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Effects of Pahs and Pcbs and Their Toxic Metabolites on
Inhibition of Gjic and Cell Proliferation in Rat Liver Epithelial
Wb-F344 Cells

Miroslav Machala', Jan Vondracekl’z, Katerina Chramostovaz, Lenka Sindlerovaz,
Pavel Krcmar', Martina Pliskoval, Katerina Pencikova' and Brad Upham3
"Veterinary Research Institute, Brno, Czech Republic
*Institute of Biophysics, CAS, Brno, Czech Republic
3Michigan State University, East Lansing, MI, USA

The liver progenitor cells could form a potential target cell population fore both
tumor-initiating and -promoting chemicals. Induction of drug-metabolizing and antioxidant
enzymes, including AhR-dependent CYPIAIL, NQO-1 and AKRIC9, was detected in the
rat liver epithelial WB-F344 stem-like“ cells. Additionally, WB-F344 cells express a
functional, wild-type form of p53 protein, a biomarker of genotoxic events, and connexin
43, a basic structural unit of gap junctions forming an important type of intercellular
communication.

In this cellular model, two complementary assays have been established for detection of
the modes of action associated with tumor promotion: inhibition of gap junctional
intercellular communication (GJIC) and proliferative activity in confluent cells. We found
that the PAHs and PCBs, which are AhR agonists, released WB-F344 cells from contact
inhibition, increasing both DNA synthesis and cell numbers. Genotoxic effects of some
PAHs that lead to apoptosis and cell cycle delay might interfere with the proliferative
activity of PAHs. Contrary to that, the nongenotoxic low-molecular-weight PAHs and
non-dioxin-like PCB congeners, abundant in the environment, did not significantly affect
cell cycle and cell proliferation; however both groups of compounds inhibited GJIC in
WB-F344 cells.

The release from contact inhibiton by a mechanism that possibly involves the AhR

activation, inhibition of GJIC and genotoxic events induced by environmental contaminants

are three important modes of action that could play an important role in carcinogenic effects

.35 .
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of toxic compounds. The relative potencies to inhibit GJIC, to induce AhR-mediated
activity, and to release cells from contact inhibition were determined for a large series of
PAHs and PCBs and their metabolites. In vitro bioassays based on detection of events on
cellular level (deregulation of GJIC and/or proliferation) or determination of
receptor-mediated activities in both ,stem-like“ and hepatocyte-like liver cellular models
are valuable tools for detection of modes of action of polyaromatic hydrocarbons. They

may serve, together with concentration data, as a first step in their risk assessment.

This work was supported by the Czech Ministry of Agriculture grant No. MZEQO002716201.
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EFFECTS OF PAHs AND PCBs AND THEIR

TOXIC METABOLITES ON INHIBITION OF
GJIC AND CELL PROLIFERATION IN RAT
LIVER EPITHELIAL WB-F344 CELL

- . Miroslav Machala'; J. Vondracek', K. Chramostova?,
s:ndlerova2 Z. Andrysik?, P Kapplova!, K. Pancikova', P, Krcma
Plrskova‘ A Kozubnk- B Upham’

atinary Rescarch Iqst_:tute. Brivo, Gzech Républic
e of Bophysics, CAS, B publi
iant Stase Univeristy, East

eterinary Research Institute, Briio, Czech Republic

- -Genotoxic and nongenotoxic (epigenetic
- “mechanisms are involved in chemical:
carcinogenesis after exposure to PAHs

AhR-dependent induction of CYP1A, CYP1B; metabolic actwataon
- promutagens ==p DNA adducts
| +. oxidative stress smmp- OxIdative DNA damage
FUMOR PROMOTION :
+ Activation of AhR a other transcription factors sssp modulatiorn of cel
cycle, increased DNA synthesis and cell proliferation
+: Oxidative stress, modulation of intracellular signat transduction.
pathways, protein kinases, phospholipases -
# Inhibition of GJIC s release from homeostatic control
CYTOTOXICITY (APOPTOSIS)
+ Retease of arachidonic acid {lymphocytes)
+ Activation of transcription factors (p53, p21) e ceil cycle arrest
{block in S-phase}, DRA repair or cascade of apoptotic signals)

Veterinary Research instifute, Brno, Czech Republic

IN-VITRO BIOMARKERS OF EXPOSURE AND EFFECT
CAN BE DETERMINED AT CELLULAR AND
SUBCELLULAR LEVELS:

EVENTS ON CELLULAR LEVELS:
‘CYTOTOXICITY | GENOTOXICITY  CELL GYCLE ARREST / APOPTOSIS -

'ODULATION OF CELL CYCLE / CELL PROLIFERATION:
HIBGTION OF GAP-, JUNCTIONAL!NTERCELLULAR COMMUNICATION (GJIC)

