Imunski sistem

Imunski sistem ScCiti organizem pred tujki — telesu tujimi snovmi. Najbolj poznani tujki so tisti
ki povzrocajo bolezni - bakterije, virusi, glive, paraziti (enocelicnimi evkarionti in helminti). V
osnovi pa lahko imunski sistem sprozi Se veliko drugih telesu tujih snovi.
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conditions; Infecti?l{s diseases, Infectious diseases Annval deaths
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Nalezljive bolezni so Se vedno eden poglavitnih vzrokov smrti v svetu.



Nalezljive bolezni

Newly emerging diseases

Re-emerging diseases  |Lyme disease —

Cryptosporidiosis

Vancomycin-resistant —
S.aureus

Multidrug-resistant tuberculosis

Cyclosporiasis

E.coliO157:H7

Cryptosporidiosis Diphtheria SARS
vCJD Typhoid ot Var.\comycin-
West Nile virus fever resistant
Cholera S.aureus
R E.coli

0157:H7

H5N1

/ influenza
Human
monkeypox Drug-resistant
malaria
Vancomycin-
Whitewater resistant
arroyo virus ; —
Hantavirus e Nipah virus
pulmonary : Hendra virus
syndrome % ’ p3
Enterovirus 71
Dengve \ Hepatitis C
Rift Valley fever

Cholera ‘ Lassa fever :'V y

Yellow fever — uman monkeypox

i Yellow fever Plague \-Ebola
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syndrome Cholera hemorrhagic fever
Figure 18-14
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Imunski sistem

[ IMUNSKI SISTEM ]

A4 v

PRIROJENA IMUNOST PRIDOBLJENA IMUNOST
(nespecificna) (specificna)

\ 4 N ¥ v

Telesne bariere Notranja zascita Celicna Humoralna
(protitelesa)




Imunski sistem

TABLE 1-3 Comp?r|s<.>n of innate and
adaptive immunity
Innate Adaptive
Response time Hours Days
Specificity Limited and Highly diverse;
fixed improves during the
course of immune
response
Response to Identical to Much more rapid than
repeat infection primary response primary response
Major components Barriers (e.g., skin); Lymphocytes;
phagocytes; antigen-specific
pattern recognition receptors;antibodies
molecules

Table 1-3
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Pridobljena imunost

Temelj pridobljene imunosti je specificno prepoznavanje molekul, ki jih v imunologiji
imenujemo antigeni.

Tiste antigene, ki so sposobni sproziti imunski odziv, imenujemo imunogeni.

Dobri imunogeni so predvsem proteini in polisaharidi, medtem ko so nukleinske kisline, lipidi
in majhne molekule slabi imunogeni.

Antigene prepoznavajo protitelesa. Lahko pa jih prebavijo tudi fagociti in predstavijo drugim
celicam imunskega sistema.

Protitelesa prepoznajo del antigena, ki mu reCemo epitop.



Protitelesa

Protitelesa so molekule iz druzine imunoglobulinov. Najpogostejsa protitelesa pri ¢loveku so
imunoglobulini G (1gG). Zgrajena so iz dveh tezkih verig (po Stiri domene) in dveh lahkih verig
(po dve domeni), ki so med seboj povezane z disulfidnimi vezmi.

(B) Interchain
disulfide
Light chain bonds
N C

Heavy chain




Protitelesa

Vsako protitelo 1gG vsebujeo dve vezavni mesti za enak (isti) antigen. Vezavno mesto tvorita
N-konéni variabilni domeni lahke in tezke verige. Zaporedja variabilnih domen se med
protitelesi razlikujejo, s Cimer se ustvari zmoznost prepoznavanja raznolikih antigenov. V
telesu imamo protitelesa, ki lahko prepoznajo cca. 10! razlicnih antigenov. Preostale,
konstantne domene so pri vseh protitelesih istega razreda enake.

Antigen

, Antigen-binding sites «

/NN

Hinge Hinge




Razredi protiteles

Hinge
region
. J chain
poglavitni tip Ig
v mleku, slini,
solzah, mukusu

Figure 4-17
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drug najpogostejsi v serumu in prvi, ki se
sintetizira, visoka valenca



Interakcija protitelo-antigen

Prepoznavanje antigena poteka preko komplementarnosti povrSin med protitelesom in
antigenom ter ugodnih interakcij med obema.

Antigen Antibody

Figure 4-13
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Interakcija protitelo-antigen

Prepoznavanje antigena poteka preko komplementarnosti povrsin
antigenom ter ugodnih interakcij med obema.

ANTIGEN ANTIBODY

p
—CH,—OH ¢« 0 =C —CH,—CH,—Hydrogen bond
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o 4
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Figure 6-1
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med protitelesom in



Interakcija protitelo-antigen

Specificnost interakcije  protitelo-antigen v
laboratoriju pogosto uporabljamo za detekcijo
dolocenega proteina v mesanici proteinov (npr.
celicnem lizatu). Osnovno metodo v ta namen
imenujemo western prenos.

