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Hlavni skupiny imunotoxickych latek
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XENOESTROGENNI LATKY
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PlUsobeni xenoestrogenu

- fada mechanismu zavislych na ER
- atrofie thymu a kostni drené

- autoreaktivni bunky NEJSOU
efektivne odstranovany
- AUTOIMUNITA

Table 2 Irmrnune biornarkers for estrogen.

Hyperactivity of B cells
T Immunoglobuling and autoantibodies
T Murrber of plasre cells
T Outut of autoantibodies per B cell
T Murrberof cells in the 5 phasze of cell cycle

T Survival of activation -induced apoptosis

Irpaiment of T-cell function
L Proliferative response to T-cell stimulants
Unresponsive to @ctivation signals for rescue from
ApOptoEs
1 CDBY egoression after T-cell stirmulation
T IFR -+ 2t protein and rfA |evels

Darnpened ME cell activity
Increased granu locytes

T LG (Gr-1)

-I:uhre'.'iaﬁnns: [FPd-y, interfemn-y; MK, natural killer.
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Hlavni skupiny imunotoxickych latek

PAHs — Polycyklické aromatické uhlovodiky




Polycyklické (polykondenzovaneé) aromaticke uhlovodiky

« vznik pri horeni a spalovani ‘O ‘O O
e pritomné napr. v dehtu ‘O O O‘O

- velmi heterogenni skupina
(vétsina studli realizovana s
modelovym zastupcem -

BlaP)

* znama je karcinogenita Penzlajanthracen

po metabolické aktivaci O
ep(o l;flg'/(/j() reaktivnich OO‘O _‘O

Benzol[K]flluoranthen Cyclopenta[cd]pyren

Pyren Phenanthre Fluoranthen

Benzo[a]pyrep




Aktivace — oxidace PAHSs
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FIG. 1. Metabolism scheme of BaP.




PuUsobeni PAHs na |.S.

« Nekteré efekty podobné s PCBs, PCDD/Fs
 planarni struktury (PAHs jsou méne persistentni: degradace)
- toxicita zavisla na AhR

- Rada uéinkéi na regulacni procesy (predmét studia)
- ER, apoptoza, modulace interleukind ...

« Selektivni toxicita pro makrofa
— fagocyt: rada oxidacnich reakci pri vzplanuti
— aktivace /oxidace/ PAHs -> TOXICITA yT
— PAHSs = redoxni cyklatory

A
_ Scheme 5.1. Formation of 6-phenoxy radical from benzofa]pyrene-6,12-quinone (see Chapter 3).




Imunotoxicita UV zareni




UV zareni

« UV-B
« = Karcinogen
= Imunosupresant

« Lokalni imunosuprese
« selektivni aktivace CD8 (Ts)

« pokles Langerhansovych bb.
— neschopnos prezentovat Ag
— inhibice hypersensitivit (ekzémy, lupenky)
— aktivace keratinocyt( - produkce cytokinG

« Systémova imunosuprese \ s b
RTE g -
« selektivni indukce Ag-specifickych @ ) ‘

supresorovych T-b. e ‘
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Imunotoxicita UV - fotoaktivace alergenu

 Kontaktni fotoalergie
— hypersensitivity po metabolicke aktivaci
— fotoaktivace latek - po plsobeni svétla UV

v INDU(i'll‘ION ELICITATION
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- FIG. 1. ir m.nologic mechanism of conlact photoallergy.
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Kontaktni fotoalergie - priklady

TABLE 1. Subst:-nces reported to produce
photoallergic cor: act dermatitis in humans:
classe: and compounds

‘Anlimicrobial ag: Ws
3.8',4',5-Tetrar:=1lurusalfcylanilide (TCSA)
3.4',5-Tribmm-:x;alicylanilida (TBS)

