Molecular and Cellular Biochemistry 222: 29-34, 2001.
© 2001 Kluwer Academic Publishers. Printed in the Netherlands.

Arsenic-induced NFxB transactivation through
Erks- and JNKs-dependent pathways in mouse
epidermal JB6 cells

Chuanshu Huang,' Jingxia Li,' Min Ding,* Liying Wang,* Xianglin
Shi,? Vincent Castranova,? Val Vallyathan,” Gong Ju? and Max Costa'

'Nelson Institute of Environmental Medicine, New York University School of Medicine, NY; *Health Effects Laboratory
Division, National Institute for Occupational Safety and Health, Morgantown, WV, USA, 3The Institute of Neuroscience,
The Fourth Military Medical University, Xi’an, PR. China

Abstract

Tumor promoting effects of arsenic are believed to be associated with its transactivation activity on transcription factors, such
as AP-1 and NFkB. However, the results from different groups studying the effects of arsenic on NFkB activation are contra-
dictory in different cell models. Since arsenic is a strong skin carcinogen, we have investigated the activation of NF«xB by
arsenic in a mouse skin epidermal cell line, JB6 cells. Exposure of cells to arsenite or arsenate led to NFkB transactivation in
mouse epidermal JB6 NF«kB-luciferase reporter stable transfectants, C141 NF«B mass,. This induction of NFkB activity by
arsenic was dose- and time-dependent. The transactivation of NFkB by arsenic appeared to be through activation of Erks and
JNKs pathways because increased NFkB activity by arsenic could be dramatically inhibited by either pre-treatment of cells
with PD98059 or overexpression of dominant negative JNK . That Erks activation is required for arsenic-induced NFxB
transactivation was further supported by the findings that arsenic-induced NF«B transactivation was impaired in JB6 30.7b
cells, which were deficient in Erks. (Mol Cell Biochem 222: 2934, 2001)
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Abbreviations: NFkB — nuclear factor-kB; AP-1 — activator protein-1; Erks — extracellular signal-regulated protein kinases;
MAPK — mitogen-activated protein kinase; P* — tumor promoter-sensitive; P~ — tumor promoter-resistant; JNKs — c-Jun N-
terminal kinases; FBS — fetal bovine serum; MEM — minimal essential medium

Introduction estimated that 1.5 million industrial workers are potentially

exposed to arsenic and its compounds during manufacturing

Arsenic is a well-recognized compound widely distributed
in food, water, air and soil [1-3]. Arsenic exposure is accom-
panied by many diseases, such as cancers of the lung, skin
and liver [2—6]. Arsenic is released to the atmosphere from
both natural and anthropogenic sources. Global natural emis-
sions of arsenic and arsenic compounds have been estimated
to be 8000 tons each year, whereas anthropogenic emissions
are about three times higher, 23,600 tons per year [7]. NIOSH

and processing operations [8]. Arsenic can exist in many
chemical forms. Inorganic trivalent arsenite and pentavalent
arsenate are the most important forms in causing diseases [8,
9].

One of the sensitive targets for arsenic toxicity is the skin.
Both inorganic and organic forms are absorbed by human and
animal skin [8, 9]. Animal experiments show that following
chronic exposure, arsenic accumulates in the skin and hair
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[8, 9]. Although arsenic is ingested and absorbed from the
diet, the skin is a major target organ. Some previous studies
suggested that the accumulation of arsenic in skin increased
sensitivity of skin to ultraviolet (UV) light and elevated the
risks of UV carcinogenic effects [10, 11]. Many cases of skin
cancer have been recorded among peoples with occupational
or medical exposure to arsenic [8, 9]. Epidemiological evi-
dence has shown an excess of skin cancers following arsenic
exposure. Although arsenic is acknowledged to be highly car-
cinogenic to human skin, its mechanism of action at the
cellular and molecular level in skin is not well understood.
Arsenite was demonstrated to promote altered gene expres-
sion and modify intra- or inter-cellular communications [12,
13]. Arsenite was found to be a potent stimulator of AP-1
activity, but not NFkB activity in Hela cells [14]. Ludwig et
al. [15] reported that arsenite induces Erks activation through
MAPK kinase 6/p38-dependent pathways. Recently, we dem-
onstrated that low concentrations of arsenite induced Erks
activation and this Erks activation was required for arsenite-
induced cell transformation [13]. High concentrations of ar-
senic induced cell apoptosis through JNKs pathways [16].
Here we investigated the effects of arsenic on NFkB activa-
tion and the signal transduction pathways involved in NFkB
activation.