Proteine po locbi na NaDS PAGE prenesemo na
porozno membrano pod vplivom elektricnega
toka. Nato membrano inkubiramo s protitelesi, ki
se bodo specificno vezala le na svoj antigen.

Ko bomo membrano inkubirali s substratom, bo
encim, ki je konjugiran s protitelesom, substrat
pretvoril v obarvan (ali kako drugace zaznaven)
produkt, tako da bomo na membrani dobili
madezZe na mestih, kjer je vezano protitelo.

Add SDS-treated protein
mixture to well of gel

Electrophorese in
SDS-polyacrylamide gel

Direction
of
Protein antigens migration

denatured in SDS

Remove gel and

perform electrotransfer

)
Sge

Electric /—»
current

Bind antigen of interest

with enzyme-linked
antibodies

™ Porous
membrane
l sheet

okl

3

Add substrate to

activate color reaction l

\

Figure 6-12
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Interakcija protitelo-antigen

Interakcijo protitelo-antigen lahko uporabimo tudi za doloCevanje koncentracije specificnega antigena v
vzorcu. Najpogosteje uporabljano metodo imenujemo ELISA. Princip delovanja je podoben kot pri
western prenosu, le da poskus izvajamo v raztopini. Poznamo vec izvedb metode (na sliki sta dve

osnovni).

(a) Indirect ELISA
"ﬁg ~
—3 R ¢ S
wash wash wash
Antigen- Add specific Add enzyme- Add substrate (S)
coated well antibody to be conjugated and measure
measured secondary color
(b) Sandwich ELISA antbody
— —> — VEILS
wash S Z 3 z wash wash S
u ———— 4 — \S 2
Antibody- Add antigen Add enzyme- Add substrate
coated well to be measured conjugated and measure

secondary antibody color



Celice imunskega sistema

Hematopoietic  Krvne celice nastajajo v kostnem mozgu.

stem cell

nahajajo se v tkivih, posredniki med
prirojeno in pridobljeno imunostjo

Self- )

renewing
naravne
— ® — jpara
‘ f o celice ubijalke
Myeloid Lymphoid Natural killer
progenitor progenitor (NK) cell
celice pomagalka
anulocyte- T-cell celice ubijalke
mpnocyte progenitor progenitor
; Tc cytotoxic T cell
granulociti <— F
Eosinophil -T— prOtitEIesa
progenitor
B-cell
progenitor _ Becell

oade Dendritic cell

ePD® g

Platelets ; \/

Megakaryocyte celice pridobljene imunosti
@ _
Erythrocyte
Erythroid progenitor limfociti ... T, B in NK
e T levkociti ... limfociti, monociti, granulociti
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Organi imunskega sistema

Primarni limfoidni organi:

kostni mozeg
prizeljc

Sekundarni limfoidni organi:

Bezgavke

Vranica

Limfoidna tkiva ostalih organov
(¢revesna, podkozna, itd.)

PR Adenoids
A Tonsil
, Thoracic duct

Left subclavian

vein
Right /ff?
lymphatic
duct v/ Lymph
Thymus | nodes

!\‘ Peyer's patches
N L~ Bone marrow
{ Small intestine

rge

intestine

Appendix

lk Tissue
\ , lymphatics

Figure 2-11
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Ekstravazacija levkocitov

Ena temeljnih skupnih lastnosti levkocitov je njihova sposobnost ekstravazacije — prehoda iz
krvnega obtoka v tkivo.

Rolling and extravasation

2 3 4
‘ Rolling ?Activation Arrest/ ?Transendothelial migration

adhesion

Endothelium

Figure 3-7a
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Prirojena imunost — fizicne bariere

Organ or tissue Innate mechanisms protecting skin/epithelivm

Skin Antimicrobial peptides, fatty acids in sebum

Movuth and upper Enzymes, antimicrobial peptides, and sweeping of

alimentary canal surface by directional flow of fluid toward stomach
Skin ———— Stomach Low pH, digestive enzymes, antimicrobial peptides,

fluid flow toward intestine

Small intestine Digestive enzymes, antimicrobial peptides,
fluid flow to large intestine

Large intestine Normal intestinal flora compete with invading
microbes, fluid/feces expelled from rectum

Cilia sweep mucus outward, coughing, sneezing
expel mucus, macrophages in alveoli of lungs

Airway and lungs

Epithelial lining of
airway and lung

Epithelial lining of
alimentary canal

Stomach

Large
intestine

Small
intestine

Rectum

Figure 3-1
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Celice prirojene imunosti

Poglavitni tipi celic prirojene imunosti in njihovo delovanje:

Cell type Neutrophils Macrophages Dendritic cells Natural killer cells
Function | Phagocytosis Phagocytosis Antigen presentation Lysis of viral-infected
Reactive oxygen Inflammatory Costimulatory cells
and nitrogen mediators signals Interferon
species Antigen presentation Reactive oxygen Macrophage activation
Antimicrobial Reactive oxygen and species
peptides nitrogen species Interferon
Cytokines Cytokines
Complement proteins
Figure 3-12
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Prirojena imunost

Followed by
secretion of
inflammation-

Pathogen-associated

Phagocytes
(neutrophils,

macrophages)

