IMUNOTOXIKOLOGIE — metody 1
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Imunotoxicita = naruseni rovnovahy fungovani IS

may lead to

Immune-mediated disease
{hypersensitivity, autoimmunity)

A Immunoenhancement

Homeostasis- —

No Effect

Iimmunosuppression

May lead to enhanced susceptibility to disease

Figure 12-1. Potential consequences of immunomodulation.



Priciny imunotoxicity / imunomodulaci

1) Geneticka fixace
2) Vliv prostredi
- ziskané béhem zivota
- Zahrnuji i chemické vlivy — predmét imunotoxikologie

 Dusledky imunomodulaci (imunotoxicity)
— poruseni proti-infekcni a proti-nadorové ochrany
— neschopnost reagovat na vakciny
— imunopatologie (autoimunita, hypersensitivity)

« Imunomodulacni faktory mohou ptsobit ...
— primo na bunky I.S.
— na jiné bunky, které moduluji I.S. (neuroendokrinni rizeni)




Primarni imunodeficience

- PRIMARNI = geneticka fixace

— Casto vazané na X-chromozom (vice ohrozeni M)
— deficity B-bunek a produkce Ab

 neschopnost vyrovnavat se s bakteriemi
— deficity T-bunek

« funkcni poruchy T-bunék

— SCID (Severe Combined ImmunoDeficiencie)
* fada variant: T-B-, T-B+, NK ...
« kratka doba preziti jedincl se SCID




Sekundarni imunodeficience

- Rada faktor( b&hem Zivota
— metabolismus a vyziva
— zareni (vCetné slunecniho)
— Vék
— poranéni (napr. popaleniny)
— chronické infekce
— chemické latky
— stres - spojeni’ s hormonalnim rizenim

. AIDS Replication Cycle of HIV

— zplsoben retroviry - HIV-1, HIV-2
— integrace do genomu

— infikuje CD4+ T-b a nékteré APC .
— dlsledky: selhani IS roaralONA [IES S

« smrt v dlsledku oportunnich infekci
« neobvyklé nadory

uallqjar DNA

@ G} pmiEin synthesis,
mature HIV virion processing and assembly




Imunotoxikologie

. Cast toxikologie

— Zakladni princip: ,Kazda latka je toxicka - o toxicité rozhoduje jen davka"

 Cizoroda latka
— vstupuje do téla, kde prodélava radu déjt, které ovliviuji vyslednou ,davku"

« Toxikokinetika
— Popisuje prijem, distribuce, metabolismus, vylucovani latky v organismu
— Zavisi na povaze latek (velké x malé, hydro- filni x fobni ...)

« Toxikodynamika
— Popisuje mechanismy interakce latek s ,receptory™ (tj. cilovymi misty)
— Receptor v toxikodynamice — jakakoliv biologicky vyznamna molekula
« protein, NK, fosfolipid
— jedna latka mtze mit vice mechanism@ toxicity

« O tom, ktery mechanismus prevazi rozhoduje toxikokinetika
(tj. vysledna koncentrace v misté reakce a pritomnost ,receptor(")

— Priklady toxikodynamickych reakci vimunotoxikologii
- Prima chemicka reakce latky s HMC - vede k strukturni modifikaci MHC = imunomodulace
- Nekovalentni vazba na receptor AhR v brzliku = aktivaci AhR = apoptoza brzliku




Jak Ize prokazat, ze latka pusobi imunotoxicky ?

- 1) Epidemiologické studie

(+) vysoka informacni hodnota - studie s populacemi lidi

(-) nakladné, velka prirozena variabilita ,
- rada kovariant (slunce, leky, stres ...)

» imunotoxicita byla epidemiologicky prokazana pouze
pro nekolik malo skupin latek

dioxiny (PCDD/Fs) a polychlorované bifenyly (PCBs)

Azbest

Olovo

Nékteré pesticidy




Jak Ize prokazat, ze latka pusobi imunotoxicky ?