3,4,4",-Tribror:.« carbanilide (TCC)
Hexachloropt =: e

. Odoranty,
Fragrances &

+ Musk ambret| MOsUusy
: 6-Methylcoum in

PTant derivalives

: Balsam of Per.;
.. Wood mixture
" I =

L

éunscreens S|02ky

- p-Aminobenzo'. acid (PABA) ,
Ocly! dimethyl F ABA opalovacich

. Oxybenzones s o
Butyl methoxy: Jenzoylmethane | kremu

- Sulfanilamide

Chlorpromazinn
Promethazine

—— 1




Imunotoxicita

toxickych (tézkych) kovu




Olovo

- Vyznamna je obecna toxicita
— nefrotoxicita, CNS a obecné ucinky na hemopesu

- Epidemiologické studie v imunotoxikologii
— zvySena nachlazeni a chripky
— snizeni celkovych hladin Ig
 Snizeni odpovédi na tetanovy toxoid
— snizeni aktivit komplementu
« Neschopnost lyzovat imunokomplexy -> poskozeni ledvin

* Mechanismy

» ucinky na B-bunky (vedle snizeni hemopoesy)

— ZVYSENI hustoty MHC II mk (B-b., MF, dendritické b)
 Pb narusuje degradaci starych MHC 1)

— efekty Pb na signalni transdukce
o Ca2+ / cAMP / proteinkinasa C




TABLE 1. Decreased hos! resistance (o pathogens due to lead exposure

Hos: Pathogen Pb exposure Pb elfect Reference
Mouse (Sv. s Salmonella Pb-nitrate, daily 30 10-fold | in LD, 28
Websls-) typhimurium d, 100-250 for bacterial
ng ip challenge
Mouse (C: 1, ) Encephalomyo- Pb-acetate, 2 wk ! Incidence and 29,30
cardilis virus 10~-50 mM, rate of lethality
drinking H,0O
Mouse (CB.. I, ?) Usteria Pb-acetate, 2 wk I Incidence and 31,32
: monocylogenes 0.4-10 mM, rate of lethality
: drinking H,0
Rat (Chailes Escherichia coli, Pb-acelate, 2 t Mortality 33
hivel, ) Strephyloenc- mg/10 gbedy | _
: cus epidermis weight v o
Ral (Sprague- Endotoxin, gram-  Pb-acelwn, 1--3 10°-fold 1 in le- 34
Damey, ?) negative spe- mg/1C0 7 bndy thality to endo-
cies ' weight i toxemia
Rat (Spregue- Endotoxin (E. coli) Pb-acetats, 2 10%-fold 1t in le- a5
Dawley, ) mg/10G g body thality to
weight iv endotoxemia
Ral (c.nat 4 Endoloxin, (Sal- Pb-acelate, 0.854 t Lethality lo en- 36
River, « monella en- mg/100 g body doloxemia
; teriditis) weight iv
Rabbit (Ne v . Pseudorabies Pb-acetate, 10 wk 10-fold | in se- 37
,Zealan’. 4) virus 2500 ppm, rum neutral
! drinking H,0 aclivity




Arsen

. asty kontaminant ZP (piida, voda, jidlo ...)
— As3* i As®* - vazba s DNA (genotoxicita)
— Black foot disease (Bangladés)

« Imunotoxicita

» vzrlist mortality u rady infekci a vzrist
incidence nador
- prima inhibice NK a Tc (CTL)

— Imunotoxicita jednim v
Z meChanImu . BT:;EF;:| OUTSIDE CELL Arsanic

karCinOgenity 5 }/mm\
« dalsi efekty: o m
S

- v V4 N ’ 7 ’ 0 . [o) "‘h-.." '
ovlivneni signalovani kortikoidu : C

Arsenic Blocks the receplor




- Obecna toxicita (1)
— akutné: poskozeni DC

— chronicky: poskozeni CNS,
poskozeni ledvin (vC€. Ukladani
imunokomplext = autoimunita)

E

 Imunotoxicita

« silna indukce B-b.
- honaIm proliferace
- zvyseni Ig (IgE a IgG)
« zvysené hladiny ANA- Ab
anti-lamin-Ab: A
— autoimunitni reakce_ ol

SERum IgE CONC. (pg/ml)