PAMPs recognized
by pattern recognition

receptors (PRRs) /

Phagocytosis

promoting

cytokines and
chemokines

Opsonization
promotes ¢
phagocytosis

Innate initiation of adaptive response

* Dendritic cell PRRs
recognize PAMPs

* Microbial antigens
displayed on class |
and Il MHC molecules

* Dendritic cells migrate
to lymph nodes

* Antigen presentation
and costimulation
mobilizes adaptive
response

T cell

Figure 3-4
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binding \(
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Pathogen

Opsonized
pathogen
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peptides

C-reactive .
protein (CRP) & g
Complement

protens Membrane

damage kills
pathogen

CRP, MBL, complement
proteins activate complement

Complement destroys
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inflammation, attracts
neutrophils and other
cells




Fagocitoza

S,

~ Bacterium becomes
attached to membrane
evaginations called
pseudopodia

Bacterium is ingested,
forming phagosome

Phagosome fuses with
lysosome

Lysosomal enzymes
digest captured material

Digestion products are
released from cell

Figure 3-6b
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Prosti radikali

Celice prirojene imunosti generirajo reaktivne kisikove in dusikove zvrsti, ki poskodujejo
mikroorganizme:

Antimicrobial species generated from oxygen and nitrogen

Reactive oxygen species (ROS) NADPH

0, ( id lon) phagosome Superoxide
2 \sHparoxiae anion oxidase dismutase Myeloperoxidase 5
OH: (hydroxyl radical) o, >0, > H,0, > HCIO
H,0, (hydrogen peroxide) Oxygen Superoxide Hydrogen Hypochlorite
ClO™ (hypochlorite anion) anion peroxide
crr
Chloride
ion
Reactive nitrogen species (RNS) > ONOO™
S Peroxynitrite
NO (nitric oxide)
NO, (nitrogen dioxide) NO > NO,
ONOO" (peroxynitrite) Nitric oxide Nitrogen dioxide
Figure 3-13
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Antimikrobni peptidi

Peptide

I[.:]83xEyl Some antimicrobial peptides

Typical producer species*

Typical microbial activity*

Defensin family
a-Defensins

[B-Defensins

Cathelicidins
Magainins
Cercropins
Drosomycin

Spinigerin

Human (found in paneth cells
of intestine and in cytoplasmic
granules of neutrophils)

Human (found in epithelia and
other tissues)

Human, bovine
Frog

Silk moth

Fruit fly

Termite

Antibacterial

Antibacterial

Antibacterial
Antibacterial; antifungal
Antibacterial

Antifungal

Antibacterial; antifungal

*In many cases, production of the indicated antimicrobial peptide or family is not limited to the typical producer but is produced by many differ-
ent species. Also, some members of the indicated peptide or family may have broader antimicrobial activity than the typical one indicated.

Table 3-2
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Tollu podobni receptor;ji

Celice prirojene imunosti generirajo reaktivne kisikove in dusikove zvrsti, ki poskodujejo
mikroorganizme:

Bacterial Gram-positive Gram- Flagellated
parasites bacteriaand negative bacteria
fungi bacteria

CC CC C

w GG
C..j

Vo I i )
0 0 0 0
TLR1 TLR2 TLR2 TLR6 TLR4 TLR4 TLR5 TLR5?
Viral Viral Viral Bacterial
dsRNA ssRNA ssRNA DNA elements
TLR3 TLR?7 TLRS TLR9
Internal
| compartment i
- )

Figure 3-11 part 1
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Tollu podobni receptor;ji

TLRs

Ligands

Target microbes

TLR1

TLR2

TLR3

TLR4

TLR5

TLR6

TLR7
TLR8

TLR9

TLR10,11

Figure 3-11 part 2

Triacyl lipopeptides
Peptidoglycans

GPI-linked proteins
Lipoproteins

Zymosan

Double-stranded RNA (dsRNA)

LPS
F-protein

Flagellin

Diacyl lipopeptides
Zymosan

Single-stranded RNA (ssRNA)
Single-stranded RNA (ssRNA)
CpG unmethylated dinucleotides
Dinucleotides

Herpesvirus infection

Unknown
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Mycobacteria
Gram-positive bacteria
Trypanosomes
Mycobacteria

Yeasts and other fungi
Viruses

Gram-negative bacteria
Respiratory syncytial virus (RSV)

Bacteria

Mycobacteria
Yeasts and fungi

Viruses

Viruses

Bacterial DNA
Some herpesviruses

Unknown



Tollu podobni receptoriji
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Komplement

Komplement je imunski sistem, ki sodeluje tako v prirojeni kot v pridobljeni imunosti. Gre za
kaskado dogodkov, ki v osnovi privede do sestavljanja ,membrane attack complex“-a, Kki
ustvari luknjo v mikrobni celici.

