Grundlagen der
Immunologie

Erbliche und erworbene
Immundefekte
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Gruppen der Immundefizienzen
Erbliche

Defizienz von Phagozyten
Defizienz von Komplementen
Kombinierte Defizienzen (SCID)
T-Zell-Defizienzen
B-Zell-Defizienzen

. Erworbene

Maligne Erkrankungen (Tumoren, besonders Erkrankungen der
Blutbildung)

Systemerkrankungen (autoimmune Krankheiten, Sarcoidose)
Infektionskrankheiten/AIDS

medikamentose [mmunsuppression (z.B.: autoimmune Krankheiten,
Transplantation)

Strahlensyndrom
Mangelernahrung
Verbrennungen
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Allgemeine klinische Symptome

sich standig wiederholende Infektionen
Haut-, Schleimhautrétungen
chronischer Durchfall

Ermudbarkeit

Hepato-Splenomegalie

Autoimmunitat

Chronische Osteomyelitis



Diagnostik

Anamnese, vor allem die Infektionen
Familiengeschichte wegen erblicher Defekte
Hohe, Gewicht und Entwicklung des Kindes
Reaktion auf Impfungen

Labordiagnostik:

T-, B -, NK-Zell-Funktionen, Neutrophil-
Funktionsteste, Komplement-Assays

Genetischer Hintergrund




Hintergrund der Immundefekte
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Erbliche Immundefekte

1. Angeborene Immunitat



,Haufige ” zellulare Immundefizienzen der
angeborenen Immunitat

Granula— Defekte der Granulozyten/Monozyten
Intrazellulare Totungsdefekte

Storungen der Adhésion und der Chemotaxis
(LAD)

Defekte der NK-Zellen

Komplementsystem-Defekten




Erbliche Immundefekte

2. Spezifische Immunitat



* meistens rezessive Krankheiten
« X -gekoppelt

X - gekoppelte chronische Granulomatose (CGD)

Properdinmangel
Wiskott-Aldrich Syndrome (WAS)
CD43-gekoppelte Adhisionsdefizienz

X-gekoppeltes Defekt SCID (severe combined
Immune deficiency)

X-gekoppelte Agammaglobulinimie (XLA)

Btk- Mangel, blockierte Ig-leichte-Kette-
Rearrangierung

X-gekoppelte Hyper-lgM-Syndrome (XHM)

q




Schwere kombinierte Immundefekte
(SCID)

T- und B-Zell-Defekte

Allgemeine erhohte Anfalligkeit fur
Infektionen im 3-6 Monat

Atemwege, Gastrointestinaltrakt, Haut

weder Thymus noch Lymphknoten noch
Tonsillen sind nachwelisbar



Hintergrund von SCID

*ADA - Mangel (Adenosindesaminase)
*PNP - Mangel (Purinnucleotidphosphorylase)

« X-gekoppeltes Defekt — Defekt der gemeinsamen y-Kette
mehrerer Zytokinrezeptoren (IL-2, IL-4, IL-7, IL-9, IL-15)

« Autosomale SCID - fehlerhafte DNA- Reparatur
 RAG-1-, RAG-2-Defizienz (Omenn’s Syndrom)

« ZAP-70-Defizienz
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Figure 1 Lymph node of 2 +/? control has numerous, prominent follicles with germinal centers
(A, B) while the scid/scid littermate has only a small, rudimentary lymph node consisting
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DiGeorge-Syndrom




B-Zell-Defizienzen

Erhohte Infektionsanfalligkeit (Atemwege) fur
extrazellulare Bakterien
(pyrogene=eitererregende) Bakterien mit
Polysacharidhulle (H. influenzae, S. pneumoniae)

Beispiele:
> Variables Immundefeki - MHC-gekoppelt,
gestorte IgA- und IgG-Produktion

> X-gekoppelie Agammaglobulinamie (Bruton) -
Verlust der Btk-Tyrosinkinase, keine B-Zellen
(Reifungsblock im Pra-B-Zell-Stadium)



B-Zell-Defizienzen

Xagekoppelce Hyper IgM syndromes
Hyper-lgV-Syndrorme —
fehlerhaftes CD40-
Ligand,

kein Isotypenwechsel

Selekiiver lgA-Mangel — MHC-gekoppelt, keine
Synthese, Infektionen der Atemwege,
Frequenz: 1/400!