14 o

FIG : 1% Klneﬂcs of serum IgE ¢arcentration in BN re: ls mjecled with various doses ol HgCIz. ;
(from 20 lo 1.25 pg/100 g body + reagh! thrice weekly) or control solulion {H20}. :




* Profesionalni expozice Be = Karcinogenita
« Pneumonie, tracheitidy = chronicka berylioza

 V experimentech nejvyznamnejsi hypersensitivita
— BelT: specificky test proliferace T-b. v reakci na BeSO,

Inflammation
(eosinophils, neutrophils)




Soli fady kovu (profesionalni expozice) - chronické zanéty DC

TABLE 3. Examples of inhaled metallic sz i kirown to cause pulmonary reactions (114-116)

—

Melal salt

Sources of exposure

= —

Injury produce- :

Aluminum

Anlimony trichloride, anti-
mony penlachloride

Cadmium

Cobalt sulfate/chloride

Copper sulfale
Mahganese dioxide

Nickel carboriyl/sulfate

Chloroplalinum

Selenium _hycirocmoride

Titanium tetrachloride
Vanadium penloxide

- " Zinc oxide

Aluminum s¢ne'ting
Sleel indus iy, nrganic cala-
lysts

~ Electroplatirj, vaint and

peslicide : nanufacturing,
cutting Flaled melals

Metal alloy rianufaclure, es-

pecially tungsten carbide
calalyst

Vineyard sp ayers

Chemical, daltery manufac-
turing :

Melal alloys, eleclroplaling,
welding :

Mining ana : netallurgical in-
dustries, is a catalyst in
the chenii ;al induslry, in
calalytic ¢ mnverlers

Melal induit y, paints, glass
productics

Dyes, pigm.e nts, sky wriling

Calalyst in chemical and pe-
troleum industries

Sleel, paverient and pesli-
cide indu.\ries

Potroom asthma
Pulmonary edema

Diffuse airway and lung inju-
ry, renal injury; lung
carcinogen, pulmonary fi-
brosis

Acute inhalalion can cause
pulmonary edema; chronic
exposure may cause inler-
slitial fibrosis, aslhma

Palchy pneumonitis

Parenchymal injuiy

Pulmonary edema, asthma

Asthma

Airway injury

Upper airway injury

Asthma, tracheilis, and bron-
chilis

Asthma



Dalsi skupiny chemickych latek

a jejich vyznam v imunotoxicite




Organicka rozpoustedla

- Obecna toxicita (1)
— nefrotoxicita (poskozeni ledvin)
— > vyssi riziko infekci
— - zvys. ukladani imunokomplext: hypersensitivita

« Priklady a jejich toxicita

— Benzen
« hemopoeticka toxicita (vC€. leukemir)

— Tetrachlorbenzen, trans-1,2-di-Cl-ethylen, 1,2-di-Cl-ethan
« umrtnost mysi na infekci Klebsiella v DC (? efekty na epitel)

— 2-methoxyethanol
« vyznamny imunotoxikant (uzliny, thymus)
« suprese bunécné (Tc) odpovedi

- Smési rozpoustédel: epidemiologické studie
— vzrQst détskych leukemii

— vzrUst plicnich a ledvinovych infekci
— pokles poméru CD4/CD8




Mykotoxiny

« Chemicky siroka a heterogenni skupina

« Velky vyznam obecna toxicita !
— hepatotoxicita / karcinogenita

Macrocycllc Trichothecenes

L J\ EQ e
?A/ T;“h/ |
Roridin E Verrucarin J Satratoxin H
o o o o
o mon 0 HO 0o
OCH3 o 0CHsy : .
6y Gz

Fig. 1 Structures of aflatoxins B,, By, G, and G,.




Mykotoxiny = ucinky na bunecnou imunitu

» Aflatoxin
— vyzaduje aktivaci (jako PAHS)
— -> reaktivni latka: hypersensitivity
— efekty na buneécnou imunitu (T-b., NK ...)