O
tJEL

* Bt [

vriAY

w3 |

«71“

g M“‘\

AN

e ,(7’_1_

: e“ {progenitor).
: 'ells (model: non-transformed fiver eplthehal
WB-F344 cells)

2) primary hepatocytes / hepatoma celf lines
(e:g., rat hepatoma H4IIE cells)

|

Veterinary Research Institute, Beno..Czech Repubtic
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“in human liver both dedifferentiation of mature hepatocytes and
‘maturation arrest of pragenitor cells may lead to hepatocellular
carcinoma in Kumans* (Roskams et al., 2003}

wmm Dﬂ:renn;nm
aemuuc:u

Dﬂﬂbﬂﬂbbﬂﬂﬂmﬂ Low-molecular-weight PAHs inhibit
GJIC in rat liver “stem-like” WB-F344
cells

i Eve
1¥ay bexer ag e v
o sy el

Cotityped | Resu of Shrisfornation. Resuif of transtomution
18il Dacs EpisRetium} mly mﬁmng. pootly’ mﬁym
: Forermtiatec mmnr

Veterinary Research msﬁ(mlb, Brne, Czech Republic Veterinary Resgarch Insfitute, Brng, Czech Republic

g b ! ) ' : .
" ‘Nougenotoxic PAHS wi}h no significant AhR-inducing potency Dose-dependent inhibition of GJIC by PAHs in the
inthibit GJIC (I'iluoranthene_. 30 min exposure) WB-F344 celis (30 min exposure, SLIDT assay)

Control (MSO)

Wam i i {818k ot ut,, Fosiced, Sei.. 65, 43, 2002

Veterinary Research ins 3 i @ Veteri Research Institute, 8mo, Czech Republic Eﬂ

INHIBITION OF GJIC: CONCLUSIONS

+ Low-molecular-weight PAHs incl. fluoranthene,
pyrene, and phenanthrene inhibited sngmfcantly A
GJIC; most of high-molecutar-weight PAHs with PAHs induce AhR-dependent
known strong carcinogenic properties possessed e mrdon 13 Lo o b6 [STPR
only weak (DBPyrenes) or no inhibition potency (“dioxin-like*) activity in hepatoma and
{DBakF, DEajF, N[23a)P) non-transformed liver epithelial cells
Using of selective mhnbltors of protem kinases
suggested mechanism of inhibition of GJIC after
exposure to PAHs different from effects of EGF or
TPA; possible roles of src kinase, PC-PLC and DAG-
hpase in this process.
Receptor tyrosme kinases EGFR, ErbB-2, and NGFR,
as well as mitogen-activated protem kinases ERKA1/2,
p38, PKC, Akt, phospholipases PI-PLC and PLA2 are
probably ‘not involved in the GJIC inhibition by PAHSs.

Veterinary Research Institute, Brno, Czech Republic ﬂﬂ Veterinary Research Institute, Bmo, Czech Republic ML-
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Aryl hydrocarbon receptor-mediated activity of PAHs AhR-mediated induction of luciferase reporter gene in CALUX assay by
determined using in vitro reporter gene (DR-CALUX assay} : TCDD, benzofkjfluoranthene {B{KJF), dibenzola,ijpyrene {DBJai]P),
benzo[a]pyrene (B[a]P) and cyclopentafc,dlpyrene (CPlcd]P) after 24 h
exposure {Machala et al., Mutat, Res. 497, 49, 200%)

ity - S

1B LEAL: 1809

AR 3 CARCRNLERLicn (M)

e 1000 AN BIIF W DBAIP. e DRpAP G CRal

PAHs, which are AhR inducers, increase DNA™ -
.Synthesis, % S-phase and number of cells (refease. -
rom contact growth inhibition) in WB-F344 cells
{Chramostova et al., TAAP 196,136, 2004)

BBF . % ofS phate BRF ceInumber

" Fiuorsconco ruy

Fraonqahon

Induction. hR-Jependint
EROD

Real time RT-PCR of CYPIAT mRNA inhibifior

(detection with TagMan probesy by atpha-NF

Veterinary Research institule, Brno, Czech Republic

o —

Release of confluent cells WE-£344 celfs from contact

inhibitio
£h|_'_'l Senzolbifivcanthans. -_AbR(ndum
Cell number

iIncrease ih DNA synthesis (BEdU ificorporation / DNA double sta_inir{g) .
nd detection ol Apoptosis (DNAJabeling with QAPI) in WB-F344 <elly

Reference compounds

% apoptotic colls

Benzofalpy

0BalP 10 1M

Genptovic PAHE stimulate BNA senthosis and indace pS3-depéndent ‘-\(N;[lhhi\
(Chuamostiva gt at, Foxieot Appl. Pharmaced, 196, 136, 2004}

Veterinary Research Institute, Brno, Czech Republic

Veterinary Research Institute, Bmo, Czech Republic
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CLASSIFICATIOﬂ OF PAHs ACCORDING T
MAJOR MECHANISMS OF ACTION

