebirth, with the application of 
better approaches to define, purify, and analyze popula-
tions of T lymphocytes that inhibit immune responses. 
These cells are called regulatory T lymphocytes; their prop-
erties and functions are described next.

Regulatory T lymphocytes are a subset of CD4+ T cells 
whose function is to suppress immune responses and 
maintain self-tolerance (Fig. 15-7). The majority of these 
CD4+ regulatory T lymphocytes express high levels of the 
interleukin-2 (IL-2) receptor ! chain (CD25). A transcrip-
tion factor called FoxP3, a member of the forkhead fam-
ily of transcription factors, is critical for the development 
and function of the majority of regulatory T cells. Mice 
with spontaneous or experimentally induced mutations 
in the foxp3 gene develop a multisystem autoimmune 
disease associated with an absence of CD25+ regulatory  
T cells. A rare autoimmune disease in humans called 
IPEX syndrome (immune dysregulation, polyendocri-
nopathy, enteropathy, X-linked) is caused by mutations 
in the FOXP3 gene and is associated with deficiency of 
regulatory T cells. These observations have established 
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FIGURE 15-6 Mechanisms of action of CTLA-4. A, Engagement 
of CTLA-4 on a T cell may deliver inhibitory signals that terminate further 
activation of that cell (cell-intrinsic function of CTLA-4). B, CTLA-4 on 
regulatory or responding T cells binds to B7 molecules on APCs or removes 
these molecules from the surface of the APCs, making the B7 costimulators 
unavailable to CD28 and blocking T cell activation. CTLA-4–mediated 
inhibition by regulatory T cells is a cell-extrinsic action of this inhibitory 
receptor (since the responding T cells are suppressed by another cell).
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FIGURE 15-7 Regulatory T cells. Regulatory T cells are generated by self antigen recognition in the 
thymus (sometimes called natural regulatory cells) and (probably to a lesser extent) by antigen recognition 
in peripheral lymphoid organs (called inducible or adaptive regulatory cells). The development and survival of 
these regulatory T cells require IL-2 and the transcription factor FoxP3. In peripheral tissues, regulatory T cells 
suppress the activation and effector functions of other self-reactive and potentially pathogenic lymphocytes.



T-Zell-Hemmung wegen CTLA-4 (CD152)

CD152
CD80/86

+

-



Abbas, Lichtmann and Pillai. Cellular and Molecular Immunology. 8th edition. Copyright © 2015 by Saunders, an imprint of Elsevier, Inc 

3. Regulatorische T-Zellen

Fig 15-7
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3. Regulatorische T-Zellen
Phenotyp der Treg-Zellen 

CD4+, CD25hoch+, FoxP3+ 
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Phänotyp: CD3+ CD4+ CD25+ FoxP3+

FoxP3 Mutation: IPEX Syndrom (immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked)

Ursprung: Thymus (natürlich) oder Peripherie (induziert)

Suppressionsmechanismen:
Zytokinsekretion: IL-10, TGFβ

IL-10-/- Mäuse: Colitis

Block der Co-Stimulation durch CTLA-4
IL-2 “Verbrauch” durch IL-2Rα (CD25, hoch-affiner IL-2R)

3. Regulatorische T-Zellen



a.) Inhibitory cytokines include IL-10, IL-35 and TGFβ. 
b.) Cytolysis includes granzyme-A- and granzyme-B-dependent and perforin-dependent killing
c.) Metabolic disruption includes high-affinity CD25 (IL-2 receptor )-dependent cytokine-deprivation-mediated 
apoptosis, cAMP-mediated inhibition, and CD39- and/or CD73-generated adenosine receptor 2A-mediated 
immunosuppression.
d.) Targeting dendritic cells (DCs) includes mechanisms that modulate DC maturation and/or function such as 
lymphocyte-activation gene 3 (LAG3; also known as CD223)–MHC-class-II-mediated suppression of DC 
maturation, and cytotoxic T-lymphocyte antigen-4 (CTLA4)–CD80/CD86-mediated induction of indoleamine 2,3-
dioxygenase (IDO), which is an immunosuppressive molecule made by DCs.