Materials and methods

Cell culture and agents

Mouse epidermal JB6, C141 and 30.7b cells as well as their
NFkB-luciferase reporter stable transfectants were cultured
in monolayers in Eagle’s minimal essential medium contain-
ing 5% fetal bovine serum (FBS), 2 mM L-glutamine, and
25 pg of gentamicin/ml [17]. Fetal bovine serum was from
Life Technologies, Inc. (Rockville, MD, USA); Eagle’s mini-
mal essential medium (MEM) was from Calbiochem (San Di-
ego, CA, USA); luciferase assay substrate was from Promega
(Madison, WI, USA); both arsenite and arsenate were from
Sigma (St. Louis, MO, USA).

Assay for NFxB activation in JB6 C141 cells

Confluent monolayers of JB6 C141 NF«kB mass, cells were
trypsinized, and 8 x 10° viable cells suspended in 100 p 1 of
5% FBS MEM were added to each well of a 96-well plate.
Plates were incubated at 37°C in a humidified atmosphere of
5% CO,. Twelve to 24 h later, cells were starved by cultur-
ing them in 0.1% FBS MEM for 24 h. Then, the cells were
exposed to arsenic (diluted in 0.1% FBS MEM at the con-
centration indicated; storage concentration of arsenic was

50 mM dissolved in PBS) for NF«kB induction and main-
tained in culture. After various time periods, the cells were
extracted with lysis buffer, and luciferase activity was meas-
ured using a luminometer (Monolight 2010). The results are
expressed as relative NFkB activity or relative luciferase
activity [18].

Statistical analysis

The significance of the difference in the NFxB activity was
determined with the Student’s #-test.

Results

Induction of NFxB in mouse epidermal JB6 cells by
arsenite and arsenate

Arsenite and arsenate were reported to have no effect on
NF«B activity in Hela cells [14]. To determine the effects of
arsenic on NF«B activation in mouse epidermal cells, we in-
cubated C141 NF«kB mass, cells, a stable JB6 C141 trans-
fectant with the NFkB-luciferase reporter, with either arsenite
or arsenate. The results show that treatment of C141 cells with
either arsenite or arsenate led to significant NFxB induction
(Fig. 1). A dose-response study indicates a concentration
dependent induction of NFkB activation by arsenic (Fig. 2a).
A time-course study suggests that treatment of cells with
arsenic resulted in maximal induction of NF«B activity (~ 70-
fold) at 2448 h of-arsenic treatment of cells (Fig. 2b). Then
the NF«B activity returned to near basal levels (Fig. 2b).
These results demonstrate that both arsenite and arsenate
induce very strong activation of NFxB activity in mouse epi-
dermal cells.

Inhibition of arsenic-induced NFxB activation by
PD98059

Arsenic was reported to activate JNKs and P38 kinase as well
as Erks in previous studies [13—15]. Our recent studies also
demonstrate that arsenite could induce activation of Erks and
JNKs in JB6 cells [13, 16]. To test the possible role of Erks
activation in arsenic-induced NFkB activation in JB6 cells,
we pretreated C141 NF«kB mass, cells with PD98059, an
MEK1-Erks pathway inhibitor, before exposure of cells to
arsenic. The results show that pretreatment of cells with
PD98059 results in marked inhibition of arsenic-induced
NF«B activation (Fig. 3). These data suggest that Erks may
play a role in arsenic-induced NF«B activation.
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Fig. 1. Induction of NFkB activity by arsenic in mouse epidermal JB6 cells.
8 x 10° C141 NF B mass, cells were seeded into each well of 96-well plates.
After being cultured at 37°C overnight, the cells were starved for 12 h by
replacing medium with 0.1% FBS MEM. Then the cells were treated with
either arsenite or arsenate at the concentrations indicated. After being cul-
tured for 24 h, the luciferase activity was measured. The results are presented
as relative luciferase activity. Each bar indicates the mean and standard
deviation of 4 identically treated assay wells. *Indicates a significant in-
crease from control (p < 0.05).

