Imunotoxikologie - metody 1




(o]

Imunomodulace a jeji dusledky

may lead to

Immune-mediated disease
(hypersensitivity, autoimmunity)

A mmunoenhancement

Homeostasis- —

No Effect

immunosuppression

May lead to enhanced susceptibility to disease

igure 12—J. Potential consequences of immunomodulation.




Priciny imunomodulaci (pozitivni i negativri)

1) Geneticka fixace

2) Vliv prostredi - ziskané béhem zivota

Diisledky imunomodulaci (imunotoxicity)

- poruseni proti-infek¢ni a proti-nadorové ochrany
- neschopnost reagovat na vakciny
- imunopatologie (autoimunita, hypersensitivity)

Plsobeni:

- primo na bunky I.S.
- na jiné bunky, které moduluji 1.S. (neuroendokrinni rizeni)




ImunoDEFICIENCE

PRIMARNI - geneticka fixace

- Casto vazané na X-chromozom (vice ohrozeni M)

- deficity B-bunék a produkce Ab
- neschopnost vyrovnavat se s bakteriemi

- deficity T-bunék
- funkcni poruchy T-bunék

- SCID (Severe Combined ImmunoDeficienci)
- fada variant: T-B-, T-B+, NK ...
- kratka doba preziti




ImunoDEFICIENCE

SEKUNDARNI - ziskané

- fada faktor(
- metabolismus a vyziva
- zareni
- vék
- poranéni (napr. popaleniny)

- chronickeé infekce
- chemickeé latky
- stres - spojeni s hormonalnim rizenim

AIDS: retroviry (integrace do genomu) - HIV-1, HIV-2
infikuje CD4+ T-b a nekteré APC
disledky: selhani IS
- smrt v dUsledku oportunnich infekci
- neobvyklé nadory




IMUNOTOXIKOLOGIE

Cast toxikologie
,Kazda latka je toxicka - o toxicité rozhoduje jen davka"

Kazda latka v téle
- prodélava radu déjt, které ovliviuji vyslednou davku"

Toxikokinetika
- zavisi na povaze latek (velké x malé, hydro- filni x fobni ...)
- prijem, distribuce, metabolismus, vyluCovani

Toxikodynamika
- mechanismy interakce latek s ,receptory"
- jedna latka: vice mechanisml ? Ktery je hlavni ?
- rozhoduje koncentrace v misté reakce a toxikokinetika
pr. - reakce latky s HMC a jeho modifikace
- aktivace receptoru AhR v brzliku




Jak Ize prokazat . Imunotoxické plisobeni" ?

1) Epidemiologické studie

(+)  vysoka informacni hodnota - studie s populacemi lidi
(-) - nakladné, velka prirozena variabilita
- rada kovariant (slunce, léky, stres ...)

imunotoxicita prokazana pouze pro nékolik malo typd latek
- dioxiny (PCDD/Fs) a polychlorované bifenyly (PCBs)
- azbest
- olovo
- nékteré pesticidy




Jak Ize prokazat ,Imunotoxické plsobeni® ?

2) Laboratorni studie

(+) lepsi definice, nizka variabilita experimentl
Ize hodnotit velké mnozstvi parametrt 1.S.
prostudovana rada chemickych latek

(-)  jen laboratorni zvirata
,nejednotné" efekty v rliznych védeckych studiich
(rizné davky, rizné doby expozice ...)




Jak Ize prokazat . Imunotoxické plisobeni" ?

Co je cilem imunotoxikologa ?

? poznani
. védecka prace imunotoxikologt
. studie rady latek, rlizné experimentalni pristupy
. Casto zakladni informace o mozném ucinku

? posoudit skutecna RIZIKA pro lidi, zvirata
Co je riziko? (nebezpecnost 74 riziko)

. latka zabiji T-bunky = nebezpecnost
: latka je pritomna v toxické koncentraci = riziko

Existujici riziko - praktické dopady (zakaz vyroby ...)
=> potreba standardizovanych protokoli




Standardizace hodnoceni rizik v imunotoxikologii

Narodni (mezinarodni) postupy a standard
- NEEXISTUJE nadnarodni doporuceni/zakon (WHO, EU ...)
- NEEXISTUJE nadnarodni standard (ISO)

- Vyznamné narodni postupy
Holandsko - RIVM (potkan)
USA - NIEHS/NTP (mys kmen B6C3F nebo BALB/C)

TABLE 1. Immunotoxict.!agy approaches in rodenls
— Mndel Species
yslem developed at RIVM (extension o° DECD guideli
_#407 for tesling repeated dose oral loxici 1 ) e ie
Tier system adopted by NIEHS-NTP :

