Basic immunology

Congenital and acquired
immundeficiencies



Groups of immundeficiencies

l. Congenital

1) Phagocyte cell deficiencies

2) Complement deficiencies

3) Severe combined immundeficiency syndrome (SCID)

4) T — cell deficiencies

5) B - cell deficiencies

Il. Acquired

1) Malignant transformations (tumors, especially diseases of the
hematopoetic system

2) Systemic diseases (autoimmun e disease, sarcoidosis)

3) Infectious diseases/AIDS

4) Medication caused immunsuppression (autoimmune diseases,

transplantation
5) Malnutrition
6) Burn




General clinical symptoms

Recurrent infections

Skin and mucosa inflammation
Chronic diarrhea

Tiredness
Hepato-splenomegaly
Autoimmunity

Chronic osteomyelitis



Diagnostics

Anamnese, focusing on infections
Familiar anamnese for inborn defects
Body height, weight, development
Response for vaccination

Labordiagnostics:

Tests for T-, B -, NK-cell and neutrophil functions,
Complement-assay

Genetic background



Groups of congenital
©

stem cell

@ Myeloid
£ progenitor

Ly mpl'u_}id @* (SCID)

immundeficiencies

Reticular dysgenesis

Severe combined
immunodeficiency

Congenital ~ progenitor \_~—
agranulocytosis HEN cell cell

Innate immune
deficiencies

Chronic

o (SR

Lenkooyte-adhesion

deficiency X-linked

agammaglobulinemia

B - cell
deficiencies

Common variable
hypogammaglobulinenia

T- and B - cell

Mature
B cell

deficiencies
X-linked
hyper-lgM syndrome

Selective
immunoglobulin deficiency

T — cell
deficiencies

Plasma cell

e

7 Nv:utmphu] \.Q Monocyte C:)pﬂ B cell '@ { Pre-T cell

SEvVere
comhbined
IO -
deficiency

Bare-lymphocyte
syndrome

_ Mature T cell

Wiskott-Aldrich

syndrome

=%

Memory B cell



Most frequent immundeficiencies
of innate immunity

Granulocyte/monocyte granulum- defects
Intracellular killing defects

Chemotaxis, adhesion defects

PAMP/TLR- defects

NK-cell defects



Defects of adhesion and chemotaxis




Chediak — Higashi syndrome

Chédiak-Higashi Syndrome
Defective gene: LYST

The lysosome in cells is
responsible for degrading proteins
to their constituent amino acids.
Materials from the cytoplasm of
the cell need to be transported
(trafficked) into the lysosome
incduding proteins to be degraded
and enzymes used to mediate this
degradation. LYST protein plays
an uncdlear role in regulating this
trafficking but is dearly necessary
© for normal lysosome function.

Marc E. Tischler, PhD
Dept of Chemistry &
Biochemistry
Univ of Arizona

Normal Cells

Lyosome trafficking
regulator[LYST]

| Cell materials |

: i
‘I Mutation of the LYST gene results in

| impairment of the normal lysosome
' role causing disruption of lysosome
size, structure and function.
Lysosomes become abnormally large
and interfere with other normal cell
functions. Ocular abnormalities
include hypopigmentation causing
the iris to have transillumination
defects with patients being
photophobic and often suffering
from nystagmus.

Mutated Cells




NK-cell - deficiency

Antibodies
bind antigens
on the surface
of target cells

NK cell CD16
Fc receptors
recognise cell-
bound antibodies

Cross-linking of
CD16 triggers
degranulation into
a lytic synapse

Tumour cells
die by
apoptosis
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Complement - deficiencies

C1-, C2-, C4-deficiencies — immuncomplex depositions

C3-deficiency— Infection caused by encapsulated pyogenic bacteria
Pneumococcus, Streptococcus or Hemophilus

Terminal component (MAC) deficiencies - systemic Neisseria
infections

Lectin — pathway —deficiencies — microbial infections in the
childhood (6-18 months).

Following immunsuppression, in autoimmune disease or AIDS can
occurs as secunder defects in adults.

Deficiency of MBL is quite frequent, but the infection rates are not
higher in the involved patients.



Complement- deficiencies

C1-inhibitor- deficiency (hereditary angioneurotic oedema)
Incidency:2/100,000.

Defects of C1-esterase-inhibitor (C1-INH). Regulator protein of the classical
pathway. C1-INH is not an enzyme; inhibits the initation of several cascade
system (fibrinolysis, kinin-kallikrein system, complement).