 Trichotheceny
— efekty na bunécnou imunitu
— T-b., pokles CD4/CDS8

* Ochratoxin
— neprokazany specifické inhibice jednoho typu
— = silny efekt na NK
« zvySené incidence nadort (ledviny, mocové cesty)




Pesticidy

« Velmi heterogenni skupina latek
— rldzné chemické vlastnosti / toxicita
— nejvyznamnéjsi imunotoxické ucinky
- Organochlorové pesticidy (OCPs) - viz dale

— noveé skupiny pesticidd:
- relativné bezpecnéjsi (byly testovany pred uvedenim na trh)

 Efekty prokazany i v neoCekavanych pripadech
— herbicidy > imunotoxicita

Karbamaty a organofosfaty Triazinové herbicidy
trazi
carbaryl . (atrazin) o
7 W A )\
)I\ Hﬂ‘—{i »—NO,

N S \ / GHs "‘l =y
J
f”/l\
oC = e

hydrolyza o L.~
x':EiFHS‘E\
| o

o

_ Haismer Haiseer




Organochloroveé pesticidy

 Velmi nebezpecné: persistence a akumulace
 Patri mezi POPs (jako PCBs...)
 Celosvétove zakazana vyroba
- Obecna toxicita (1)

— hepatotoxicita / neurotoxicita

— anemie, vzrlst détskych nadord

 Lindan
— gamma-hexachlorocyklohexan
— velmi variabilni studie na imunotoxicitu

— Toxikologie - spiSe jiné typy toxicity (karcinogenita)
a
a ‘

;
Cl
GIEES l




Dalsi organochlorove pesticidy

* Drinove insekticidy
— Aldrin / Dieldrin / Endrin /Chlordan / Heptachlor

- Nejvyznamnejsi efekty u MF
— inhib. fagocytozy a produkce NO
— potvrzeno i v epidemiologickych studich

Dieldrin Aldrin Endosulfan Heptachlor
Ck;, €l

. caoqa CI Cl
al ¥ - al Cl a ’//‘NO\ cl Cl
a )\ g AT I ClH—cl =0 |
V" H a1 Cl 0
i - Cl
o Cl cl

Cl




Cl
Cl Cl

- fada efektl v¢. epidemiologickych studii
« mechanismy vsak neobjasneny ol cl
« nejvyznamnéjsi: endokrinni zmény

- efekty na I.SJ.

Table 1. Summary of the effect of DDT on the immune system

Species Exposure Effect Reference

Chicken 100 ppm for 40 days oral exposure Decreased weights of thymus, bursa, spleen Exon etal., 1987
Mo effect on anti-SRBC titer

Chicken 625 ppm for 6—8 weeks oral exposure No effect on anti-Salmenella pullorum titer Exzon etal., 1987

Chicken 100—-400 ppm for 5 weeks oral exposure Mo effect on anti-BSA titer Exon etal., 1987

Fabbat 4-150 ppm for 5 weeks oral exposure Mo effect on antibody production Exon etal., 1987

Fabbit 200 ppm for 35 days oral exposure Suppressed anti-Salmonella typhi and anti- Exon etal., 1987
ovalbumin Ighd and IgG titers

Guinea pig 15mg kg 1p. Mo effect on anti-diphtheria titer Gabliks et al.. 1973

Iiouse 0.1 LDs; (30 mg /kg) by gavage No effect on antibody production Wiltrout, 1978

before immunization

Rat 0.25 mg /kg for 31 days by gavage No effect on phagocytosis by neutrophils Kaliser, 1968

Fat 1.5 10 mg/kg 1.p. Decreased phagocytosis by penitoneal macrophages Kaminski et al_, 1982

Human 10 pM in vitro exposure of PMN Decreased chemotaxis Exon etal., 1987

Abbreviations: BSA, bovine serum albumin; IgG. immunoglobulins with + type heavy chains; IgM, immunoglobulins with p tvpe heavy chains; 1.p.,
mntraperitoneally; PMN, polymorphonuclear leukocytes; SRBC, sheep red blood cells.