Arsenic-induced NFxB activation was impaired in JB6
30.7b cells

The JB6 mouse epidermal cell system includes tumor pro-
motion-sensitive (P*, C141) and tumor promotion-resistant
(P, 30.7b) cells [18-22]. Our recent studies demonstrated
that the lack of AP-1 activation and cell transformation re-
sponses to TPA and EGF in P~ cells is due to the shortage of
Erks in this cell line. To further determine the role of Erks
activation in arsenic-induced activation of NFkB, we com-
pared NF«B activation of C141 NF«B mass, cells to 30.7b
NF«B mass, cells. Results show that arsenic-induced NFxB
activity was dramatically impaired in 30.7b NFxB mass,
cells, while marked NF«B activation was observed in C141
NF«B mass, cells (Fig. 4). This result provides additional evi-
dence that Erks activation is required for arsenic-induced
NFkB activation.
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Fig. 2. Dose-response and time course-study of NF«B activation by arsenic.
8 x 10° C141 NFxB mass, cells were seeded into each well of 96-well plates.
After being cultured at 37°C overnight, the cells were starved for 12 h by re-
placing medium with 0.1% FBS MEM. (A) For dose response study, the cells
were treated with different concentrations of either arsenite or arsenate as
indicated. After being cultured for 24 h, the luciferase activity was measured.
The results are presented as relative NFkB activity. (B) For time course study,
the cells were treated with either arsenite (100 uM) or arsenate (100 pM) for
various times indicated and the luciferase activity was measured. The results
are presented as relative NFkB activity. Each value indicates the mean and
standard deviation of 4 identically treated assay wells.
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Fig. 3. Inhibition of arsenic-induced NF«B activity by pretreatment of cells
with PD98059. 8 x 10° C141 NF«B mass, cells were seeded into each well
of 96-well plates. After being cultured at 37°C overnight, the cells were
starved for 12 h by replacing medium with 0.1% FBS MEM. Then the cells
were first incubated with different concentrations of PD98059 for 30 min
and then treated with either arsenite (100 uM) or arsenate (100 pM). After
being cultured for 24 h, the luciferase activity was measured and the results
are presented as relative luciferase activity. Each bar indicates the mean and
standard deviation of 4 identically treated assay wells. *Indicates a signifi-
cant increase from control (p < 0.05).

Blocking of arsenic-induced NFxB activation by
overexpression of dominant negative JNK

Our previous results suggest that arsenite induces JNkB ac-
tivation [13, 16]. To test possible involvement of JNKs in ar-
senic-induced NF«B activation, we used a well-characterized
IB6 cell stable co-transfectants, C141 DN JNK mass, and
C141 DN JNK| mass, [13, 16, 23]. Results showed that ar-
senic-induced NFkB activity was dramatically blocked by
overexpression of dominant negative mutant of JNK,. This
result demonstrates that JNK, was involved in the signal
transduction pathway leading to NFxB activation in response
to arsenic.

Discussion

In the present study, we investigated the effects of arsenite
and arsenate on NFxB transactivation as well as its signal
transduction pathways in mouse epidermal JB6 cell lines. The
results show that treatment of NFxB-luciferase reporter trans-
fected mouse epidermal C141 cells with either arsenite or ar-
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Fig. 4. Arsenic induces NFkB activation in JB6 C141 cells, but not in 30.7b
cells. 8 x 10° C141 NF«B mass, cells or 30.7b NF«B mass, cells were seeded
into each well of 96-well plates. After being cultured at 37°C overnight,
the cells were starved for 12 h by replacing medium with 0.1% FBS MEM.
Then the cells were treated with either arsenite (100 uM) or arsenate (100 uM)
for various times indicated. The cells were harvested and the luciferase ac-
tivity was measured. The results are presented as relative NFxB activity.
Each value indicates the mean and standard deviation of 4 identically treated
assay wells.

senate leads to an increase in NFxB activity. This NFxB ac-
tivation appears to be time- and dose-dependent. The induc-
tion of NFkB could be significantly inhibited by pretreatment
of cells with PD98059, a specific inhibitor of MEK,-Erks
pathway. The important role of Erks in arsenic-induced NFxB
activation was further supported by the finding that NFxB
activation was impaired in 30.7b cell, a cell deficient in Erks,
as compared with C141 cells that exhibit normal expression
of Erks. Furthermore, the overexpression of the dominant
negative mutant of JNK also inhibited arsenic-induced NF«xB
activation. These results demonstrate that both arsenite and
arsenate could induce NF«kB transactivation in mouse epider-
mal cells, and that this induction appears to be mediated by
activation of MAP kinase family members, including Erks
and JNkB.