 2) Laboratorni studie

(+) lepsi definice, nizka variabilita experimentd
Ize hodnotit velké mnoZzstvi parametrd 1.S. soucasné
prostudovana rada chemickych latek

(-) vysledky ,jen" z laboratornich zvirat

,nejednotné" efekty v rliznych védeckych studiich
(rizné davky, rizné doby expozice ...)




Cile imunotoxikologickych studii ?

? Poznani
— vedecka prace imunotoxikologl
— studie rady latek, rlizni védci - rlizné experimentalni pristupy
— Poznavani zakladnich informaci o mozném uUcinku na IS

? Posouzeni skutecnych RIZIKA pro lidi, zvirata
— Co je riziko? (nebezpecnost vs. riziko)
- Riziko = pravdépodobnost, Ze se projevi nebezpecna vlastnost

— latka zabiji T-bunky = nebezpecnost
— latka je skutecné pritomna v toxické koncentraci = riziko

« Pokud existuje riziko
- praktické a ekonomické dopady (rizeni rizika): zakaz vyroby ...

- potreba standardizovanych protokold pro hodnoceni toxicity
(imunotoxicity): viz dale




Standardizace hodnoceni imunotoxicity

« NEEXISTUIJE jednoznacné a komplexni nadnarodni doporuceni
nebo standard (OECD, ISO)

 RUzné postupy/navody pro rtizné skupiny chemickych latek
— Doporuceni pro Humanni léciva (Guidelines Evropske agentury pro
leCiva — EMA)

 studenti znaji principy prostudovat ()

— Zminky v ramci dalSich legislativ, neexistuji jednoznacné postupy
« REACH (prlmyslové chemikalie)
 Legislativa o pesticidech, biocidech

 Vyuzivaji se postupy vyvinuté narodnimi agenturami
— USA

* Food and Drug Administration

 National Toxicology Program (NTP) of National Institute of Environmental
Health and Safety (NIEHS)

— Holandsko
« RIVM - National Institute for Public Health and the Environment




Prakticke testovani imunotoxicity

1) Nejdrive - zjisténi obecné akutni toxicity
(existuji standardy postupu - ISO, OECD ...)

«  Akutni toxicita (24-48 hodin, i.p. aplikace)

Priklad experimentu

—  Kontrolni skupina 10 zvirat preziva: 10

—  Expozice

— - koncentrace 1 5 zvirat preziva: 5

— - koncentrace 4 5 zvirat preziva: 4

— - koncentrace 20 5 zvirat preziva: 2

— - koncentrace 100 5 zvirat preziva: 1

— - koncentrace 500 5 zvirat preziva: 0 100
» Vyhodnoceni LD50

LOEC
(LOAEL)

- Sledovani znamek imunotoxickeho =
pusobeni (ovlivheni krvetvorby, organu...)

0 T T T |
Dose




Prakticke testovani imunotoxicity

2) Stanoveni chronické toxicity

« Chronicka toxicita

« 28 dni

 Pouzité davky - dle akutni toxicity, tedy:
— 1/2 akutni LD50
— LOAEL
— 1/10 LOAEL

« Sledovani béznych toxikologickych parametru a parametrd, které
by indikovali imunotoxikologickeé plsobeni




Prakticke testovani imunotoxicity

3) Specifické testovani imunotoxicit

« Provadi se pokud standardizovane testy toxicity indikuji
iImunotoxicitu

 Detaily — viz dale

Poznamky k praktickym aspektiim testovani
« Nutné jsou in vivo experimenty
— potreba velkého mnozstvi zvirat
— realizace jen v opravnénych pripadech
 Existuji rozhodovaci schémata (viz priklad) - kdy a jak testovat?

e« ?Lze in vivo nahradit in vitro ?
— v nékterych pripadech ANO - viz dale




Figure 1: Flow Diagram for Recommended Immunotoxicity Evaluation

All human pharmaceuticals {non-biclogicals)

!

{2.1) Identify factors to consider

'

(2.2) Weight of evidence (WoE) review

'

WoE review
warrants additional
immunotoxicity
Testing ?