Symptoms: abdominal pain, diahrrea, oedema-airway obstruction

HMW-Kininogen Bradykinin

C2b-Kinin

www.immundefekt.de




Most frequent immundeficiencies

of adaptive immunity
 Usually recessive genetic diseases

« X -=linked diseases
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Sever combined immunedeficiencies
(SCID)

T- and B-cell defects

* Higher risks for infection in 3-6 months
old

* In SCID the skin, airways and
gastrointestinal tracts are affected

 The thymus, lymph nodes, tonsilles are
not detectable



Background of SCID

* Defects of Enzymes involved in nucleotide
synthesis (ADA — adenosindesaminase, PNP —
purinnucleotidephosphorilase)

« X-linked defects — defects of common cytokine
receptor gamma chain (IL-2, IL-4, IL-7, IL-9, IL-15)

* Autosomal SCID — DNA repair defects
* RAG-1-, RAG-2- deficiency (Omenn’s syndrome)
« ZAP-70- deficiency
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Treatment of ADA-SCID

Bacterium carrying Klug & Cummings 1997
plasmid with cloned normal ~ Genetically disabled (Klug E :
human ADA gene retrovirus
i i
‘ Cloned ADA gene is
T cells incorporated into virus
with disabled ADA gene i

isolated from SCID patient Genetically altered

cells are reimplanted,
produce ADA
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T cells, transfers @
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Retrovirus infects @ @
@

ADA genetocells  alls are grown
in culture to ensure

@1 ADA gene is active



“bs-22a%.« DiGeorge- syndrome

 The embryological defects of 3. and 4.
pharingeal arches

 Embryological defects of thymus epithel

 Developmental defects of other organs
(parathyroids)

Defects in T-cell development



B- cell deficiencies

X-linked Hyper IgM syndromes
Hyper-lgM syndrome

* Defects of CD40 ligand,
* No isotype switch
X-linked
Agammaglobulinaemia

- Few B cells

* Defects of Btk

(Bruton tyrosine kinase)

Selektive IgA deficiency

« MHC-coupled, no IgA synthesis,
« Airway infections,

* Frequency: 1/400!



* X-linked

Low Ig production, defects in T cell activaﬁoh
*Defects in the glycosilation of CD43
* Thrombocytopenic purpura

*Cytoskeletal defects of T-cells and platelets
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Il. Secondary immundeficiencies
HIV-AIDS




People living with HIV

New HIV Infections
{total)

New HIV infections
(aged 15+)

New infections
(aged 0-14)

AlDS-related deaths

People accessing
treatment

Resources available for
HIV (low- and middle-
income countries)

Epidemics (WHO)

2000 2005 2010 2011 2012 2013 2014 2015/(2016%)
28.9 million 31.8 million 33.3 million 33.9 million 34.5 million 35.2 million 35.9 million 36.7 million
[26.5 million— | [20.4 million— | [30.8 million— | [31.4 million— | [31.9 million— | [32.6 million— | [33.3 million— | [34.0 million—
31.7 million] 34.5 million] 36.1 million] 36.7 million] 374 million] 38.1 millien] 38.9 million] 39.8 million]
3.2 million 2.5 million 2.2 million 2.2 million 2.2 million 2.1 million 2.1 million 2.1 million
[2.9 million— [2.3 million— [2.0 million— [1.9 million— [1.9 million— [1.9 million— [1.9 million— [1.8 million—
3.5 million] 2.8 million] 2.5 million] 2.5 million] 2.4 million] 2.4 million] 2.4 million] 2 4 million]
2.7 million 2.1 million 1.9 million 1.9 million 1.9 million 1.9 million 1.9 million 1.9 million
[2.5 million— [1.8 million— [1.7 million— [1.7 million— [1.7 million— [1.7 million— [1.7 million— [1.7 million—
3.0 million] 2.3 million] 2.1 million] 2.2 million] 2.2 million] 2.2 million] 2.2 million] 2.2 million]
490 000 450 000 290 000 270 000 230 000 200 000 160 000 150 000
[430 000- [390 000- [250 000- [220 000- [190 000- [160 000- [130 000- [110 000-
560 000] 510 000] 350 000] 330 000] 290 000] 250 000] 220 000]
1.5 million 2.0 million 1.5 million 1.4 million 1.4 millien 1.3 million 1.2 million 1.1 million
[1.3 million— [1.7 million— [1.2 million— [1.2 million— [1.2 million— [1.1 million— [950 000— [940 000—
1.8 million] 2.3 million] 1.7 million] 1.7 million] 1.6 million] 1.5 million] 1.4 million] 1.3 million]
18.2 million
[16.1 million—
19.0 million]
770000 2.2 million 7.5 million 9.1 million 11 million 13 million 15 million (*June 2016)
[680 000- [1.9 million— [6.6 million— [8.0 million— [9.6 million— [11.4 million— | [12.2 million- N
300 000] 2.2 million] 7.8 million] 9.5 million] 11.4 million] 13.5 million] 15.6 million] | 17 million
[15.0 million—
17.7 million]
(end 2015)
4.8 billion 9.4 billion 15.9 billion 18.3 billion 19.5 billion 19.6 billion 19.2 billion 19 billion