CLASSICAL PATHWAY
Antigen-antibody

Activated
C1 qrzsz é 1 q’Tsz
(C1) c2 |C2b
Cc4 C4b C4b2a C4b2a3b
LECTIN PATHWAY ]C 4a (C3 convertase)/ (C5 convertase)
MBL——> —— Activated C1-like complex c3
MASP 7 o l
A\ 4
Microbial C3 mmsd C3b C5 C5b— — — —C5b6789 (MAC)
icrobia Y A C6 C7 C8 C9
cell wall C3a C5a
C3a B Ba
a2y CBbLL-) C3bBb C3bBb3b
T T (C3 convertase) (C5 convertase)
Microbial Factor D
surfaces
ALTERNATIVE PATHWAY

Figure 7-2
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Komplement

Komplement je imunski sistem, ki sodeluje tako v prirojeni kot v pridobljeni imunosti. Gre za
kaskado dogodkov, ki v osnovi privede do sestavljanja ,membrane attack complex“-a, Kki
ustvari luknjo v mikrobni celici.

Figure 7-12a Figure 7-12b Figure 7-12c
Kuby IMMUNOLOGY, Sixth Edition Kuby IMMUNOLOGY, Sixth Edition Kuby IMMUNOLOGY, Sixth Edition
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Komplement

TABLE 7-1 Initiators of the alternative path-

way of complement activation

PATHOGENS AND PARTICLES OF MICROBIAL ORIGIN

Many strains of gram-negative bacteria
Lipopolysaccharides from gram-negative bacteria
Many strains of gram-positive bacteria

Teichoic acid from gram-positive cell walls

Fungal and yeast cell walls (zymosan)

Some viruses and virus-infected cells

Some tumor cells (Raji)

Parasites (trypanosomes)

NONPATHOGENS

Human IgG, IgA, and IgE in complexes

Rabbit and guinea pig IgG in complexes

Cobra venom factor

Heterologous erythrocytes (rabbit, mouse, chicken)
Anionic polymers (dextran sulfate)

Pure carbohydrates (agarose, inulin)

SOURCE: Adapted from M. K. Pangburn, 1986, in Inmunobiology of the
Complement System, G. Ross, ed., Academic Press, Orlando.

Table 7-1
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© 2007 W.H.Freeman and Company




Humoralna imunost

Poglavitne celice humoralne veje pridobljene imunosti so limfociti B. Vsak limfocit B proizvaja
eno specificno protitelo. MirujoCe celice vsebujejo na membrano vezano obliko protitelesa
(IgM ali IgD), ki deluje kot celi¢ni receptor. Ob stiku z antigenom zacnejo proizvajati in izlocati
topno obliko protitelesa.

B cel I Antigen- Surface antibody Soluble antibody

binding
site /

Disulfide
bonds

Light chain
Antigen-
binding / Heavy chain
receptor

Plasma membrane

(antibody)

2:07 W.H. Freemarl\ and Company Figure 1-
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Celice imunskega sistema

Limfociti B nastajajo in zorijo v kostnem
mozgu. Diverziteta protiteles se ustvarja z
rekombinacijo na nivoju DNA. Poleg
receptorjev limfocitov T je to edini primer
rekombinacije DNA v somatskih (ne spolnih)
celicah ¢loveskega telesa.

V kostnem mozgu se z negativno selekcijo
odstranijo limfociti B, ki prepoznaju telesu
lastne antigene.

Naivni limfociti B, ki zapustijo kostni mozeg,
so kratkoZivi. Ce se ne aktivirajo ob stiku z

antigenom, odmrejo po nekaj dneh do
nekaj tednih.

V telesu je v obtoku okoli 2x108 limfocitov
B, taksen je torej tudi repertoar
razpolozljivih protiteles.

ANTIGEN-INDEPENDENT PHASE
(maturation)

Progenitor
B cell lg-gene

rearrangement
—_— e O

CD45R Selection
(B220)
surface

Bone marrow
marker

~5 X 10° per day
ANTIGEN-DEPENDENT PHASE

(activation and differentiation)

Naive

Bcell 2 \
iag @}
Ty celll(~1o%)

Cell death

Activated ~ (~90%)
B cell @
Class Affinity
switching | maturation
Plasma /¥ @

] Memory

cell
7y Secreted | B cell
L’ }S\ib\\»“ Ab

Peripheral lymphoid organ

Figure 11-1
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Aktivacija limfocitov B

Aktivacija limfocitov B ob stiku z antigenom sprozi njihovo delitev in razvoj v plazmatke, ki
proizvajajo protitelesa ter spominske celice. Aktivirane plazmatke lahko ¢asovno odvisno
izloCajo razli¢ne tipe protiteles (najpogosteje najprej IgM, kasneje 1gG), ni pa to nujno.

Small, naive
B lymphocyte
Gy

Effector cell G,
(i.e., plasma cell)

Memory cell G,

Cycle repeats
Antigen activation
induces cell cycle
entry

G,
(gene activation)

Lymphoblast S
(DNA synthesis)

Figure 2-6a
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Delovanje protiteles

Izloena protitelesa se veZejo na antigen. Ce gre za
bakterije, se le-te lizirajo preko komplementa (tako
IgG kot IgM aktivirajo komplemement) ali pa usmerijo
v fagocite. Podobno velja za druge antigene.

