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Jakymi mechanismy ovliviuji chemicke latky |.S. ?

« I.S. - slozita struktura, fungovani regulace

— Plsobeni ch.l. na I.S. - neexistuje jeden jednoduchy mechanismus
— Zpravidla se uplatriuje jeden ¢i vice rliznych proces(

1) Vyznam prostorovych zmén molekul (protein{)
zmény povrchu proteind
— ovlivnéni funkci APC a lymfocyt(
— vyvolani autoimunitnich reakci
— imunomodulace: reaktivni chemické latky v téle

2) (modulacni) efekty na molekularni a enzymové urovni
— narusSeni vykonnych funkci (enzymy, oxidazy ...)
— naruseni syntézy DNA, proteind
— ovlivnéni signalnich drah a molekul (receptory, cCAMP, Ca2+)
— modifikace membrany (signalizace ...)

3) Neprima modulace systémd, které ,ridi" a souvisi s IS
— Neurohumoralni regulace
— Obecny stres apod.




Ad 1) Vyznam prostorovych zmen molekul v |.S.

- Chemicka latka pozmeéni mk v téle

— rozpoznani B-b. / aktivace T-b.
- auto Ab proti vlastnim Ag

- Chemicka latka pozméni MHC na APC
- Ab bez indukce Ag (i proti vlastnim Ag - také auto Ab)

- Chemicka latka pozméni TCR
— = T-b. nerozezna cizorodou strukturu NEBO T-b. chybné rozezna vlastni strukturu




Vyznam prostorovych molekul v |.S.

Dermis

Migration of the T-celis
to the Site of Inflammation Migration of LC

to Lymph Nodes

Antigen Presentation



Naruseni regulaci v L.S.

— neurohumoralni rizeni
- vyznam apoptozy




Ad 2) Naruseni regulaci v bunkach I.S.

« Regulace obecné
zalozeny na velmi
malych zmenach
(napr. nizke
koncentrace hormond,
Ca2+ )

CDh21 X CD19 2 CD81

» Zasah do regulacnich
procest = velké
dopady in vivo

» Slozite procesy (zatim
malo prostudované):
Regulace a toxicita: v
soucasnosti velka
pozornost vyzkumu




Apoptoza vs. Nekroza
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Apoptoza — centralni proces v regulaci I.S.

Velky vyznam
apoptozy v L.S.
(priklady):

- Zrani T-bb.
- Klonalni proliferace

- Pusobeni Tc, NK bb.

Medscapes

www.meds cape.com

Extrinsic
Death ligands,

THF, FasL,
Trail, {?)

Intrinsic

Bacterial toxins,
O radicals,
other faciors

<= -radiation, chemotherapy

Sourca: Emearg Infect Dis & 2007 Cenlars for Disease Contral and Prevention (GOC)



Pusobeni znamych ,imunotoxinu® - modulace apoptozy
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Pusobeni latek na neuroendokrinni systéem

. Imunitni systém je pod kontrolou NEUROENDOKRINNIHO SYSTEMU
— Z hlediska toxicity - vyznam zejména (nizkomolekularni) hormony
— interfence toxikant( (strukturné ,blizké" ch.l.)
 Steroidy: estrogeny, androgeny, kortikoidy
 Thyroidni hormony a dalsi
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Glukokortikoidy a apoptoza
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Stres a vyznam pro |.S.




Stressor

Stres a Imunitni systém

Corticotropin-
releasing hormone
Pituitary gland

Obecny i chemicky
stres

- Ovlivnéni CNS a

Humoralni regulace ‘Hard-wiring’
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Reduced NK

cell activity

Vyznam stresu v supresi |.S.

Modulate
cytokines

Reduced
lymphocytes

stress

Decreased
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suppressor
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Reactivation
of latent
viruses

Dysregulation of

immune function
Decreased

antibodies

Delayed wound healing
Impaired vaccine responses
Cancer
Reactivation of latent herpes viruses




Reaktivni toxikanty

- Chemikalie a hypersensitivity




Fl;. 1. ACD of axillae associated with the use of personal care
products.