Tier system of the U.S. Envi MDUSB
: ’ 9. Enviror.mental Protec ion A E
vation of biochemical pest controf dgerils gency (eval Ral or mouse

Tier system of the U.S. Food a1 ney (¢ i

.iopd A Tdtas) d Drug Agen y (&valuation of Rat
Mulliple testing in a single anirmal
e —— e e e " I .

e

Rat




Postupy pri testovani imunotoxicity

Jiered™ approach

Tier 1
- aplikace xenobiotika
- sledovani vlivu na obecné a zakladni viastnosti IS

Xenobiotic
Exposure

- aplikace xenobiotika
- sledovani funkcni odpovedi
na specifické antigeny Antigen/Pathogen
. . o Challenge
(aplikace antigend)

Immune System
Evaluation

Representative Host
Immune Assay Resistance




TABLE 2. Par 2/ of the RIVM for detecling immunoloxic alterations in the rat

Paramelers

Procedures

Tier 1
Nonfunclional

Tier 2
Cell-mediated mmui: y

Humoral immunity

Macrophage funclion

NK cell function

Hosl resistance

Routine hematology, inc'ding differential cell counting

Serum IgM, 1gG, 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

Sensilization lo T-cell-dependent antigens (e.g., ovalbumin,
luberculin, and Listeria) and skin test challenge

Lymphoprolilerative responses to specific anligens (Uisteria) and
mitogen responses (Con-A, PHA)

Serum litralion of IgM, IgG, IgA, IgE responses to T-cell-depen-
dent antigens (ovalbumin, tetanus loxoid, Trichinella spiralis,
SRBCs) with ELISA

Serum litralion of T-cell-independent IgM response to LPS with
ELISA

Mitlogen response to LPS

In vitro phagocylosis and killing of Listeia monocytogenes by
adherent spleen and periloneal cells

Cytolysis of YAC-1 lymphoma cells by adherent spleen and
periloneal cells

Cytolysis of YAC-1 lymphoma cells by nonadherent spleen and
periloneal cells

Trichinella spiralis challenge (muscle larvae counts and worm
expulsion)

Usteria monocytogenes challenge (spleen and lung clearance)

Ral cylomegalovirus challenge (clearance from salivary gland)

Endotoxin hypersensilivily

~Auloimmune models (adjuva~i artt ritis, experimental allergic

encephalomyelitis)




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

Parameler

Procedures

Screen (lier |)
Immunopathoiogy

Humoral immunity
Cell-medialed imraunity

Nonspecific immunity
Comprehensive (tie: 11)

FACS analysis

Humoral immunits

Cell-medialed imraunily

Host resistance chal-
lenge models (i:nd
poinis)b

e

Hemalo ¢ Jy—complele blood count and differential

Weights - -body, spleen, thymus, kidney, liver

Cellularit- ~—spleen, bone marrow

Histology —spleen. thymus, lymph nodes

IgM anliz )dy PFCs 10 T-cell-dependent anligen (SRBCs)

LPS mil: jen response

Lympho:=/le blastogenesis (Con A) and MLR against
alloger sic leukocyles

NK cell aiﬂivity

I

Ouantitalh'.n of splenic B and T cell numbers

IgG antiby dy response lo SRBCs (PFCs)

CTL cyto'ysis or DTH response

Syngen# : limor cells—PYB6 sarcoma (lumor incidence),
B16F° melanoma (lung burden) %

Bacteria' nodels—Listeria monocylogenes (mortality). v
Slrepts soccus species (mortality)

Viral mocels—influenza (mortality)

Parasite models— Plasmodium yoelli (parasitemia)

examinalion.

“The testing pane! was developed using r;s(f;!-w female mice.
*For any particula- chemical tested only 1

2 or three host resistance models are selecled Inr



PRAKTICKY EXPERIMENTALNI DESIGN

1) Nejdrive - zjisténi obecné akutni a chronickée toxicity
(existuji standardy 1ISO, OFCD ...)

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

Kontrolni skupina 10 zvirat preziva:
Expozice - koncentrace 1 5 zvirat preziva:
- koncentrace 4 5 zvirat preziva:
- koncentrace 20 5 zvirat preziva:
- koncentrace 100 5 zvirat preziva:
- koncentrace 500 5 zvirat preziva:

Vyhodnoceni LD50
LOEC

Chronicka toxicita

zpr. 21 dni, davky dle akutni toxicity
- 1/2 akutni LD50
- LOEC
- 1/10 LOEC




PRAKTICKY EXPERIMENTALNI DESIGN

2) Hodnoceni imunotoxicity

Viz dale

Praktické aspekty:

in vivo experimenty - potreba velkého mnozstvi zvirat
: realizace jen v opravnénych pripadech

existuji rozhodovaci schémata - kdy a jak testovat?