Bacterium

Complement
activation _

CR1

Fcreceptor —
C3b

Phagocyte

Nucleus

Figure 7-13a
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Erythrocyte
CR1—* 4 ¥

LIVER
AND
SPLEEN

Phagocyt

Figure 7-15
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Imunoloski spomin

Spominske celice, ki nastanejo pri aktivaciji limfocitov B in T, so nosilke imunoloskega
spomina. To pomeni, da bo ob vsakem naslednjem stiku z antigenom imunski odziv nanj
mnogo hitrejsi kot ob prvem stiku. Spominske celice so dolgozive.

. Antigen A gacondar
Antigem:A + antigen B j,ti-A Y
Primary
anti-B

response

response

Primary anti-A
response

Serum antibody level

i i 111 | |
0 14 "0 6 14
Time, days

Figure 1-13
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Imunoloski spomin

Spominske celice, ki nastanejo pri aktivaciji limfocitov B in T, so nosilke imunoloskega
spomina. To pomeni, da bo ob vsakem naslednjem stiku z antigenom imunski odziv nanj
mnogo hitrejsi kot ob prvem stiku. Spominske celice so dolgozive.

.S MEE N Comparison of primary and secondary antibody responses

Property Primary response Secondary response

Responding B cell Naive B cell Memory B cell

Lag period following antigen Generally 4-7 days Generally 1-3 days
administration

Time of peak response 7-10 days 3-5days

Magnitude of peak antibody Varies depending on antigen Generally 100-1000 times higher
response than primary response

Isotype produced IgM predominates early in the response IgG predominates

Antigens Thymus dependent and thymus Thymus dependent

independent
Antibody affinity Lower Higher
Table 11-4
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Nacini aktivacije limfocitov B

(a) TI-1 antigen (b) TD antigen

B cell

Figure 11-7
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I:I-MUEYE Properties of thymus-dependent and thymus-independent antigens

Tl antigens

Property TD antigens Type 1 Type 2
Chemical nature Soluble protein Bacterial cell- wall Polymeric protein antigens;
components (e.g., LPS) capsular polysaccharides
Humoral response
Isotype switching Yes No Limited
Affinity maturation Yes No No
Immunologic memory Yes No No
Polyclonal activation No Yes (high doses) No
Table 11-2

Kuby IMMUNOLOGY, Sixth Edition
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Limfociti T

Limfociti T nastajajo v kostnem mozgu in zorijo v prizeljcu. Poznamo dva osnovna podtipa:
celice pomagalke (TH), ki imajo regulatorno vlogo v pridobljeni imunosti, in celice ubijalke, ki
ubijajo spremenjene telesu lastne celice (tumorske ali okuzene z virusi). Oba tipa celic imata
enak receptor T celic, razlikujeta pa se v pomoznih receptorijih.

Ty cell Tc cell
TCR CD4 TCR CD8

oxm
§1%
]



Limfociti T

Glede na vrsto koreceptorja limfociti T, in T. prepoznajo antigene predstavljene na molekulah
MHC razredov Il oz. I.

Antigenic
® peptide

Ty cell

Class |
MHC

Class I
MHC

“ T-cell
receptor
CD8

Ty cell

) cD4 Virus-infected cell Antigen-presenting cell

Figure 1-11
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Poglavitni histokompatibilnostni kompleks

Poglavitni histokompatibilnostni kompleks sestavljajo receptorji na celi¢ni povrsini, na katere
so vezani peptidi, pridobljeni s hidrolizo lastnih ali tujih proteinov. Molekule razreda | so
prisotne na prakti¢no vseh vrstah celic, molekule razreda Il pa le na antigen prezentirajocih
celicah.

Class | molecule Class Il molecule
Peptide-binding

cleft SN
o | : 1B
Membrane-distal _ S
domains
Membrane-proximal o3 B>- B2
domains microglobulin

(Ig-fold structure)

Transmembrane
segment

Cytoplasmic tail

Figure 8-3
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Poglavitni histokompatibilnostni kompleks

CYTOSOLIC PATHWAY
* Ubiquitin
ATP TAP
Endogenous ———— Cytoplasmic = Peptides > Endoplasmic = Peptide-class |
antigens proteasome reticulum MHC complex
complex

Exopeptidases . Amino

“ acids
ENDOCYTIC PATHWAY
Exogenous - Endocytic compartments ——> Peptides > Peptide-class I
antigens Endocytosis MHC complex
or
phagocytosis
Figure 8-17
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Celice imunskega sistema

(a) Class 1 MHC (b) Class Il MHC

Figure 8-7
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Antigen prezentirajoce celice

Antigen prezentirajoCe celice prebavijo tuje proteine in jih prezentirajo na svoji povrsini. S
tem aktivirajo pridobljen imunski sistem.