Regional statistics (WHO - 2015 Dec)

People New HIV infections AIDS- Total
living with related number
HIV deaths accessing
(total) (total) antiretroviral
therapy

Exxtarmn amd 19.0 million 960 000 910 000 56 000 470 000 10 million
S e Afica [17.7 million— [B30 000— [790 000— [40 000— [390 000

20.5 million] 1.1 million] 1.1 million] 76 000] 560 000]
Lt Anesca i 2.0 n'll_lll-CII'l 100 000 100 000 2100 50 000 1.1 million
ok faa b [1.7 million— [86 000— [84 DOO- [1600- [41 0D0-

2.3 million] 120 000] 120 000] 2900] 59 000]
s T 6.5 million 410 000 350 000 66 000 330 000 1.8 million
Africa [5.3 million— [310 000- [270 000- [47 000— [250 000-

7.8 million] 530 000] 450 000] 87 000] 430 000]

5.1 million 300 000 280 000 19 000 180 000 2.1 million
PUEERELGRGERET T [4.4 million— [240 000- [220 000- [16 000— [150 00O-

5.9 million] 380 000] 350 000] 21 000] 220 000]
Eastem Eurons and 1.5 million 190 000 190 000 = 47 000 320 000
central Asia P [1.4 million— [170 000— [170 DOO— D [39 000-

1.7 million] 200 000] ~3@9 000] / 55 000]

™

Middle East and 230 000 21 000 19 000 2100 12 000 38 000
ot A [160 000- [12 000- [11 000— [1400- [8700-

330 000] 37 000] 34 000] 3200] 16 000]
Western and central pEIyllI.]] 91 000 91 000 - 22 000 1.4 million
Europe and North [2.2 million— [89 000 [88 000 [20 000—
America 2.7 million] 97 000] 96 000] 24 000]




Regional epidemics
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HIV

e lentivirus

« Capable of latent long-term infection
 Two subtyes : HIV-1 (common), HIV-2 (rare)

reverse

transcriptase

Figure 11-21 Immunobiology, 6/e. {E) Garland Science 2005)
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© Elsevier 2005, Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com



HIV receptors
« CD4 -gp120

« Chemokine receptors
— CXCRA4 - T cell trophic virus
— CCRS - macrophage trophikus virus

 DC-SIGN: dendritic cell specific intercellular
adhesion molecule 3 (ICAM-3) grabbing non-

integrin (Binding of HIV virus to DC-SIGN does
not result direct viral entry)



The role of DC-s
HIV infection

Intraepithelial dendritic cells HIV is internalized into :
bind HIV using DC-SIGN early endosomes tgﬁ;?etre ﬂut\? tlgné%z"}'ogjlss

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



Genome of HIV

env

vif

vpr
tat

Integration of viral DNA into host cell genome; binding site for host transcription factors
Mucleocapsid core and matrix proteins
Reverse transcriptase, protease, integrase, and ribonuclease

Viral coat proteins (gp120 and gp41) mediating CD4 and chemokine receptor binding and
membrane fusion

Enhances infectivity of viral particles

Fromotes nuclear import of viral DNA; G, cell cycle arrest

Required for elongation of viral transcripts

Promotes nuclear export of incompletely spliced or unspliced viral RNAs
Down-regulates host cell CD4 expression and enhances release of virus from cells

Down-regulates host cell CD4 expression and enhances release of virus from cells;
down-regulates host cell class | MHC expression

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com




The life cycle of HIV 1.