Reaktivni latky a vznik antigenu

« Nizkomolekularni reaktivni latky (LMW)

— prima reaktivita NEBO po aktivaci
— konjugace s endog. proteinem -> imunogen
— nebo i nekovalentni vazba s MHC

Drug presentation to T cells

hapten prohapten non hapten
(penicillin) (sulfamethoxazole (SMX)) (non-covalent direct
NH, presentation)
NH,

metabolism
inert reactive

processing

direct modification of metabolism is required to labile binding of drugs to

proteins (soluble, cell bound, generate reactive compounds MHC/peptide complexes
MHC/peptide complexes)




Faze senzitizace na kuUzi

FIG. 2. The induction phase of skin sensitization (A). Chemical allergens gain access to the viable epidermis and associate in stable fashion with protein (1).
There is the local release of various proinflammatory cytokines and other “*danger signals™ that are required to support immune activation and the engagement of
DC (2). LC (and other cutaneous DC) are activated and recognize, internalize, and process haptenated protein. These cells transport antigen from the skin to
draining lymph nodes, via the atferent lymphatics, during which time they become activated and differentiate into mature, antigen-presenting cells (3). Haptenated
peptides are presented to naive, antigen-responsive T lymphocytes (4). The antigen-driven activation of responsive cells is associated with rapid turnover and
selective clonal expansion of antigen-specific T lymphocytes (5). The expanded population of primed antigen-specific T lymphocytes (effector and memory
T lymphocytes) disseminates into the peripheral circulation (6). At this point, sensitization has been acquired. The elicitation of ACD (B). Elicitation is triggered by
exposure of the now-sensitized subject, at the same or a ditferent skin site, to the same chemical allergen (7). Allergen-specific T lymphocytes accumulate at the
site of encounter with the chemical (8). T lymphocytes become activated and are stimulated to release cytokines, chemokines, and other inflammatory mediators
that act in concert to draw in other leukocytes and drive the cutaneous inflammatory reaction that is characterized by ervthema, edema, and visiculation and that is
recognized clinically as ACD (9),



Priklady reaktivnich latek & imunotoxinu

Pryskyrice, soucasti lepidel -

ALERGIE

Typ I- rychla reakce zavisla na IgG
— anhydridy kyselin, polyisokyanaty

Typ II- vyzad. IgM a IgG + aktivace C
— anhydrid kyseliny trimelitové (TMA)

(Typ III- imunonkomplexy - aktivace C)

Typ IV- zpozdéna hypersensitivita (DTH)

— toluen-diisokyanat

Phthalic (PA)
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LecCiva a hypersensitivita

- AUTOIMUNITY: napr. LUPUS - velké mnozstvi |éCiv
- ALERGIE: bleomycin, metotrexat, peniciliny, ampiciliny ...
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Table 1 gf'ﬂila?f)l Phenytoin
o = _ iclofenac Practalol*
D;ugs deﬁmtwel){ assoc1f1ted with drug-related lupus* (a) and 1,2-Dimethyl-3 Pra;oziil
ot :r drugs associated with drug-related lupus and currently in hydroxy-pyride-4-1
use*® (b) D}Phen}{thdantoin Primidone
Disopyriamide Prindolo]
(a) Drugs with drug-related Iupus Enalapril Promethazine
Chlorpromazine Minocycline gstregerfs : Propafenone
Hydralazine Procainamide b - Prophythiouracil
Isoniazid Quinidi Ethylphenacemide Propranolol
Methyldopa ne go_ld s?lfs‘ Psoralen*
4o riseofulvin thiazi
g)) bDrug.s with drug-related lupus and currently in use Guanoxan g;ih;i?;r;e
ce u_tqlo] Metrizamide Ibuprofen Quinine
iﬁecam}dc] Minoxidil Interferon alpha Reserpine
Am(;EErIl?l?eth’ 3 N_ahdlxic aCifj %Eizrlferif} gzamma Spironolactone
g imide Nitrofurantoin - sHan Streptomycin
Amoproxan Nomifensine* Labetalol Sulindac
Anthlomahne Oxyphenisatin Leuprolide acetate Sulfadimethoxine
Anti-tumor necrosis factor Oxyprenolol o Sulfamethoxypyridazine
alpha Ei‘;}?mepf azgne Sulfasalazine
R ) ) . ) 1thium carbonate Tetracycli
enolol Pa_léld-ammo salicyclic Lovastatin Tetraziyr(;e,mes
aci Mephenytoin Thionamide*
gc‘enoxaprofen Penicillamine Methimazole Thjoridlei‘fe
aptopril : Penicillin Methlysergide* Timolol eyedrops
Carbamazepme Perazine Methylthiouracil* Tolazamide
Chlorprothixene Perphenazine Metoprolol Tolmetin
C_hlortAh'flhdone Phenelzine Trimethadione
C}metldu?e Phenopryazone* s .
Cinnarazine Phenylbutazone* Substantial observations and studies.
frsc # s
Clonidine Phenylethyacetylurea* A flev?f are single case reports but the majority represent
Danazol Phenytoin good clinical observations.