Environmental and occupational exposure to arsenic is
associated with increased risk of skin, urinary bladder and
respiratory tract cancers. A growing amount of evidence
demonstrates that arsenic acts at the level of tumor promo-
tion by activating the signal transduction pathways leading
to activation of transcription factors, which in turn modulate
the gene expression [12—15]. It has been reported that arsen-
ite is a potent stimulator for induction of c-fos and c-jun gene
expression, AP-1 transactivational activity and JNK activity,
but not NFkB activity in Hela cells [14]. Ludwig et al. [15]
reported that arsenite induces Erks activation through MAPK
Kinase 6/p38-dependent pathways. Because the skin is one
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Fig. 5. Blockade of arsenic-induced NF«kB activity by overexpression of
dominant negative mutant JNK,. 8 x 10° C141 NF B mass, cells, C141 DN
JNK, mass, cells and C141 DN JNK | mass, cells were seeded into each well
of 96-well plates. After being cultured at 37°C overnight, the cells were
starved for 12 h by replacing medium with 0.1% FBS MEM. Then the cells
were treated with either arsenite (100 pM) or arsenate (100 pM). After be-
ing cultured for 24 h, the cells were harvested and the luciferase activity
was measured. The results are presented as relative NFkB activity. Each
bar indicates the mean and standard deviation of 4 identically treated assay
wells. *Indicates a significant increase from control (p < 0.05).

of the major targets of arsenic, we recently addressed the
effects of arsenic on signal transduction pathways leading to
activation of transcription factors and MAP kinases in mouse
epidermal cell line, JB6 cells, and mouse skin [13, 24]. We
demonstrate that low concentrations of arsenite induced Erks
activation and that Erks activation was required for arsenite-
induced cell transformation [13]. In contrast high concentra-
tions of arsenite caused activation of JNKs, which mediated
cell apoptosis in mouse epidermal JB6 cells [16]. Very re-
cently, we also determined arsenic-induced activation of AP-
1 in vivo using AP-1-luciferase reporter transgenic mice [24].
It was found that arsenic could induce activation of AP-1 in
vitro and in vivo [24]. Arsenic was also found to induce acti-
vation of Erks, JNKs, and P38 kinase [13, 16, 24]. The in-
duction of AP-1 activity by arsenic appears to be mediated
by activation of PKC and MAP kinase family members, be-
cause induction of AP-1 could be dramatically blocked by
either pretreatment of cells with PD98059 or overexpression
of dominant negative mutant of PKC [24, 25]. The results
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from this study show that both arsenite and arsenate mark-
edly induce activation of NFkB in mouse epidermal JB6
C141 cells, but not 30.7b cells, which had low levels of Erks
[19], suggesting that Erks activation is involved in NFkB ac-
tivation by arsenic. This notion was further supported by data
that specific inhibition of arsenic-induced Erks activation by
PD98059 dramatically inhibited NFkB activation induced by
arsenic. Furthermore, it was also found that over-expression
of dominant negative mutant JNK, also inhibited arsenic-
induced NFkB activation, indicating that JNKSs activation is
also required for arsenic-induced NFkB activation. Because
blockade of activation of either Erks or JNKs led to inhibi-
tion of arsenic-induced NF«B activation, we speculate that
there may be cross-talk between Erks and JNKs in the JB6
cells response to arsenic stimulation, and that this cross-talk
is required for NFkB activation.