Additional nonclinical
——NO—| immunotoxicity testing
not needed

I
YES

Y

(3.0) Conduct additional immunotoxicity studies

_ Guidlines - EMA




Y
(3.0) Conduct additional immunotoxicity studies

l

(3.4) Significant (3.4 Pt1) Further
changes NO —| mncl_ln_lcal _
observed? immunotoxicity testing
] not needed
|
YES
Y
(3.4) Sufficient (3.4 Pt 3) Further
data for risk nonclinical
assessment/ nsk —YES—# immunotoxicity testing
management? not needed
NO

'

(3.4 Pt 2) Consider further immunotoxicity testing

_ Guidlines - EMA




Device contacts the body
{Refer to Table 1 for types of body contact
and a list of various materials)

l Yes No l

No No additional
Device contains potentially immunotoxicity testing 1s
immunotoxic material > needed * Y
l Yes
[ Y
Device material exactly the same Same body contact and
as in a legally marketed device - . duration as in a legally E—
with nontoxicity supported by Yes marketed device Yes|
data from device manufacturer
and/or in the public domain
No
NO l f 3
Are immunotoxicity data provided based on FDA “Immunotoxicity .

Testing Guidance” and/or other available scientific studies? Yes

lNu

Test for immunotoxicity. Consult reviewer and
immunologistimmunotoxicologist for appropriate tests

http://www.fda.gov/cdrh/ost/ostggp/immunotox.html




Testovani imunotoxicity — ,tiered” approach

» Tier 1 (test chronické toxicity — viz drive)
— aplikace xenobiotika
— sledovani vlivu na obecné a zakladni vlastnosti IS

» Tier 2 (specificka imunotoxicita)
— aplikace xenobiotika Epacr
— sledovani funkcni odpovedi

na specificke e}ntlg§ny e
(aplikace antigenu) Challenge

Immune System
Evaluation

Representative Host
Immune Assay Resistance




TIER 1 (priklad léCiva — EMA)
,,Standarni testy toxicity* - Sledovani znamek imunotoxicity

2.1.1 Standard Toxicity Studies

Data from STS should be evaluated for signs of immunotoxic potential. Signs that should be
taken into consideration are the following:

I) Hematological changes such as leukocytopenia/leukocytosis, granulocytopenia/
granulocytosis, or lymphopenia/ lymphocytosis;

2) Alterations in immune system organ weights and/or histology (e.g. changes in thymus,

spleen, lymph nodes, and/or bone marrow);

Changes in serum globulins that occur without a plausible explanation, such as effects

on the hver or kidney, can be an indication that there are changes in serum

immunoglobulins:

4) Increased incidence of infections;

d) Increased occurrence of tumors can be viewed as a sign of immunosuppression n the
absence of other plausible causes such as genotoxicity, hormonal effects, or liver
enzyme induction.

T
S




Standardizovane ,narodni” postupy

Zahrnuji Tier 1 + 2
Holandsko - RIVM (potkan)
USA - NIEHS/NTP (mys kmen B6C3F nebo BALB/C)

= T e re—————

TALLE 1. Immunotoxict!agy approaches in rodents

Model Species

Tier system developed at RIVM: ( ion o'
: - {extension o' DECD guideli
_#407 for tesling repeated dose oral loxici v ) e ig
Ijer 5y5:em a;:lopled by NIEHS-NTP :
'er sysiem of the U.S. Enviror mental Protec i
uation of biochemical pest control age::::;‘c e b

Tier system of the U.S. Fo - : :
food additives) od ad Drug Ager y (evaluation of Rat

Eultiple tesling in a single aniral |

Mouse
Ral or mouse

Ral




TABLE 2. Par 2/ of the RIVM for delecling immunotoxic alterations in the ral

Parameters Procedures
Tier 1
Nonfunclional Routine hemalology, including differential cell counting
Serum IgM, IgG, IgA, and IgE determination
Lymphoid organ weights (spleen, thymus, local and distant lymph
nodes)
Hislopathology of thymus, spleen, lymph nodes and mucosa-
associated lymphoid lissue
Bone marrow cellularity .
Analysis of lymphocyte subpopulations in spleen by flow cytome-
try
Tier 2