Autoimunity a prumyslové chemické latky

formaldehyd,
chloramin,
diazonioveé
soli,
rozpoustédia
thiomocoviny

TABLE 1. Possible relationships butiveen human sclerolic and lupus-like diseases and
environme:tal chemical exposures

Chemical

Reference

Observation

Jecupational

vC

Tetrachloroethylene

CE
Solvents

Solvents, toluene,
xylene, while
spirit

Carbon tetrachlo-
ride and TCE

Organic solvents

TCE

Lange et al. (1,
Ward et al. {€*
Black et al. (17)

f
LELT

!

Sparrow (70)
Reinl (1) -
Yamakage an ;:I.shi-
kawa (14) . i
Walder (12, I:1)

Saihan et al. /77)

Sverdrup (72
Lockey et al. (15)

Skin sclerosis

Lung fibrosig ="

Nervus system paresthesia

Vessels—capillary

Inflammation, intimal fibrosis

Thrombocytopenia

Symptoms—fatigue, cold burning pain,
emolional instability, loss of libido, impo-
lence

Autoantibodies—not detecled :

19-Year-old male dry cleaner, 4 years, sle-
vated ANA liters, systemic sclerosis

24-Year-old woman, degreasing—sr.’erc
derma

7/9 Palients in Japan—Raynaud's phe~ ry-
enon, sclerosis; 6 had lung fibrosis

6/7 Solvent workers in Australia; added 5 in
1983—scleroderma

43-Year-old male, neuropathy, Rayn-ud's
phenomenon, sclerosis

Scleroderma in 8/9 manufacluring wo kers

47-Year-old female, fatal scleroderm : 6 .
months alter 2.5-hr dermal expesira ic
TCE



Autoimunity a chemicke latky

Table 1. Substances Associated with Autoimmunity in Humans and the Animal Models Used To Examine Disease Mechanisms

drugs/chemicals® human disease animal model” refs
drugs (procainamide) drug-induced lupus mouse
* central tolerance 16—19
* DNA methylation 10—12
silica/asbestos lupus, systemic sclerosis, rheumatoid arthritis, vasculitis mouse
* C57Bl/6 38
* lupus-prone 32—34
adulterated rapeseed oil Toxic Oil Syndrome mouse
« B10.S 42, 43
* lupus-prone 44
iodine mouse
* NOD-H-2h4 119
trichloroethylene hypersensitivity skin disorder, mouse
scleroderma, * lupus prone 153—155
* lupus prone (prenatal) 156
metals (Hg, Au, and Ag) nephropathy, autoantibodies mouse
« B10.S (Hg) 46, 47
(Ag) 47, 49
(Au) 48
* lupus-prone 76, 108
TCDD, dioxin® antinuclear autoantibodies mouse
» GVHD“ 149
« EAE® 150
* neonatal exposure 152
pesticides/fungicides (hexachlorobenzene) chronic inflammatory response rat 162
mouse
* lupus prone 1o4
mineral oil (pristane, TMPD') chronic inflammatory response (follicular lipidosis) mouse
« C57BL/6, BALB/c 134, 139
* lupus prone 135