IgA-



Erworbene Immundefekten

HIV-Infektion

und der Pathomechanismus von AIDS



Epidemiologie (WHO)

People living
with HIV

New HIV
infections
(total)

New HIV
infections

(aged 15+ years)

New HIV
infections
(aged 0-14
years)

AIDS-related
deaths

People
accessing
antiretroviral
therapy

HIV resources

2000 2005 2010 2015 2016 Bl 2023
*june2021
255 million | 28.6 million | 31.1 milion | 34.6 million | 35.3 million 35.9 million 36.6 million 37.2 million 37.7 million 39 Million
[20.5 million— | [23.0 million— | [25.0 million— | [27.7 million— | [28.3 million— | [28.8 million— | [29.3 million— | [29.8 million— | [30.2 million— (33.1-
30.7 million] | 34.3 million] | 37.3 million] | 41.4 million] | 42.2 million] | 43.0 million] | 43.8 million] | 44.5 million] | 45.1 million] 45.7 M)
2.9 million 2.4 million 2.1 million 1.8 million 1.7 million 1.7 million 1.6 million 1.5 million 1.5 million 1.3
[2.0 million— | [1.7million— [1.5 million— | [1.3 million— | [1.2 million— [1.2 million— [1.1 million— [1.1 million— [1.0 million— Millionen
3.9 million] 3.4 million] 2.9 million] 2.4 million] 2.4 million] 2.3 million] 2.2 million] 2.1 million] 2.0 million] (1.0-1.7)
2.3 million 2.0 million 1.8 million 1.6 million 1.5 million 1.5 million 1.4 million 1.4 million 1.3 million
[1.6 million— | [1. 4 million- | [1.3 million— | [1.1 million— | [1.1 million— | [1.0 million— | [1.0 million— | [960 000- [910 000-
3.2 million] 2. 7 million] 2.5 million] 2.2 million] 2.1 million] 2.1 million] 2.0 million] 1.9 million] 1.8 million]
130 000
520 000 480 000 320000 190 000 190 000 180 000 170 000 160 000 150 000
[340 000- [310 000- [210 000- [130 000- [120 000- [120 000- [110 000- [100 000- [100 000—
820 000] 750 000] 510 000] 300 000] 290 000] 280 000] 260 000] 250 000] 240 000]
1.5 million 19milion | 1.3milion | 900 000 850 000 800 000 750 000 720 000 630 000 630 000
[1.1 million— | [1.3 million— | [910 000— [640 000— [600 000- [570 000— [530 000- [510 000- [480 000-
2.2 million] 2.7 million] 1.9 million] 1.3 million] 1.2 million] 1.2 million] 1.1 million] 1.1 million] 1.0 million]
27.5 million 29.8

560 000 20milion | 7.8milion | 17.1 milion | 193 milion | 215 milion | 231 milion | 25.5 million [2276'75 ”Tl'l',""”'f Millionen
[560000- | [2.0 milion— | [6.9 milion— | [14.6 million— | [16.6 milion— | [19.6 million— | [21.9 million— | [24.5 million— | 27+ Milion]
560 000] 2.0million] | 7.9milion] | 17.3million] | 19.5million] | 21.7 milion] | 23.4 million] | 25.7 million] | *28.2 million
US$ 5.1 US$ 9.3 US$ 16.6 US$20.3 US$ 20.7 Us$ 223 US$ 22.0 US$ 21.6 Uss$ 21.5 20.8
billion billion billion billion billion billion billion billion billion Billionen

available**




Regionale Statistik (WHO - Dez 2018)

Regional HIV and AIDS statistics and features | 2018

Adults and children
living with HIV

Adults and children
newly infected with HIV

Adult and child
deaths due to AIDS

i 20.6 million 800 000 310 000

Eastern and southern Africa [18.2 million—23.2 million] [620 00010 million] 230 000400 D00}
; 5.0 million 280000 160 000

Western and central Africa [4.0 million—8.2 million] [120 000420 000} [110 00220 000}
: ; 240000 20000 5400
Middle East and North Africa [160 COD—320 000] [8500—40 00} [4200—14 000}
, - 5.9 million 310 000 200 000
Asia and the Pacific [5.1 million—7. 1 million] 270 000-350 000} [160 000280 D00)
; ; 1.9 million 100 000 35 000
Latin America [1.6 million—2.4 million] [78 000—120 000] [25 D004 000
; 340 000 16 000 6700
Caribbean 260 000380 000} [11 DOD-24 00O} [5100-2100]
- 1.7 million 150 000 38 000