Cell-medialed mmui: y  Sensitization 1o T-cell-dependent antigens (e.g., ovalbumin,
luberculin, and Uisteria) and skin test challenge
Lymphoprolileralive responses 1o specific anligens (Uisteria) and
mitogen responses (Con-A, PHA)
Humoral immunily Serum titralion of IgM, IgG, IgA, IgE responses lo T-cell-depen-
dent anligens (ovalbumin, tetanus loxoid, Trichinella spiralis,
SRBCs) with ELISA
Serum litration of T-cell-independent IgM response to LPS with
ELISA
: Mitogen response to LPS
Macrophage funclion In vitro phagocytosis and killing of Listeia monocytogenes by
adherenl spleen and periloneal cells
Cytolysis of YAC-1 lymphoma cells by adherent spleen and
peritoneal cells

NK cell function Cylolysis of YAC-1 lymphoma cells by nonadherent spleen and
periloneal cells
Hosl resistance Trichinella spiralis challenge (muscle larvae counts and worm
' expulsion)

Listeria monocytogenes challenge (spleen and lung clearance)

. Ral cylomegalovirus challenge (clearance from salivary gland)
| Endotoxin hypersensilivily

.. - Auloimmune models (adjuvai artt ritis, experimental allergic
. ) - encephalomyelitis)




TABLE 3. Panel of the NIEHS-NTP 11 r delecling immune alteration
chemical or drui; 2Xposure in rodents*

Parameler Procedures

Screen (lier |)

Immunopathofogy ) Hemalo ¢ Jy—complete blood count and differential
. - Weights - -body, spleen, thymus, kidney, liver
Cellularit- ~—spleen, bone marrow
Histology —spleen. thymus, lymph nodes

Humoral immunity IgM anliz ydy PFCs 1o T-cell-dependent anligen (SRBCs)
LPS mil: jen response
Cell-medialed imraunity Lympho-/te blastogenesis (Con A) and MLR against
alloger zic leukocyles
Nonspecific immunity NK cell aslivity
Comprehensive (tie- 1)) :
FACS analysis Quantitatiy.n of splenic B and T cell numbers

Mumoral immunit: I9G antibydy response lo SRBCs (PFCs)

Cell-mediated imtaunily CTL cyto%sis or DTH response

Host resistance chal- Syngen: : lumor cells—PYB6 sarcoma (lumor incidence),
lenge models (i:nd B16F° melanoma (lung burden)
poinis)b Bacteria' nodels—Ljsteria monocylogenes (mortality), v

Slrepts soccus species (mortality)
Viral mocels—influenza (mortality)

Parasite models— Plasmodium yoelli (parasitemia)
"The lesting pane! was developed using 136611 female mice. |
*For any particula- chemical tested only I+ 'or three host resistance models are selecled (or

T

examinalion.



Hodnoceni imunotoxicity — postup dle RIVM

Tier 1




Tier 1 — Hematologie a bunecnost

« Celkové pocty krevnich bunek/mL
« Pocty leukocytll, lymfocytt (,diferencial®)
: stanoveni - mikroskopie: pocitaci komurka
- jednoduché pocitace - ,cell counter"




Tier 1 — mnozstvi a tridy protilatek

- ELISA proti Fc fragmentiim IgG, IgM, IgE
— Enzyme-linked ImmunoSorbent Assay

o 111 Znat princip ELISA proti protilatkam

o Zakladni postup
- ZI'%(E']I‘II' protilatek proti ,,Fc" fragmentu jednotlivych trid
Ig
« Polyklonalni nebo monoklonalni protilatky

« Jeden ,dil" ﬁrotllatek se vyuziva pro imobilizaci (,,sorbci")
reakce v mikrodeskach

« Druhy dil se vyuziva pro vizualizaci rozpoznavaci reakce:
Protilatky s navazanou znackou (enzymem)




Ziskani protilatek pro ELISA reakci — ,polyklonalni® Ab

Antigent
injected into
the aminal

polyclonal
’,.-"’ antibodies
selaction:

o body I - e '
e o containing
. ¥ T [ . serum is
: . . . b & taken out
Basa on the s = i i th

~ anfigen A rom the
need of the W ,f, canimal's
amount of 2 :
antibodies, |
select animal ; @ /

' f

‘bodies
based on their _. '| e ; '
s @ . A Y

B cell
Antigen activated B

Wi - I/i:;:;?;:s q;gj,li
Fok /ol & aaie

from different B cells are
produced.