@ Where multiple examples of a drug or chemical exist, only those discussed in the text or cited in the accompanying publications are noted. ” In
many studies examining the lupus-inducing potential of toxins, mouse strains that are prone to develop lupus spontaneously (e.g.. NZBWF1, NZM,
BXSB, and MRL) are used as models of sensitive populations to determine if a specific drug or chemical exposure can affect the natural progression of
disease. © 2.3,7.8-Tetrachlorodibenzo-p-dioxin. ¢ Graft versus host disease. ¢ Experimental autoimmune encephalomyelitis. © Tetramethylpentadecane.



Autoimunity a chemicke

P14

Table 2. Features of Autoimmunity Shared by Different
Autoimmunity-Inducing Drugs and Chemicals

drugs/chemicals mechanism refs
silica/asbestos adjuvant effect 21
T regulatory cells 33
inflammasome (NLRP3¢, 28
1L-153)
exacerbates lupus-prone 32
genotype
heavy metals T cell activation 86
(Hg. Ag, and Au) threshold
T regulatory cells 80
inflammasome (NLRP3“, Toomey and Pollard
IL-15) (unpublished)
exacerbates lupus-prone 76, 108
genotype
drugs (procainamide) T cell activation 12
threshold
central tolerance 18
TCDD, dioxin” central tolerance 152
Ahr 150
T regulatory cells 150
adjuvant oils adjuvant effect 134
(pristane) exacerbates lupus-prone /35
genotype
pesticides/fungicides  adjuvant effect 162
(HCB) exacerbates lupus-prone 164
genotype
adulterated rapeseed  exacerbates lupus-prone 44
oil genotype
iodine T regulatory cells 110
TCE exacerbates lupus-prone 153
genotype
“NOD-like receptor family, pryin domain containing 3.

2 .3.7.8-Tetrachlorodibenzo-p-dioxin.



Vyznamné imunotoxicke latky

Polychlorované bifenyly (PCBs)
Polychlorované dioxiny a furany (PCDD/Fs)




Persistentni organochlorove latky

. POPs - (stale) NEJVYZNAMNEJSI ORGANICKE KONTAMINANTY ZP:
— odolavaji degradaci, persistence v prostredi, bioakumulace

« Heterogenni skupina latek - zde diskuze PCDD/Fs a PCBs
— PCDD/Fs
« vedlejsi produkty spalovani
— Polychlorované bifenyly (PCBs)
« primyslové chemikalie

Infarmovs Chlonnated Aromatic Hydrocarbons

Doz 44D PCB LDT
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Co je znamo in vivo — PCDD/Fs ?

« Imunotoxicita u lab. zvirat
— NOEL 50 ng/kg (')

— zvySeni infekci Salmonella / E.coli
— Umrtnost mladat na Listeriozu
— citlivost na viry / vyssi rlst nadorl

« Imunotoxicita u primatd
NOEL 3 ng/kg - podobné cinky jako u hlodavct

« Epidemiologie - lidska populace
— 1973 - kontam. masa PBBs (USA, Michigan)

— 1979 - kontaminace oleje na Taiwanu (PCDF/PCB)

- vzrist koznich a respir. infekci
- pokles IgA a IgM a dalSi efekty

« Imunosuprese u velkych vodnich savci
— tuleni, delfini: hromadné uhyny na oportunni morbiliviry

— akumulace PCBs: imunosuprese




POPs a neobvyklé mortality na virove infekce = imunosuprese

Environmental Pollution I:I
Yolume 1682, lssue 2, March 2008, Pages 431-442

doi1 0101 G envpol 2007 .06.074 | How to Cite ar Link Lsing DOl
Capyright @ 2007 Elsevier Ltd All rights reserved.
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Persistent organic pollutants (POPs) in Caspian seals of
unusual mortality event during 2000 and 2001

P h th
Eybatov®, Igor V. Mitrofanov", David G. Aubrey®, Lev S. Khuraskin', 1.3:1;5}:&19