NF«B has attracted widespread attention among research-
ers in many fields in the last decade [26, 27]. NFkB consists
of two major subunits, pS0 and p65 (Rel-A) [26, 27]. It ex-
ists in cells as an inactive cytoplasmic precursor by form-
ing a complex with the IkB, an inhibitor for NFxB [26, 27].
Signaling leading to [xB phosphorylation triggers the release
of NFkB from kB, resulting in the activation and transloca-
tion of NFkB from the cytoplasm to nucleus where NFkB
binds to the promoter region of its specific targeting genes
[26,27]. There is increasing evidence that activation of NFxB
is a part of mechanisms involved in tumor promotion that
has been demonstrated in different cell models by different
groups [28—30]. NFkB was first considered to be a mediator
of tumor promotion because of its ability to alter gene expres-
sion in response to tumor promoters and oncogenes, includ-
ing bacterial lipopolysaccharide, TPA, TNF-a, UV radiation,
metals, reactive oxygen species and Her2/Neu [18, 26, 30—
32]. Two members of the NFkB family, v-rel and p52/1yt-10,
and the IkB family member Bc¢l-3 are potentially oncogenic
[26]. H-Ras and Raf-1 can also activate NFxB [33, 34].
Overexpression of the NFkB inhibitor, IkBa, blocked the
ability of oncogenic Ras alleles to induce focus formation
in 3T3 cells [35]. It was reported that v-Rel expressed in
transgenic mice under T cell specific control caused early
death of animals from multicentric aggressive T cell lympho-
mas, and that v-Rel was predominantly associated with p50
and partially with IxBa. [30]. Further, it was found that cross-
ing v-Rel transgenic mice with mice overexpressing IkBa
caused a delay in death from leukemia [30]. In light of the
important role of NFxB activation in tumor development,
we investigated the signal transduction pathways leading to
NFkB activation by arsenic in mouse the epidermal cell line,
JB6 C141 cells. We found that both arsenite and arsenate in-
duced activation of NFxB in JB6 cells, revealing that arsenic-
induce NFkB activation may play a role in arsenic-NFxB
induced carcinogenesis. In addition, results in this study show
that arsenic-induced activation was inhibited by pre-treatment
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of cells with PD98059 or overexpression of dominant nega-
tive mutant JNK , suggesting chemical agents or molecular
approaches that target MAP kinase-NFkB pathways may
block the carcinogenic effects of arsenic.

References

10.

11.

12.

13.

14.

15.

16.

17.

Knowles FC, Benson AA: The enzyme inhibitory form of inorganic
arsenic. Z Gesamte Hyg 30: 625-626, 1984

Bettley FR, O’Shea JA: The absorption of arsenic and its relation to
carcinoma. Br J Dermatol 92: 563—568, 1975

. Landolph JR: Molecular mechanisms of transformation of C3/H10T1/

2 C1 8 mouse embryo cells and diploid human fibroblasts by carcino-
genic metal compounds. Environ Health Perspect 102(suppl 3): 119—
125, 1994

Evans S: Arsenic and cancer. Br J Dermatol 97(suppl 15): 13, 1977
Goyer RA: Toxic effects of metals. In: C.D. Klaassen, M.O. Amdur, J.
Doull (eds). Toxicology. The Basic Science of Poisons. Macmillan
Publishing Company, New York, 1986, pp 582—635

Chen C-J, Wang C-J: Ecological correlation between arsenic level in
well water and age-adjusted mortality from malignant neoplasms.
Cancer Res 50: 54705474, 1990

Chan PC, Huff J: Arsenic carcinogenesis in animals and in humans:
Mechanistic, experimental, and epidemiological evidence. Environ
Carcinogen Ecotoxicol Rev C15: 83—122, 1997

National Institute for Occupational Safety and Health: National Oc-
cupational Exposure Survey (1980—-1983). Department of Health and
Human Services, Cincinnati, OH, 1984

Lansdown ABG: Physiological and toxicological changes in the skin
resulting from the action and interaction of metal ions. Crit Rev Toxicol
25:397-462, 1995

Luchtrath H: The consequences of chronic arsenic poisoning among
Moselle wine growers. Pathoanatomical investigations of post-mortem
examinations performed between 1960 and 1977. J Cancer Res Clin
Oncol 105: 173—182, 1983

Philipp R: Arsenic exposure: Health effects and the risk of cancer. Rev
Environ Health 5: 27-57, 1985

Snow ET: Metal carcinogenesis: mechanistic implications. Pharmac
Ther 53: 31-65, 1992

Huang C, Ma W-Y, Li J, Goranson A, Dong Z: Requirement of Erks,
but not JNKs, for arsenite-induced cell transformation. J Biol Chem
274: 14595-14601, 1999

Cavigelli M, Li WW, Lin A, Su B, Yoshioka K, Karin M: The tumor
promoter arsenite stimulates AP-1 activity by inhibiting a JNK phos-
phatase. EMBO J 15: 62696279, 1996

Ludwig S, Hoffmeyer A, Goebeler M, Kilian K, Héfner H, Neufeld B,
Han J, Rapp UR: The stress inducer arsenite activates mitogen-acti-
vated protein kinases extracellular signal-regulated kinases 1 and 2 via
a MAPK kinase 6/p38-dependent pathway. J Biol Chem 273: 1917—
1922, 1998