w0 HIV virion

4 -CD4
- | =;_ Host cell
Chemoking = . membrane
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HIV f
membrane
gp4t—___
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T cell
membrane - [-.]
CCRS/ .-
CXCR4 —
HIV gp120 binds | |Conformational change | |Conformational change Fusion of viral and
to T cell CD4 in l§;|:|1211i promotes in gp41 exposes fusion cell membranes
binding to chemokine || peptide, which inserts
receptor into T cell membrane

i€ Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com
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Humoral amd cellular immunity
against HIV

T Anti-envelope
antibody
ki
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@ Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com



Clinical categories

CD4+ T cell numbers A B C
> 500/ul Al B1
200 - 499/ul A2 B2

<200/l



Complications in AIDS

Opportunistic infections:

* Parasites: Toxoplasma,
Cryptosporidium,Leishmania, Microsporidium

* Bacteria: Mycobacteria strains, Salmonella strains

* Viruses: HSV, CMYV, VZV T e
Neurologic -
- Encelphgllitis
TumorS: - Meningitis P -
. &
Kaposi-sarcoma Y etiniti -
Vs
Non-Hodgkin-lymphoma Lungs :
- Pneumocystis

EBV-positive Burkitt lymphoma::::..

(multiple organs)

Lymphoma in the CNS R

Skin
- Tumors

Gastrointestinal———

- Esophagitis § A

- Chronic diarrhea =
- Tumors :.‘ = M



Current therapeutic approaches

RNA-DNA Inhibit reverse
transcription

ssiRMA

Reverse
transcriptase

l’-'ll::-idi-ng

Maturiation



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

Generic name (other names) Typical dosage Some potential side cffects

Reverse transcriptase inhibitors: Nucleoside analog

Didanosine { Videx, ddl) 2 pills, 2 times a day on MNausea, diarthea, pancreatic inflammation,
emply stormach peripheral neuropathy

Lamivudine {Epivit, 3TC) 1 pill, 2 times a day Usually none

Stavudine {Zerit, d4T) 1 pill, 2 times a day Peripheral neuropathy

Zaleitabine (HIVID, ddC) 1 pill, 3 times a day Peripheral neuropathy, mouth inflammation,
pancreatic inflammation

Zidovudine (Retrovir, AZT) 1 pill, 2 times a day Mausea, headache, anemia, neutropenia {reduced
levels of neutrophil white blood cells), weakness,
insomnia

Pill containing lamivudine 1 pill, 2 times a day Same as for zidovudine

and zidovudine {Combivir)

Reverse transcriptase inhibitors: Nonnucleoside analogues

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

Nevirapine { Viramune) 1 pill, 2 times a day Rash, hepatitis
Protease inhibitors
Indinavir {Crixivan) 2 pills, 3 times a day on Kiclney stones, nausea, headache, blurred vision,
empty stomach or with dizziness, rash, metallic taste in mouth, abnormal
a low-fat snack and distribution of fat, elevated triglyceride and
nat within 2 hours cholesterol levels, glucose intolerance
of didanosine
Nelfinavir (Viracept) 3 pills, 3 times a day Diarrhea, abnormal distribution of fat, elevated
with some food triglyceride and cholesterol levels, glucose
intolerance
Ritenavir { Norvir) 6 pills, 2 times a day MNausea, vomiting, diarrhea, abdominal pain,
ior 4 pills, 2 times a headache, prickling sensation in skin, hepatitis,
day if taken with weakness, abnormal distribution of fat, elevated
saquinavir) with food triglyceride and cholesterol levels, glucose
and not within 2 intolerance
hours of didanosine
Saquinavir {Invirase, & pills, 3 times a day MNausea, diarrhea, headache, abnormal distribution
a hard-gel capsule; tor 2 pills, 2 times a day of fat, elevated triglyceride and cholesterol
Fortovase, a soft- if taken with ritonavir) levels, glucose intolerance
el capsule) with a large meal

SOURCE: [G Bartlett and BRI Mooree, 1998, Improving HIV therapy, Sol A, 279011087,

HO N O

N=N=N
Azithothymidin (AZT)




Antiretroviral therapy (2002-2009)

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

Millions

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

@ UNAIDSE £. (@) o veait

JOHMT URITED MATIONS PROGAAMME BN WiV AI0E



Chemokine ligands can inhibit the binding of
HIV to the target cells

M-tropic HIV M-tropic HIV T-tropic HIV T-tropic HIV

\ ".‘.rx#' B
MIP-1a, MIP-15,
or RANTES

membrane
Entry of M-tropic Entry of Entry of T-tropic Entry of
HIV strains M-tropic HIV strains HIV strains T-tropic HIV strains

blocked blocked
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