Nobuyuki Miyazaki’ and Shinsuke Tanabe® —

[
Natsuko Kajiwara™ &1, . Mafumi Watanabe™ !, Susan Wilson”, Tariel E




The Risk of Infection from Polychlorinated Biphenyl Exposure in the
Harbor Porpoise (Phocoena phocoena). A Case-Control Approach

Ailsa J. Hall,” Kelly Hugunin,? Robert Deaville,? Robin J. Law.,? Colin R. Allchin,? and Paul D. Jepson®

1Sea Mammal Research Unit, Gatty Marine Laboratory, University of St. Andrews, St. Andrews, Fife, United Kingdom: 2North Carolina
State College of Veterinary Medicine, Raleigh, North Carolina, USA; 3Institute of Zoology, Zoological Society of London, London,
United Kingdom: 4Centre for Environment, Fisheries and Aquaculture Science, Burnham Laboratory, Burnham-on-Crouch, Essex,
United Kingdom

Environ Health Perspect 114:704-711 (2006).
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Hlavni mechanismus pusobeni — planarnich POPs - AhR

* AhR - Arylhydrocarbon receptor
(Receptor pro planarni aromaticke uhlovodiky)

— intracelularni transkripcni faktor

— pfibuzny ostatnim ,nuklearnim® receptortim (receptory
pro nizkomk. Hormony: ER, AR, ThR, RAR/RXR ...)

 Prirozena funkce (?) - reakce na toxicke latky
- syntéza detoxikacnich enzym( (CYP450)

 Aktivace AhR v pritomnosti PCDD/Fs, PCBs
— MNOHO rtznych vedlejSich toxickych ucinkd
— (napr. karcinogenita...) + také IMUNOTOXICITA




Mechanismus signalovani AhR

f Metabalism of ligand by CYP1 forms \
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AhR v Imunitnim systemu

Granulocytes * ,

> Autoimmunity

, Thy’mus\ : /'x_/ g , f Allergy

DN@ (op ) ‘
) -~ Hegulation
@ K 4 \<‘ { tolerance

TRENDS in immunology

Figure 1. Schematic compilation of current evidence of the influence of AR on immune function and differentiation. The major lymphoid and myeleid differentiation lines
are shown. The red flashes indicate cells where AhR overactivation by /n vivo or ex vivo exposure to dioxin has been reported to result in immunotoxic effects (e.g. biased
differentiation, lack of cytokine secretion, or altered function). It is important to note that many of these effects are presumably indirect effects because some of the cells
affected express little or no AhR. Blue asterisks indicate cells for which AhR expression has been experimentally confirmed by either RNA measurements or Western
blotting. Green flashes indicate evidence of a direct physiclogical role for AhR (e.g. necessary for cell-specific expression of characteristic genes, involved in maturation or
differentiation]. DC, dendritic cells; DN, double negative thymocyte; DP, double positive thymocyte; HSC, hematopoietic stem cell; LC, Langerhans cell; nTreg, natural T
regulatory cell; PC, plasma cell; iTreg, induced T regulatory cell.




AhR v Imunitnim systemu

Trends in Immunofogy Vol.30 No.9

Box 3.

Environmental links of AhR to autoimmune diseases
Epidemiology, anecdotal evidence and mechanistic studies suggest
links between autoimmune diseases and environmental exposure to
small chemicals and/or AhR ligands or xenobiotic-metabolizing
enzyme activity. Such links include:

¢ Dioxin and rheumatoid arthritis [69]

e Smoking and rheumatoid arthritis [70] Table 1. Some clinically or quantitatively relevant ligands of
Smoking and psoriasis [72] AhR3.