Treg suppression mechanisms



4. Suppression durch Antikörperfeedback
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Fig 12-21

261ANTIBODY FEEDBACK: REGULATION OF HUMORAL IMMUNE RESPONSES BY Fc RECEPTORS

The importance of Fc!RIIB-mediated inhibition is 
demonstrated by the uncontrolled antibody production 
seen in mice in which the gene encoding this receptor 
has been knocked out. A polymorphism in the Fc!RIIB 
gene has been linked to susceptibility to the autoimmune 
disease systemic lupus erythematosus in humans.

B cells express another inhibitory receptor called 
CD22, which is a sialic acid–binding lectin; its natural 
ligand is not known, nor is it known exactly how CD22 
is engaged during physiologic B cell responses. However, 
knockout mice lacking CD22 show greatly enhanced B 
cell activation. The cytoplasmic tail of this molecule con-
tains ITIM tyrosine residues, which, when phosphory-
lated by the Src family kinase Lyn, bind the SH2 domain 
of the tyrosine phosphatase SHP-1. SHP-1 removes phos-
phates from the tyrosine residues of several enzymes 
and adaptor proteins involved in BCR signaling and thus 
abrogates B cell activation. A mouse strain called moth-
eaten, which develops severe autoimmunity with uncon-
trolled B cell activation and autoantibody production, 
has a naturally occurring mutation in SHP-1. Conditional 
deletion of SHP-1 as well as the engineered loss of Lyn in 
B cells leads to a breakdown of peripheral B cell tolerance 
and the development of autoimmunity.
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FIGURE 12-21 Regulation of B cell activation by Fc!RIIB. A, Antigen-antibody complexes can 
simultaneously bind to membrane Ig (through antigen) and the Fc!RIIB receptor through the Fc portion of the 
antibody. B, As a consequence of this simultaneous ligation of receptors, phosphatases associated with the 
cytoplasmic tail of the Fc!RIIB inhibit signaling by the BCR complex and block B cell activation.

   In humoral immune responses, B lymphocytes are 
activated by antigen and secrete antibodies that act 
to eliminate the antigen. Both protein and non-pro-
tein antigens can stimulate antibody responses. B 
cell responses to protein antigens require the contri-
bution of CD4+ helper T cells specific for the antigen.

   Helper T cell–dependent B cell responses to pro-
tein antigens require initial activation of naive T 
cells in the T cell zones and of B cells in lymphoid 
follicles in lymphoid organs. The activated lym-
phocytes migrate toward one another and interact 
at the edges of follicles, where the B cells present 
the antigen to helper T cells.

   Activated helper T cells express CD40L, which en-
gages CD40 on the B cells, and the T cells secrete 
cytokines that bind to cytokine receptors on the 
B cells. The combination of CD40 and cytokine 
signals stimulates B cell proliferation and differ-
entiation.

   Stimulation of activated B cells at extrafollicular 
sites by helper T cells leads to the formation of 

SUMMARY



4. Suppression durch Antikörperfeedback
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Der hohe Antikörperspiegel blockt weiter B-Zell Aktivierung

IgG + Antigen Immunkomplex inhibiert B-Zell function durch 
binding zu FcγRIIb

(IgM + Antigen Immunkomplex fördert weitere B-Zell 
Aktivierung!)



5. Anti-idiotyp Antikörper
Netzwerk Hypothese (Niels Jerne): Suppression durch AntikörperAnti-idiotype antibodies



5. Anti-idiotyp Antikörper

Funktion:

Suppression von B- und T-Zellen

Bildung des funktionellen Gedächtnis

Biologisches mimicry 
(insulin – anti-insulin – anti-anti-insulin)



6. Rheumafaktor (RF)

RF: Antikörper (v.a. IgM, aber auch IgG, IgA, IgE) gegen
IgG (Fc-Fragment, alteriert, z.B. fehlende Galactose )

Latex-Agglutination