LIRS Bl Antigen-presenting cells

Professional antigen- Nonprofessional antigen-

presenting cells presenting cells

Dendritic cells Fibroblasts (skin) Thymic epithelial

(several types) cells

Macrophages Glial cells (brain) Thyroid epithelial

cells

B cells Pancreatic beta Vascular endothelial

cells cells

Table 8-3
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Antigen prezentirajoce celice

Prezentacija na makrofagih/DC:

Pseudopodia

Antigenic peptide/
°°°o class Il MHC

Exocytosed degraded material

Figure 2-8b
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Prezentacija na limfocitih B:

- Antigen

Clathrin-
coated

Recycling :
of receptors vesicle :@
Early endosome ‘
pH 6.0-6.5 /\
=
———
Golgi complex Late endosome
pH 5.0-6.0

Figure 8-21
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Zorenje limfocitov T

Limfociti T nastanejo v kosthem mozgu

in dozorijo v prizeljcu.

T-cell precursor

lRearrangement of TCR genes

_-CD8
/,CD3

Immature

thymocyte ~CD4
Positive selection of Death by apoptosis
cells whose receptor of cells that do not interact
binds MHC molecules with MHC molecules

Class | and/or class Il
MHC molecules

Epithelial
cell

Negative selection and death of
cells with high-affinity receptors
for self MHC or self MHC +

self antigen

CD4+ CD8*

Qe

Tycell Tecell

Mature CD4+or
CD8*Tlymphocytes

Dendritic cell

Figure 10-6
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Celice pomagalke

Celice pomagalke imajo regulatorno vlogo v
pridobljeni imunosti. Poznamo vel podtipov (v
tabeli desno sta dva najpogostejsa). Njihova
prisotnost je potrebna za aktivacijo naivnih celic
ubijalk in limfocitov B ter nekaterih drugih celic.

Njihovo delovanje poteka preko receptorja T celic,
koreceptorjev. na membrani ter izloCanja
primarnih obvescevalcev, imenovanih citokini, ki
imajo raznolike ucinke na razlicne celice.

Citokine izlocajo tudi druge celice imunskega
sistema, zlasti makrofagi.

TABLE 12-4

THZ subsets

Cytokine secretion and principal
functions of mouse Tl and

T,1 T2
CYTOKINE SECRETION
IL-2 + =
IFN-y ++ -
TNF-B ++ -
GM-CSF ++ +
IL-3 Sty ot
IL-4 - ++
IL-5 = =
IL-10 - ++
IL-13 = ++
FUNCTIONS
Help for total antibody production + ++
Help for IgE production - ++
Help for IgG2a production ++ +
Eosinophil and mast-cell production - ++
Macrophage activation ++ -
Delayed-type hypersensitivity ++ -
T-cell activation Srar -

Immunology Today 14:270.

SOURCE: Adapted from F. Powrie and R. L. Coffman, 1993,

Table 12-4
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Celice ubijalke

Citotoksi¢ni limfociti T in naravne celice ubijalke ubijajo taréne celice po enakem mehanizmu.
Razlikujejo se le po nacinu prepoznave celice.

CTL-target-cell

Gisnle conjugate

CTL
cytoplasmic

@ rearrangement
5] >

Conjugate
formation

CTL granule
exocytosis

CTL izloc¢i perforin, ki naredi poro v
membrani tarCne celice. Skozi njo
vstopijo v celico grancimi, ki sprozijo
apoptozo.

apoptoza lahko tudi preko Fas
liganda (na povrsini CTL)

Figure 14-6
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Celice ubijalke
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Figure 14-9a
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Celice ubijalke

(a) Fas pathway (b) Perforin/granzyme pathway

J-L\Fas
Ued

~~FADD

Granzyme B
Perforin

(20) e

Q8
* AN
$8

Endocytosis
Perforin 7~
pore forms
o
@ o Granzyme B exits vesicle in
Procaspase-8 perforin-dependent process
(inactive) J
" g \

Caspase-8 _, _, Mitochondria

(active)
Released
e cytochrome ¢
Procaspase-3 l
(inactive)
|—daspase) "«»‘, —é)
Caspase-3 5
(active) 7 Apaf-1
Apoptosis Active Procaspase-9
substrates apoptotic
effectors
Apoptosis

Figure 14-11
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Vnetje

Lokalen vnetni odziv — na mestu okuzbe oz. poskodbe

oteklina (tumor)
rdecica (rubor)
toplota (calor)
bolecina (dolor)

izguba funkcije Qo &« Histamine

& ~ Prostaglandins i
Re—

(min PO Oklﬁbi) *— Leukotrienes

Chemotaxis
Chemo \
2-3 ure po W‘ C3a, C5a
v 7

okuzbi Chemokines ‘C\Sba
IL-1, IL-6, TNF-o 6é——
Prostaglandins &—

Leukotrienes

niso
nujno
prisotni

Figure 13-13
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Celice imunskega sistema

Sistemski odziv akutne faze

.
, — Prostaglandins =E Fever
Hypothalamus l

(via pituitary)
ACTH

Adrenal cortex

&nicosteroids

Acute-phase proteins: |

Local acute IL-1, TNF-o
inflammatory > C-reactive protein (CRP)
response IL-6; LIF, OSM P Serum amyloid A (SAA)
Liver Fibrinogen
Mannose-binding protein
Complement components
M — Leukocytosis
d cells)
Bone marrow
(1T CSF by
stromal cells and CRP se vede na
macrophages) . . .
. mikroorganizme in
Figure 13-14
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Alergije

Alergic¢ne reakcije imajo vse lastnosti humoralnega odziva. Alergen povzrodi sintezo protiteles IgE, ki se
vezejo na receptorje na mastocitih (granulocitih v tkivih) in bazofilcih. Ob naslednjem stiku z alergenom
se ti receptorji aktivirajo, mastociti pa izloCijo granule s histaminom.