Clone of memory B

Aminal




Ziskani protilatek pro ELISA reakci — ,monoklonalni® Ab

Tumeor cells

Hybidromas screened for

antibody production 7
Antibody-producing ul -t: A 1:": AT
hybridomas cloned

Monoclonal antibodies
isolated for cultivation

_ Monoclonal Antibody Production




Princip ELISA - stanoveni tfid protilatek

* Princip — viz obrazek
 Stanoveni ,titru™ - ¢cim vyssi redeni - tim vice protilatek

 Vzdy srovnani Kontrola vs. Exponované

jamka mikrotitracni imobilisace vazba f‘\;“x«’“‘\r WW’YWW(YY‘*
desticky protilatky antigenu NN :

T o7
Tord o A

vazba druhé protilatky inkubace stanoveni
5 navazanym s chromogennim produktu enzymove
enzymem substratem enzymu reakce




Tier 1 — hodnoceni histologie

http://www.youtube.com/watch?feature=player detailpage&v=RaTzR3I1110Q#t=4s

« Hmotnost (a pomér k hmotnosti tela)
organd IS a dalSich
— zejména: slezina, thymus, uzliny o7ina
« Histopatologie
— fixace organu v parafinu
— tenkeé rezy cca 5 um (mikrotom)
— barveni & mikroskopie

« Profesné narocné hodnoceni histopatologie
— Nutna je expertiza



http://www.youtube.com/watch?feature=player_detailpage&v=RaTzR3II10Q

Tier 1 - Stanoveni BUNECNOSTI

Pluripotential Stem Cell

Hematopolesis Chart 8

Bu néénOSt v kOStni di:eni Hk-2/¥t-3 |i';1:jll_f_ll'_j F":-E'IIIF-H:E ligand  FIk-27114-3 Ii-:J::JI_r_II-_j Flk-2/FIt-3 Ii-:J::JI_r_nl-_j
(viz dale) - \j p
— preparace femuru S

— odstfihnuti hlavic ] I

— vyplach kostni dFeni -

Lymphoid Stem Cell  HE Precursor

CFU-Es  CFU-Ba  CFU-Mast Pre-B Cell Pre-T Cell

« Bunécnost ve sleziné
— slezina / homogenizace

« Slezina - mys: 108 bunék
- 4-8% adheruje MF
- 60% B-b |
_ 400/0 -I-_b SIS | LTS B Lymphocyte

- Stanoveni poctt bb. (cell counter)
« Stanoveni typl bb. (flow cytometer)

Heutrophil Flasra Cell HE Cell

Red Blood Cell Heutrophil Eazinophil Tizzue Mast Cell T Lymphacyte

This illustration shows the progression of cells from unspecialized progenitor cells to the
mature erythrocytes, leukocytes, and platelets found in the blood system.




http://www.jbmethods.org/jom/article/view/12/6

RPMI-1640 + 10 % FBS, 20 mM penicillin/streptomycin and
20 ng/ml mGMCSF at 37 °C in a humidified 5% CO; atmosphere

I T R
= e A

Bone marrow progenitor Day-3 Immature BMDCs

cells Repleni
plenishment (Day-6)
Isolated from femur of with fresh culture

C57BL/6 mice medium




http://www.jbmethods.org/jom/article/view/12/6




Antibody
# Reporter

Antigen

S

Antibodies to Surface Antigen




Prutokova cytometrie — zakladni principy

Zastin na detektoru = ,bunka a jeji velikost"
Fluorescence = Typ bunky

Cell Suspension

[ Flow
Sheath Q of

Fiuia T | 9| |cels

o

lﬂ,) Filters 1 ctor
lELfif:::'.nn ;:]. —
® 1 Fn“| | BE
gu“:rfg: Optics g ﬁ o Detector
Co=( |4 =@ 0