Eastern Europe and central Asia [1.5 million—1.2 million] [140 000160 DOC] [28 DOD—48 DO0]
Western and central Europe and 2 2 million 68 000 13 000
North America [1.9 million—2.4 million] [58 D00—77 D00 [8400—16 000}
37 .9 million 1.7 million 770 000

TOTAL

[32.7 million—24.0 million]

[1.4 million—2.3 million]

[570 000—1.1 million]



Epidemiologie
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Ubertragung
Ubertragung durch Korperfliissigkeiten:
» Blut
« Samenflussigkeit
* Vaginalsekret
* Muttermilch

« durch Plazenta



HIV

« HIV-1 (weltweit - mehr virulent) / HIV-2 (Westafrika, Indien —
geringer virulent)

 Retrovirus, Lentivirus

* infiziert CD4 T-Zellen, dendritische Zellen und
Makrophagen

reverse
transcriptase

Figure 11-21 Immunobiology, 6/e. (© Garland Science 2005)



HIV-Rezeptoren
Gpl20-Rezeptor =

DC-SIGN: ,,dendritic cell specific intercellular adhesion

molecule 3 (ICAM-3) grabbing non-integrin” (Bindung von HIV an
diesen Rezeptor erfolgt keinen Viraleintritt)

Ko-Rezeptoren =

— dendritische Zellen, Makrophagen, CD4 T-Zellen -
— vorzugsweise durch
Geschlechtsverkehr ubertragen

— aktivierte T-Zellen —



Rolle der Kemokinrezeptoren in HIV-Infektion

Virus
membrane

gpdi

gp120 CD4 =P .

Chemokine
Variable//’y receptor ’_’,\,—’/
loops binding site alp
[
1
Cell rnembrane/ v U' UJJ "_J

CCRS5 or
CXCR4

gp41 helical
domains

N A

|
e gp41 fusion D
peptide

In: Farida Shaheen and Ronald G. Collman: Co-receptor antagonists as HIV-1
entry inhibitors (Current Opinion in Infectious Diseases 2004, 17:7-16)



Transport von HIV zu lymphatischen Geweben
- Das ,,Trojanische Pferd”

Dendritic cells that have

Intraepithelial dendritic cells HIV is internalized into :
bind HIV using DC-SIGN early endosomes tmﬁ’sr?;f f_l"t\(; tlgné%t‘\‘ r_:_o:;lss
#
#ur

(d

n?

“®

Figure 11-22 Immunobiology, 6/e. (© Garland Science 2005)

-geschichtetes squamoses Epithel (Vagina, Penis, Zervix, Anus) —

die intraepithelische DC ( ) =Virustransfer zu den Lymphknoten
seinschichtiges Epithel (Rektum, Endozervix) —

Exprimierung an Epithel — Virustransfer zu submukosalen DC + T-Zellen



HIV-Genom

vpr rev

gag | vif

LTR | | LTR
Gen Genprodukt / Funktion
gag (gruppenspezifisches Antigen) Proteine fur Viruskern und — matrix
pol (Polymerase) Reverse Transkriptase, Protease und Integrase
env (Virushulle) Transmembranglykoproteine gp 120 und gp 41
tat (Transaktivator) Transkriptionsverstarker
rev (Regulator der viralen Expression) Ermoglicht Export von teilgespleiter und
ungespleiSter Transkripte aus dem Zellkern

vif (Infektiositat des Virus) Beeinflusst Infektiositat der Viruspartikel
vpr (virales R-Protein) DNA-Transport in den Zellkern; erhoht

Virusproduktion; halt Zellzyklus an

vpu (virales U-Protein) Stimuliert intrazellularen Abbau von CD4
Verstarkt Virusfreisetzung durch die Membran

nef (negativer Kontrollfaktor) Verstarkt Virusreplikation in vivo und in vitro
Abwartsregulation von CD4 und MHC-I|




HIV-Replikation 1.