Cigaretovy kour

* Vice nez 4000 latek

— CO / CO2 / nikotin / PAHs, N-nitrosoaminy ...
* Pasivni koureni

— nizsi teplota = vice PAHs (1)

— DNA-adukty = riziko nadorl

100 1. 2-Pentene 13. benzene 20 24
2. 2-Wethyl-1,3-butadene 14. Furf ural
3. 2-hlethyl-2-Butene 15. Toluene
4_ 1, 3cyclopentad ene 16. 1,2-Propanediol
5. 1-hexene 17. Lim onene
&. hexane 18 Indol e
7. 2-hl et vdfaran 19. 2,3.5,6-Tetram et hyl phenol
&. 4+l et hyl-2-Pent ene 20_HNic oline
9. et hyl-2-Pentene 21. B-Nic oline
10. 1,3cyclohexadiene 22 2,7 -bipyridine
Z 11. L 4cyclohexadene 23. 1, 4-dihydrophersant hrene 25
12_ 4+-met hylcycl opent ene 24_Meophyt hadiene
25 Hexadecanoic Acid
1 23
2
7 19 i
] |3 '3 15 16 i 12"“‘ 1
l 11 | M# rhl 1 ] '1.‘}.‘ Ll u
1 4 §f A
_ 1] hul_" J‘ “—"J / ,E L“mm.i.'d Lt e Vb """""i\\'
T T LA IR R I R AR B L L R L B B TELENL R
1EI 0 25 0 40.0 5.0




Cigaretovy kour

« Imunotoxicita:
— Zvysena hyperaktivita v plicich (MF + ROS, basofily)
— Casté chronické zanéty v DC
- infekce (chripky)

— Snizeni Ab v primarni odpoveédi
- | déti - nereaguji na vakciny
 ALE: koureni = mensi riziko alergii




Toxické plynné polutanty ZP

* O; / NOx / SOx / prach

— Zakladni a nejvyznamnegjsi kontaminaty ve vzduchu
— spalovani, soucast smogu (smoke & fog)

 Epidemiologie v kontaminovanych oblastech
— zvyseny vyskyt virovych onemocnéni D.C.
— infekce Casté u déti + alergie/astma

- == NO
. uv hitric oxide
. HO 7\ o,
NOQ-LO
b h oL BRLAAS B ke ) pp—— 0 hydro-
B e % g e S e, (el carbons
- 1 1 - ARl = o

- 1° air photochem-
pollutants ical smog

~/NO hydrocarbons



Azbest

e inertni vliakna

— kfemicitany horecnaté / vapenato-
horecnate

« Karcinogenita spojena s
imunomodulaci
— usazovani vlaken v plicich: invaze MF
— snaha o odstranovani: hyperaktivita
— Produkce ROS: leze v plicich
— Stimulace ristu epitelu > azbestoza

« Dalsi ucinky na I.S.

— pokles poctt inhibicnich CD8
T-bb (souvislost s nadory ?)

— stimulace B-b. = autoprotilatky




Dalsi vyznamne chemicke latky

« Promotory karcinogeneze - forbol estery
— TPA (12-O-tetradecanoylphorbol 13-acetat)
— benzoyl peroxid

— anthranil
- pokles poctii Langerh. B.
 stimulace CD8 (Ts)

» Cyklosporin B
— produkovan ptdnimi houbami
— velmi ucinny imunosupresant - inhibice T-b
— farmakologie autoimunitnich chorob (psoriaza)

— imunosuprese pfi transplantaci Hac|

(CHaHCHCH;  GHy
- /Ly “ﬁk
C'H Q
CHICH
(CHgl2GHCH, (e SreCHCH
o o g —CHG
N N
_ LY "'LT
(&} H CHs 0O CHa 4]
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Retinoidy - stimulace |.S.

« Stimulace
— T-bunky
— Humoralni odpovédi
— Produkce stimulacnich cytokind

« Farmakologie keratinozy klize, akne, psoriazy
 Prevence rakoviny klze