Cell Sorter [: Dichroic Filter  Lens and Filters




Pratokova cytometrie — instrumentace







Prtokovéa cytometrie — principy




Hodnoceni imunotoxicity — postup dle RIVM

Tier 2




Testovani imunotoxicity — Tier 2

« Tier 1 (test chronické toxicity — viz drive)
— aplikace xenobiotika
— sledovani vlivu na obecné a zakladni viastnosti IS

 Tier 2 (specificka imunotoxicita)
— aplikace xenobiotika |

— aplikace antigend Exposure

« sledovani funkcni odpovedi

na specificke antigeny Antigen/Pathogen

Challenge

Immune System
Evaluation

Representative Host
Immune Assay Resistance




Tier 2 — Stanoveni protilatkove odpovedi

 Protilatkova odpoved”
— Stanoveni produkce protilatek
— Stanoveni kvality B-bunek (proliferacni odpoved)
— Stanoveni POCTG BUNEK , které produkuiji protilatky (Ab)

1) Stanoveni produkce protilatek

« ELISA proti IgM na T-nezavisly Ag (LPS) > - |l < |

« Antigenné specifické ELISA
— ELISA proti T-zavislym Ag

- Modelové T-zavislé antigeny
— tetanovy toxin (anaT)
— beranni erytrocyty (SRBC)




Stanoveni proliferaéni odpovédi B-lymfocytu

ptidani LPS
-> stimulace (pouze) B-lymfocytl
kultivace in vitro (48 h)

Homogenizace

a 1zolace bun¢k
-lyza erytrocytl
Bunky do mikrodesticek

:: |:> Oplach radioaktivniho media

Stanoveni radioaktivity (CPM) v bunkach
Ptidani *3H-Thy

Inkorporace do DNA
delicich se bunek
(24 h)

200,000 -

CPM
100,000

- —
=
—]
=
=
=
=
=
—
—

Control 1 a5 0.1 0.05 0.1
Amount of 1EL added to BN cells {10e5)




Stanoveni poctu B-bunék, které produkuji Ab (,Plakova metoda®)

- aplikace xenobiotika vs. kontrola
- podani antigenu (=SRBC)
- izolace bunék ze sleziny = agar

Xenobiotic
Exposure

+ SRBC

Antigen/Pathogen
Challenge

Immune System
Evaluation

Representative i o 0 AL b . .
Immune Assay e sy |:> - opét pridani stejneho antigenu (SRBC)
a pridani komplementu (morce) do agaru

—a e+ mimassrasa USANUIAALY RUALUAL I

>

- kolem bun¢k produkujicich Ab proti
SRBC -> lyza SRBC: plaky
(PFC = plaque forming cells) |

Figure 12-11. The plague-forming cell (PFC) assay.
A. D?monslration of plaques (areas of hemolysis) which have formed within the lawn of sheep red blood cells %10 magnification. B. X100 -
magnification of a plaque from panal A showing the B cell evident in the center of the plaque. [From photos by Dr. Tracey L. Spriggs (with
permission)].




Varianta — stanoveni poCtu bunek technikou ELISPOT

Add antigen to NC

» - desticka kryta |
antigenem (anaT) %C orling
» - pridani bunek (v
[ UZ/))/Ch [ EdEHIC ) ) k ;Sﬁl?ggzl:d antibody will 15 1d to

+ - produkce Ab proti ma
anaTl v jamce

- sekundarni Ab-HRP 0K Mt e
- HRP - NEROZPUSTNY ‘ e

Add AFC and incubate.

produkt 3 .
- poéllta’ nl’ "S pOtCI“ i /-Add substrate S )
\andluble ;

product is

_ . = =




Stanoveni funkcnosti T-bunek - proliferacni odpoved

» Design stejny jako u proliferace B-bunek

« Pridani T-specifickych mitogend
— lectiny/sacharidy - ConA, PHA
— lymfocyty z jiného zvirete
(smisena lymfocytova reakce - MLR)
- specifické antigeny (SRBC, anaT)

Ca?*flux  ERK JNK P38
1 |

Activation of transcription factors
Cytokine production
Proliferation