Viral envelope fuses with| | Reverse transcriptase !
cell membrane allowing | [copies viral RNA genome B cl\gﬂzl :r?dNig ?n':teerfat o
viral genome to enter into double-stranded into host DN Ag
the cell cDNA s b

Virus particle binds to
CD4 and co-receptor
onT cell

gp120

viral RNA
genome

1=

—t

> W, viral cDNA i> N 'Jl>

% cos
W \3/
/ co-receptor

transcriptase

provirus

___—___mﬂ'_——

cell
membrane  Cytoplasm

Nucleus chromosomal DNA

Figure 11-23 Immunobiology, 6/e. (© Garland Science 2005)




HIV-Replikation 2.

T-cell activation induces
low-level transcription
of provirus

RNA transcripts are multiply
spliced, allowing translation
of early genes fat and rev

Tat amplifies transcription

of viral RNA. Rev increases

transport of singly spliced
or unspliced viral
RNA to cytoplasm

The late proteins Gag, Pol,
and Env are translated and
assembled into virus
particules which bud
from the cell

::::::::2::::::::::::::::::::

A — F 9pl60
Ao — 0 Pol
-"W\—'dpGag

Figure 11-25 Imi

12005)

HIV-Viren sammeln sich vor dem Verlassen der

L

Immunzelle an der Membran


http://upload.wikimedia.org/wikipedia/commons/f/fb/Virus_infecting_lymphocytes.gif

Immunantwort gegen HIV

Immune response to HIV

Antibodies against HIV Env

HIV-specific CTL

Antibodies against HIV p24

Infectious virus in plasma
0-1

4-8 weeks 2-12 years 2-3 years years

Figure 11-29 Immunobiology, 6/e. (© Garland Science 2005)

Problem: Th-Aktivierung lost Virusreplikation aus!
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Stadieneinteilung der HIV-
Infektion

klinische Kategorien

CD4+ T-Zellzahl A B C
> 500/l Al B1 C1
200 - 499/l A2 B2 C2

< 200/ul A3 B3 C3

Die griine Buchstaben entsprechen des AIDS Krankheitsbildes



Todesursachen bei AIDS-Kranken

Main symptoms of

« Parasiten: Toxoplasma, AIDS

Cryptosporidium,Leishmania, Nem.ogi_c;ﬂ_ﬁ
Microsporidium Mengtis =
- Bakterien: Mycobacterium- Eyes— g’
Stamme, Salmonella-Stamme y
* Viren: HSV, CMV, VZV I

- Tuberculosis
(multiple organs)
- Tumors

Skin
- Tumors

Gastrointestinal

Kaposi-Sarkom
Non-Hodgkin-Lymphome chronic darrhes

EBV-positive Burkitt-Lymphome f
primare Lymphome des Gehirns



http://upload.wikimedia.org/wikipedia/commons/6/6b/Symptoms_of_AIDS.svg

Diagnostik der HIV-Infektion

Algorithm 2{A) Laoborgtory diagnosis of HIY infection for adults
(odapted from protocol of Public Health Laboratory Cenire, Centre for
Heaolth Frotection, Deparfment of Health)

Specimen

Twao different HIV antigen and
antibody combined ELISA test
(4™ generation HIV sereening test)

Megative

Both assavs positive or Discrepant result
equivecal between the two
tests
Negative

3" ELISA test

Positive or
equivocal

¥ '

h

Western Blot

Report as negative

\ If necessary

- HIV-2 Western Blot
- line immunoblot

L J

Final Result




Therapeutische Moghlichkeiten
(HAART)

RINADIN A Inhibit reverse
hyhrid transcription

snliMA

Reverse
transcriptase

Q“
I-'Iuddl “Ih
Inhibit

Maturation

protease



I TABLE 19-5 S0OME ANTI-HIV DRUGS IN CLINICAL USE

CGeneric name (other names)

Typical dosage

Some potential side effects

Reverse transcriptase inhibitors: Nucleoside analog

Didanosine { Videx, ddl)
Lamivudine {Epivir, 3TC)
Stavudine { Zerit, d4T)
Zalcitabine (HIVID, ddC)
Zidovudine (Retrovir, AZT)

Pill containing lamivudine
and zidovudine {Combivir)