Low-molecular-weight bAHs {fluoranthene): tumor promotion
{inhibition of GJIC}, arachidonic acid.release

Genotoxic PAHs {BaP, DBaIP) — DNA adducts, oxld;mve damage
P53 activation and apoptosis. however, they increa -pha
percentage and DNA synthesls of smali portion of survwed cells

AhR ligands (benzoﬂuqranthenes BaA, chrysene)
- induction of CYP1A, CYP1B: increase in metabolic activation of
promutagens;

- tumor-promoting acuvny profiferation of fiver epitheliaf cefls

Multiple modes of action of PCBs

ENDOCRINE DISRUPTION
AhR-dependent {* dnoxnn4|ke } activity;
Modulahon of biosynthesis. and metabolism of steroid hormones (CYP19,

uppres n of thyroid hcrmone signaling (binding to TTR, ThR
transactivation, ...
Weak estrogeriicity of lowermolecular»we:ght PCBs, antiestrogenicity of
prevalent di-ortho-: ‘substituted PC
Antagonistic effects on androgen receptor activity

TUMOR PROMOTION

4 increased proiferation / release from contact inhibition {AhR-dependent
aetivity) - modulation of cell cycie, increased DNA synthesis and cell
profiferation

L lnhlbmon o' apoptosts {both AhR-dependent and AhR-independent

b Addmonal modulanon of intracellutar signal transduction pathways, protein
kinases, phospholipase:
Inhibition of GJIC - release from homeostatic contro} .
. EFFECTS ASSOCIATED WITH NEUROTOXICITY
# Dopamine depletion
4 Disruption of calcium homeostasis and release (RyR, Ca-ATPase, Ca uptake)

e

Veterinary Research Instiute, Brno, Czech Republic
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INHIBITION
OF GJIC

|

uts, Brno, Czech Republic

Classification of PCB congeners

# Coplanar PCBs

. M%rbos-ortho-substltuted PCBs (156> 114,118> 189> 74
>

+ Prevalent dr~ortho substituted PCBs (138,153, 170 180 >
187 >>...)

# Episodic PCBs (18,49,149,
4+ OH-PCBs, MeSQ,-PCBs

Veterinary Research institule, Brno. Czech Republic Eﬂ

EFFECTS OF PCBs ASSOCIATED WITH
TUMOR PROMOTION:

INCREASED PROLIFERATION AFTER
EXPOSURE TO AhR-INDUCING PCBs

Veterinary Research Institute, Brmo. Czech Republic
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PCBs, which are AhR
inducers, increase DNA
synthesis, % S-phase and
number of cells (reiease from
contact growth inhibition) in
WB-F344 cells

Veterinary Research institute, Brno, Czech Republic

INHIBITION OF GJIC IN WB-F344 CELLS

vehicle PCB 126 [PCB 153

!
\
{

A
F T ?7"

4

Veterinary Research tnstitute. Bro, Czech Republic

inhibition of GJIC by coplanar and noncoplanar PCBs

A dose-respanse curves {after 30 mun exposure),
B, persistent inhibition by noncoplanar PGB PCB 126 (3.3

5
biphenyl} 1s coplanar AhR inducer, PCB 153 (2,2' 4 4,5 5-hexachiorobiphenyl) s &

prototypcal noncoplanar congener

Veterinary Research insttute, Brno, Czech Republic

.41 -

EFFECTS OF PCBs ASSOCIATED WITH
TUMOR PROMOTION:

IN VITRO INHIBITION OF GJIC
BY ORTHO-SUBSTITUTED PCBs AND
OXYGENATED PCB METABOLITES

Veterinary Research institute, Broo, Czech Republic

Adack of GJIC recovery in PCB 153-treated WB-F344 cells

Inhibition of GJIC in the WB-F344 cells exposed to selected
hydroxylated PCBs (Machala et al., Chem. Res. Toxicol. 17, 340, 2004)

T e donbcaie TS Jadomeces
o LOKPCB 107 -3 4.4-OHMPCB 12
- 1-OH-PCB 148 + 244 Chphensd-BQ

T T 5 243 4 drChp

Veterinary Ressarch Institute, Brno, Czech Republic
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Veterinary Research Instifute, Brno, Czech Republic

CONCLUSIONS CHANE YOU

Di-ortho-substituted {noncoplanar}, mono-ortho-chiorinated PCBs
ang OH-PCBs acted as potent inhibitors of GJIC in micromolar
concentrations. Coplanar PCBs ({strong inducers of aryl
hydrocarbon receptor} possessed no acute inhibitory potency.

Coplanar and mono-ortho-substituted PCB congeners increased %
S-phase and total numbers of liver epithelial cells (proliferative
activity}.

Veterinary Research tnstitute. Brno. Czech Republic Eﬂ
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