Allergen

vazodilatacija
kréenje gladkih misic

vas.oaCt've.-;.{f-'.Smooth muscle cell
l amines i

/ \ Fc receptor
for IgE

Allergen S:mall blood vessel

" Mucous gland

: Blood platelets

i

j Sensory nerve
~ endings

Eosinophil

Memory cell Plasma cell> Sensitized mast cell Degranulétion’f:

y “\ir(f/%/ Allergen-

specific
IgE

Figure 15-2
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Alergije

Alergije uvrs¢amo med reakcije imunske preobcutljivosti. Lahko so lokalizirane ali sistemske.
Lahko so smrtno nevarne.

Sistemska anafilaksa — izzove jo alergen, ki je vneSen direktno v kri ali pa se absorbira iz
Crevesja ali preko koze. Pride do anafilakticnega Soka, ki je lahko smrten — sistemska
vazodilatacija (padec krvnega tlaka) in kontrakcija gladkih miSic (smrt zaradi zadusitve).

Alergeni, ki lahko izzovejo anafilakticen Sok: piki zuzelk, antibiotiki, morska hrana, orescki.

Anafilakticen Sok lahko preprec¢imo/omilimo s takojsnjim odmerkom epinefrina (nevtralizira
ucinek histamina in pospesi sréni utrip).

Lokaliziranim alergijskim reakcijam, ki so dedno pogojene, reCemo atopicne. Prizadenejo
vsaj 20% populacije v zahodnem svetu. Primeri:

atopicni dermatitis — alergijski izpuscaj na kozi.

alergije na hrano — imunski odziv v prebavilih, bruhanje in diareja

astma — lahko je alergijska (sprozi jo alergen) ali pa intrinzicna (sprozi jo npr.
telovadba, hladen =zrak), degranulacija mastocitov v dihalih povzrodi
bronhokonstrikcijo, izloCanje sluzi, edem, vnetje.



Reakcije na transfuzijo krvi — skupina krvnih antigenov ABO

Galactose

Lipid or protein

Fucose N-Acetylglucosamine

Ce prejemnik dobi kri, ki vsebuje
antigene, proti katerim ima prejemnik
protitelesa, pride do hemolize.
Antigeni krvne skupine ABO

O antigen .. v . .
povzrocajo takojsnjo hemolizo
N-Acetylgalactosamine /Galactose (pokaze se v nekaj urah), ker so
protitelesa Ze prisotna v krvi.
A antigen B antigen
Blood-group Antigens on erythrocytes Serum antibodies — Igl\/l protitelesa

Genotype phenotype (agglutinins) (isohemagglutinins) proizve dena proti

o b ; s podobnim epitoporn

AB AB AandB None crevesnih bakterij

00 o None Anti-A and anti-B

Figure 15-13b
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Reakcije na transfuzijo krvi — skupina krvnih antigenov ABO

THE ABO BLOOD GROUP

Cinnacicne!

fnti-B Anti - ﬂ?,
{"’Q‘L"""f | et Group A | Group B |Group AB|Group 0
v"'“Pl:l:u:"lidc and 1% .' “op ;|'llv. :Iidc' and s i
=SS ey
Red blood |4 -
cell type
Antlbodu?s LR
A presen Anti-B_| Anti-A_| None |ani8 ang Anti-A
Antigens
present A antigen|B antigen|AandBanigensy None




Rh antigeni

Sistem Rh antigenov je drugi najpomembnejsi sistem Cloveskih krvnih skupin. Sestavljen je iz 50 razli¢nih
antigenov, od katerih je najpomembnejsSi antigen D — RhD. Pri RhD pozitivnih ljudeh je antigen prisoten v
membrani eritrocitov (gre za integralni membranski protein), pri RhD negativnih ljudeh pa ne.
Protitelesa proti RhD antigenu naravno niso prisotna v krvi Rh™ ljudi. Rh skupina je tako kot ABO skupina

pomembna pri transfuziji krvi.