UV light and systemic lupus erythematosus [71]
Cytochrome P450 RNA levels and multiple sclerosis [73]

Endogenous
FICZ, 6-formylindolo[3,2-b]carbazole (tryptophan photoproduct)
Bilirubin {product of heme metabolism by the liver)
Lipoxin A4 {eicosanoid with anti-inflammatory properties)
ITE [2-(1"H-indole-3'-carbonyl)-thiazole-4-carboxylic acid methyl
ester] {isolated from lung tissues)
Environmental pollutants (formed during combustion of organic
material)
2,3,7,8tetrachlorodibenzo-p-dioxin
Benz|alpyrene
Dietary
Quercetin (present in apples and onions)
Indol-3-carbinol (present in many Brassicaceae, e.g. cabbage)
Resveratrol {present in red wine)
Curcumin (a spice freguently used in Indian cuisine)
Drugs (synthetic)
M50367 {3-[2-(2-phenylethyl) benzoimidazole-4-yl]-3-hydroxypro-
panoic acid}

VAF347 {[4-(3-chloro-phenyl)-pyrimidin-2-yl]}
_ ®For comprehensive lists and a discussion of immunological relevance see Refs [4]
and [23].




Role AhR v autoimunitach — diferenciace Th17

Excretion
0% e a®oig /
Xenobiotics » Protein-reactive metabolites
et oo “RMES ™~ M
.g. CYP1A1
(e.g. CYP1A1) - /J\
binds T or cryptic v
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Il. Induces IL-22

promoles

AUTOIMMUNITY

THENDS in Immunology

Figure 2. Two pathways by which direct gene induction via AhR could contribute to initiation and/or exacerbation of autoimmune diseases. () Low-molecular-weight
chemicals and in particular their more reactive metabolites - formation of which is under control of AhR-inducible phase | and phase Il metabolizing enzymes - (xenobiotic
metabolizing enzymes, XMEs) can form protein adducts, leading to the formation of new self antigens against which no tolerance exists. For instance, the phenotype of
slow acetylation by N-acetyltransferase, a phase Il enzyme, is more common in patients with drug-induced lupus caused by procainamide or hydralazine [67]. Variant alleles
of CYP1AT, which code for enzymes with higher activity, might protect against psoriasis [68]. The links between dioxin and rheumatoid arthritis (RA)} and between psoriasis
and smoking are strong. Smoke contains numerous strong AhR ligands, including benz(alpyrene dioxin and other planar aromatic hydrocarbons [69-71]. {ll} AhR can
mediate induction of cytokine genes in a cell-specific manner. AhR is necessary for IL-22 secretion by Th17 cells. Where IL-22 is relevant in autoimmune disease, this might
exacerbate effects. An example is the skin, where IL-22 involvement in psoriasis is known. However, it should be noted that IL-22 has other functions; in particular, it is
essential in protection against infectious agents.




Imunotoxickeé efekty spojené s aktivaci AhR

1) prenatalni toxicita pro vyvoj brzliku
—  AhR je exprimovan ve vysokych koncentracich napr. v jatrech
(detoxifikace), ale také v brzliku (vyznam neni zcela jasny)
— plsobeni PCBs, PCDDs - apoptoza
>  PRENATALNi ATROFIE THYMU (urychleni pfirozené konvoluce)
-  T-bunky nemohou dozrat

The thymic gland involutes with age




Imunotoxickeé efekty spojené s aktivaci AhR

2) Imunotoxicita PCDD/Fs, PCBs v dospélosti

« V dospélosti - AhR mensi vyznam
— imunotoxicita u mysi s i bez AhR
(experimenty s AhR knock-out kmeny)

« ALE: zvySena citlivost v pritomnosti AhR
— pr. Suprese Ab proti SRBC

o Prokézévly predevsim UcCinky na B-bb. a protilatkovou
odpoved’

@ @
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Neprima toxicita PCDD/Fs a PCBs

+ Plisobeni na edokrinni systém

— glukokortikoidy, steroidni h., thyroxin...

» vzrlst sérového kortikosteronu (obecne. marker stresu) >
imunosuprese

— Vzrist nadord u mysi po plisobeni PCBs (M > F)
— Cross-talk mezi receptory (AhR vs. ER ...)

Cross-talk

Direct 1
inhibition
AhR vs. ER @ > CYP1A1 CYP1B1  viaiXREs L
E2 synthesis s_.lqualchln @@
& metabolism @
CYP19 (Aromatase) / \ ﬁ L

. Synthesis of an
4 ER degradation inhibitory factor

Protein X

Co
+
GIEES poteasome