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




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

l Yes No l

No additional
Device contains potentially immunotoxicity testing is
immunotoxic material needed

l Yes

Device material exactly the same Same body contact and
as in a legally marketed device duration as in a legally
with nontoxicity supported by marketed device
data from device manufacturer
and/or in the public domain

Nol

Are immunotoxicity data provided based on FDA “Immunotoxicity
Testing Guidance” and/or other available scientific studies?

lNo

Test for immunotoxicity. Consult reviewer and
immunologist/immunotoxicologist for appropriate tests

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




Hodnoceni imunotoxicity
podle RIVM

Tier 1 - obecna imunita




Tier 1 - RIVM - Hematologie a bunécnost

- Pocty krevnich bunék/mL
- Pocty leukocytt, lymfocytd
: stanoveni - mikroskopie: pocitaci komuUrka
- jednoducheé pocitac - ,,cell counter®




Tier 1 - RIVM - Mnozstvi Ab & tridy Ig

- ELISA proti Fc fragmentlim IgG, IgM, IgE
- Stanoveni ,titru™ (Cim vyssi redéni - tim vice protilatek)

Vizdy srovnani Kontrola vs. Exponované

jamka mikrotitraéni imobilisace vazba
desticky protilatky antigenu

S =
- L =

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




Tier 1 - RIVM - HISTOLOGIE

- Hmotnost (a pomér k hmotnosti téla) organd IS a dalSich
- zejmeéna: slezina, thymus, uzliny

- Histopatologie
- fixace organu v parafinu
- tenké rezy cca 5 um (mikrotom)
- barveni & mikroskopie

Profesné narocné hodnoceni
- expertiza




Tier 1 - RIVM - Stanoveni bunécnosti

- Bunécnost v kostni dreni
- preparace femuru
- odstrihnuti hlavic
- vyplach kostni dreni

- Bunécnost ve sleziné
- slezina / homogenizace
Mys: 108 bunék
- 4-8% adheruje MF
- 60% B-b

- 40% T-b.

- stanoveni poctt bb.
(cell counter)

- stanoveni typl bb.
(flow cytometer)

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




Prutokova cytometrie
- subpopulace lymfocytd

Fluorescencné znacené protilatky proti povrchovym antigeniim
(CD3, CD4 ... .
Zastin

i Antibody ,,buﬁka d ]eJII velikost"

# Reporter

Antigen

Fluorescence
Typ bunky

# /4 :} Cell Injector Tip

T

Antibodies to Surface Antigen

Focussing Sheath Forward
Fluid Scatter
Light
Detector

Side Scatter &

Source n Fluorescent
of Laser Light Detector
Light




Prutokova cytometrie
- subpopulace

Fluorescencné znacené protilatky proti povrchovym antigeniim
(CD3+/CD4+, CD3+/CD8+ ....)

CD3+ counting.gate CD3+ T cells - | CD4 analysis gate

LA+ Aacqursitiorn

Oe1 10

10a2
COA-PE (PRt

Threshold setting Threshold setting



Hodnoceni imunotoxicity
podle RIVM

Tier 2 - specificka imunita
B-bunky
T-bunky




Tier 2 - RIVM - Protilatkova odpoved’

ELISA proti IgM na T-nezavisly Ag (LPS)

Antigenné specifické ELISA
- ELISA proti T-zavislym Ag
: tetanovy toxin (anaT)
: beranni erytrocyty (SRBC)

Viz dale:

Proliferacni odpoved’
bb. ze sleziny na LPS

Pocty bunek produkuijicich Ab
proti SRBC: Plakova metoda




aplikace LPS
-> stimulace B-lymfocytt
kultivace in vitro (48 h)

Homogenizace
a 1zolace bunék
-lyza erytrocytl

- Oplach radioaktivniho media
- Stanoveni radioaktivity (CPM) v bunkach
Piidani *3H-Thy

Inkorporace do DNA

délicich se bunék
(24 h)

1o 1 ns (1| .05 0.01
Amount of 1EL added to BN cells {10e5)




Plakova metoda - stanoveni poctt B-bb.