Anti-B Anti-D  Control  Blood type

. . ‘ : ‘ O-positive
‘ . . ‘ O-negative
HOD@
@ . . . A-negative
. ‘? ‘ B-positive
0200

(‘5_-@_ (:\ ‘:}\ AB-positive
\~°

("') ‘nl . . AB-negative

(an ﬂ\y

r' & ' ‘/ ‘*p

biNA  Not valid

Donor

Type O- O+ B- B+ A- A+ AB- AB+

w0 606066666

Recipient
3

¥
Ll gl g i gl o

Kompatibilnost krvi med donorjem in
prejemnikom



Hemoliticna bolezen ploda in novorojencka — Rh faktor

DEVELOPMENT OF ERYTHROBLASTOSIS FETALIS (WITHOUT RHOGAM)

Placenta Mother Plasma
Maternal cells
circulation =) 2}%5
4 Anti-Rh
RBCs
with Rh oo i KlgM
antigen
1st Pregnancy Delivery Rh-specific = Memory cell

B cell
o

2nd Pregnancy IgG anti-Rh Ab crosses placenta
and attacks fetal RBCs causing
erythroblastosis fetalis

Figure 15-14
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Avtoimunske bolezni

So bolezni, kjer imunski sistem kot tuje prepozna lastne antigene. Avtoimunske bolezni
prizadenejo 5% do 7% populacije. Pride do poskodb tkiva zaradi delovanja efektorskih
mehanizmov ali do pretirane stimulacije oz. blokade delovanja organa zaradi avtoprotiteles.

Diabetes tipa I. - citotoksi¢ni limfociti T napadejo celice trebusne slinavke, ki sintetizirajo
inzulin, sodelujejo tudi makrofagi in avtoprotitelesa, ki jih proizvedejo limfociti B.

Multipla skleroza — prizadene 0,1% ljudi med 20. in 40. letom. Ima mocno genetsko
komponento. Nastajajo avtoreaktivni limfociti T, ki povzrocajo vnetje mielinske ovojnice
Zivcev.

Revmatoidni artritis - pojavlja se pri 1% prebivalstva in prizadene zlasti zenske med 40. in 60.
letom starosti. Glavni simptom je vnetje sklepov, prizadene pa tudi kri, srce in ozilje ter dihala.
Na molekulskem nivoju je znacCilna tvorba revmatoidnih faktorjev, tj. avtoprotiteles razreda
lgM proti Fc regiji protiteles razreda IgG. Kompleksi IgM-IgG se odlagajo v sklepih.



Imunska pomanjkljivost

Nesposobnost imunskega sistema, da Sciti organizem pred okuzbami ali malignimi celicami.
Povecano tveganje za okuzbe. Je posledica genetske okvare, motnje v razvoju ali delovanja
Zunanjega agensa.

Lahko pride do pomanjkljivosti limfocitov in/ali fagocitov.

Figure 20-6
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Imunska pomanjkljivost

Znaki imunske pomanjkljivosti
povzeto po Drustvu za pomoc otrokom
z imunskimi boleznimi (www.imuno.si)

OOpozorilnih znakov

za primarno imunsko pomanikljivost pri odraslem bolniku

Primarne imunske pomaniklivost prl clrocih s edraslh bolnibh povzrodep peravipjode se okulbe ol chuibe,
ki zo dolgotoine i jh tezko pozdravimo. Fogosinozt primamil menskih pomaniklpvosti je en bokik na 500 ozeb
Ce imate vi ali nekda, ki ga paznate, napmanj dva izmed speda navedenih opazorilnh znakov, se posvetupe z vaiim

zddravnkom ’.5&-1‘- mane prisonostl poesarne munske ;):)vn--HuU'lr

Najmanj dve okuzbi uses v enem lefu.

Najmanj dve okuzbi sinusov v enem letu ob izkljuéeni alergiji.

Ena pliu¢nica leino najmanj dve leti zapored.

Kroniéna driska z izgubo telesne teze.

Ponavljajoce virusne okuzbe (nahodi, herpes, bradavice, kondilomi).
Potreba po intravenskih antibiofikih za zdravljenje okuzb.

Ponavljajoéi se globoki ognojki na kozi ali ognojki v nofranjih organih.

Trdovratni soor ali gliviéne okuzbe na koZi ali drugih mestih.

O 0O N O 0t A O N -

Okuzba z normalno nenevarnimi atipi¢nimi mikobakterijami.

10 Pozitivna druZinska anamneza za primarno imunsko pomanikljivost.

T POMOC OTROMOM

AR IS W TV



Imunska pomanjkljivost

Okuzba z virusom HIV povzroca sindrom pridobljene imunske pomanijkljivosti (AIDS). Virus
HIV okuzi celice pomagalke. Pacient ponavadi umre za priloznostno okuzbo.

Infection of target cell Activation of provirus

ssRNA

RNA-DNA
hybrid

HIV dsDNA

Figure 20-12a Figure 20-12b
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Imunska pomanjkljivost

Okuzba z virusom HIV povzroca sindrom pridobljene imunske pomanijkljivosti (AIDS). Virus
HIV okuzi celice pomagalke. Pacient ponavadi umre za priloznostno okuzbo.
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............... ok k] 0B
o
— £
" 1,000 108 %
£ H
2 2
@ 800 |-
K —10° %
9 CD4Tcells
= /
S 600 ;
-Q oo
c —H10% ©
= g
§ 400} \ -
v HIV viral load .
= —110° -
g 200 - virusno breme —
': i merilo resnosti
& 0 | Ll 111 1 1 | I 102 S oz. stadija okuzbe
(W) 0 6 1271 23 4567 8 91011

Weeks Years

Figure 20-13
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