2 pills, 2 times a day on
emply stomach

1 pill, 2 times a day

1 pill, 2 times a day

1 pill, 3 times a day

1 pill, 2 times a day

1 pill, 2 times a day

Mausea, diarrhea, pancreatic inflammation,
peripheral neuropathy

Usually none

Peripheral neuropathy

Peripheral neuropathy, mouth inflammation,
pancreatic inflammation

MNausea, headache, anemia, neutropenia {reduced
levels of neutrophil white blood cells), weakness,
insomnia

Same as for zidovudine

Delavirdine (Rescriptor)

Nevirapine { Viramune)

4 pills, 3 times a day
(mixed into water);
not within an hour of
antacids or didanosine

1 pill, 2 times a day

Reverse transcriptase inhibitors: Nonnucleoside analogues

Rash, headache, hepatitis

Rash, hepatitis

Protease inhibitors

Indinavir {Crixivan)

Nelfinavir (Viracept)

Ritonavir (Marvir)

Saquinavir {Invirase,
a hard-gel capsule;
Fortovase, a soft-
el capsule)

2 pills, 3 times a day on
empty stomach or with
a low-fat smack and
not within 2 hours
of didanosine

3 pills, 3 times a day
with some food

& pills, 2 times a day
for 4 pills, 2 times a
day if taken with
saquinavir) with food
and not within 2
hours of didanosine

& pills, 3 times a day
tor 2 pills, 2 times a day
if taken with ritonavir)
with a large meal

Kidney stones, nausea, headache, blurred vision,
dizziness, rash, metallic taste in mouth, abnormal
distribution of fat, elevated triglyceride and
cholesterol levels, glucose intolerance

Diarrhea, abnormal distribution of fat, elevated
triglyceride and cholesterol levels, glucose
intolerance

Mausea, vomiting, diarrhes, abdominal pain,
headache, prickling sensation in skin, hepatitis,
weakness, abnormal distribution of fat, elevated
triglyceride and choelesterol levels, glucose
intolerance

Mawsea, diarrhea, headache, abnormal distribution
of fat, elevated triglyceride and cholesterol
levels, glucose intolerance

SOURCE: G Bartlett and RIF Moore, 1998, lmproving HIV therapy, So A 27901 :87.

HO NS

N=N=N
Azithothymidin (AZT)


http://upload.wikimedia.org/wikipedia/commons/3/32/Zidovudine.svg

Antiretroviral therapy (2002-2009)

I North Africa and the Middle East I East, South and South-East Asia
Europe and Central Asia B Latin America and the Caribbean I Sub-Saharan Africa

Millions

End 2002 End 2003 End 2004 End 2005 End 2006 End 2007 End 2008 End 2009

U NAI DS £ & & c!%““‘g, World Health
B Saan WE#Y Organization

HOHNT URITED RATIONS PROCARAMME QN HIV/ADE = e —



Liganden von Kemokinrezeptoren hemmen

M-tropic HIV

Cell
membrane

Entry of M-tropic
HIV strains

HIV- Aufnahme in die Zielzellen

Entry of
M-tropic HIV strains
blocked

T-tropic HIV

Entry of T-tropic
HIV strains

Entry of
T-tropic HIV strains
blocked




‘ CD4+  .se. = p Dendritic
Primary infection Teal WidE X \cell,
of cells in blood, ( /; 0*:
mucosa o - \-._\ =

Drainagé to

Der Verlauf der

. : f Q;’/ @ |
- Infection established / G FJ
in lymphoid tissues, | & T
— n e I O n e.g., lymph node "-.\ e
Acute HIV syndrome, [_f
spread of infection |Viremia
throughout the body

‘Vf'

! Anti-HIV HIV-specific
antibodies CTLs

Immune response I

Partial control of
viral replication

Establishment of chronic infection;

— | | virus trapped in lymphoid tissues
Clinical latency _ || by follicular dendritic cells;
low-level viral production

Other

microbial ==
infections; :
cytokines

Increased viral
replication

Dez. 1

Destruction of lymphoid
AIDS I tissue; depletion of
‘ CD4+ T cells

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com


http://www.msnbc.msn.com/id/34125838/ns/health-aids/?GT1=43001

Die Nobelpreistrager in Physiologie /
Medizin 2008

Harald zur Hausen Francoise Luc Montaigner

Deutschland Barré-Sinoussi Erankreich

Frankreich
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