I

- xenobiotikum
- antigen (=SRBC)
- izolace bunék ze sleziny -> agar

Xenobiotic
Exposure

Antigen/Pathogen
Challenge

Immune System ORZE VN ;
Evaluation = - opakovan¢ ptidani antigenu (SRBC)

a pridani komplementu (morce) do agaru

Representative
Immune Assay

I

- kolem bunék produkujicich Ab proti
SRBC -> lyza SRBC: plaky
(PFC = plaque forming cells) 5

Figure 12-11. The plague-forming eell (PFC) assay.

Plaque Assay

A. Demonstration of plaques (areas of hemolysis) which have formed within the |
magnification of a plaque from p
permission)].

awn of sheep red blood cells %10 magnification. B. x1(9

anal A showing the B cell evident in the center of the plaque. [From photos by Dr. Tracey L. Spriggs (with



Plakova metoda - varianty

APPROACH No 4
APPROACH No 2

APPROACH No 1 in V-'.VO"I"H vitro

in vivo-in vivo CHEMICAL -

EXPOSURE
CHEMICAL.

ISOLATE SPLEEN CeLLs,

MF;ASUH!',‘_ PFC 5 DAYS
HZSPONSE

MEASURE PFC
RESPONSE

Fig. 6.1. Mcchanistic appro

PIFC response to SRBC.

Sl e
A ” \J\ . @

in vitro-in vitro
plus a MAS
APPROACH No 3
in vitro-in vitro f\{

= '
ISOLNTE SPLEEN CELLS

MAS
ISOLATE SPLEEN CELLS CHEMICAL
SRBC CHEMICAL

4 HOURS
SRBC
5 DAYSl E

MEASURE PFC S
RESPONSE

«EASURE PFC
RESPONSE

i s 1o study frug—chemical-induced modulation of the




ELISPOT - Stanoveni poctli bunék produkujicich Ab

- desticka kryta antigenem (anaT)

- pridani bunék (v rdznych redénich)
- produkce Ab proti anaT v jamce R
- sekundarni Ab-HRP Add blocking solution to block

the remaining protein birdding

- HRP - NEROZPUSTNY produkt ce SorlhS
- pOéI,ta,nll ,,SpOtfl“ _ Add AFC and incubate.

Secreted antibody will Iy 1d to
anligen

Add antigen to NC

Wash cells from NC shep

Add anti-lg (IgM, IgG, IgA IgE)-AP
- conjugale '

/Add substrate

é%

A~ nsoluble
product is

formed Spots are :iiumerated




Tier 2 - RIVM - Bunécna odpoved’ (T-bb.)

Proliferacni odpovéd’ T-bb. ze sleziny
- nespecifické
- mitogeny (lectiny/sacharidy - ConA, PHA)
- jiné lymfocyty (smisena lymfocytova reakce - MLR)
- specifické antigeny (SRBC, anaT)

Unstimulated state Following TCR ligation

Design stejny jako u B-bb.

Ca?+flux ERK JNK P3s

Activation of transcription factors
Cytokine preduction
Proliferation




Tier 2 - RIVM - Bunécna odpovéd’ (T-bb.

Test na T-zavislé Ag (ovalbumin, tuberculin, Listeria)
,DTH" test (delayed type hypersensitivity)

MEST - Mouse Ear Swelling Test

| bri 3 apli Asce (3-5 den)
- Vyholeni bricha, opakovana aplikace Ag v pasc ,
- \p/g 10 dnech: Ag do jednoho ucha (solvent do druheho)

'.-',- Jands

1} Fur of Abdomen isg Clipped

2} 1D Injection of FCA (Freund's
Complete Adjuvanl).

3) Abdominal Skin is Tape
Stripped

4) Topical Applicalion of
Subslance of Vehicle

5) Abdominal Skin Site is Dried
Rapidly (Eleclric Dryer)

~3) Abdo: nal skin Site is Dried

1) Abdon inal Skin is Tape
Stripp ~d

2) Topica: Application of
Subs!aince or Vehicle

Rapi !

Test Group Conlral Group
100 ¢l of 100
Test Substance ~0l Vehicle
in Vehicle ,J .
fll
| A ]
Fig. 24.3. Details of MEST induction stag: procedure.
[ Y

E Day 10 11&12 !
1) Topical Application of Tes| Ear Thickness Measurement of
- Subslance 1o One Ear Test and Control Ears is Made
2) Topical Applicalion of With Micreimeter 24 & 48 Ho'irs
Vehicle to Contralateral Ear Alter Expriure
J) Both Ears Are Dried Rapidly 58
40 pl of .
Yes; 8y 40 pl of Areas o

bslance Vehicl
in Vehicla W e

Tesl and Conlrol Animals

Measuremen|

i
Test i Control Animals

|".‘IT vruE

Fig. 24.1. Details of MEST challenge st- "¢ procedure.