Huang C, Ma WY, Li J, Dong Z: Arsenic induces apoptosis through a
c-Jun NH,-terminal kinase-dependent, p53-independent pathway. Can-
cer Res 59: 3053-3058, 1999

Huang C, Ma W-Y, Bowden GT, Dong Z: Ultraviolet B-induced acti-
vated protein-1 activation does not require epidermal growth factor
receptor but is blocked by a dominant negative PKCA/t. J Biol Chem
49: 3126231268, 1996

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Huang C, Chen N, Ma W-Y, Dong Z: Vanadium induces AP-1 and
NFkB-dependent transcription activity. Int J Oncol 13: 711-715.
Huang C, Ma W-Y, Young MR, Colburn N, Dong Z: Shortage of mi-
togen-activated protein kinase is responsible for resistance to AP-1
transactivation and transformation in mouse JB6 cells. Proc Natl Acad
Sci USA 95: 156161, 1998

Dong Z, Birrer MJ, Watts RG, Matrisian LM, Colburn NH: Blocking
tumor promoter induced AP-1 activity inhibits induced transformation
in JB6 cells. Proc Natl Acad Sci USA 91: 609613, 1994

Bernstein LR, Colburn NH: AP-1/jun function is differentially induced in
promotion-sensitive and resistant JB6 cells. Science 244: 566569, 1989
Watts RG, Huang C, Young MR, Li JJ, Dong Z, Pennie WD, Colburn
NH: Expression of dominant negative Erk2 inhibits AP-1 transactivation
and neoplastic transformation. Oncogene 17: 34933498, 1998
Huang C, LiJ, Ma W-Y, Dong, Z: JNKs activation is required for JB6
cell transformation induced by TNF-a but not by TPA. J Biol Chem
274:29672-29676, 1999

Huang, C, Li J, Ma W-Y, Chen N-Y, Dong Z: Activation of AP-1 by
arsenate and arsenate in both cell and AP-1 luciferase-transgenic mice.
FASEB J: 2000 (submitted)

Chen N, Ma W-Y, Huang C, Ding M, Dong Z: Activation of PKC is
required for arsenate-induced signal transduction. J Environ Pathol
Toxicol Oncol 19: 297-305, 2000

Baldwin A: The NF-kB and IkB proteins: New discoveries and insights.
Annu Rev Immunol 14: 649683, 1996

Ghosh S, May MJ, Kopp EB: NF-kB and Rel proteins: Evolutionarily
conserved mediators of immune responses. Annu Rev Immunol 16:
225-260, 1998

LiJJ, Westergaard C, Ghosh P, Colburn NH: Inhibitors of both nuclear
factor-kB and activator protein-1 activation block the neoplastic trans-
formation response. Cancer Res 57: 3569-3576, 1997

Gilmore TD, Koedood M, Piffat KA, White DW: Rel/NF-«B/«B pro-
teins and cancer. Oncogene 13: 1367—1378, 1996

Baeuerle PA, Baltimore D: NF-«xB: Ten years after. Cell 87: 13-20, 1996
Verma IM, Stevenson JK, Schwarz EM, Van Antwerp D, Miyamoto
S: Rel/NF-kB/IkB family: Intimate tales of association and dissocia-
tion. Genes Dev 9: 2723-2735, 1995

Galang CK, Garcia-Ramirez J, Solski PA, Westwick JK, Der CJ,
Neznanov NN, Oshima RG, Hauser CA: Oncogenic Neu/ErbB-2 in-
creases Ets, AP-1, and NF-kB-dependent gene expression, and inhib-
iting Ets activation blocks Neu-mediated cellular transformation. J Biol
Chem 271: 7992-7998, 1996

Finco TS, Baldwin AS Jr: Kappa B site-dependent induction of gene
expression by diverse inducers of nuclear factor kB requires Raf-1. J
Biol Chem 268: 1767617679, 1993

Bruder JT, Heidecker G, Rapp UR: Serum-, TPA-, and Ras-induced
expression from Ap-1/Ets-driven promoters requires Raf-1 kinase.
Genes Dev 6: 545556, 1992

Finco TS, Westwick JK, Norris JL, Beg AA, Der CJ, Baldwin AS Jr:
Oncogenic Ha-Ras-induced signaling activates NF-kB transcriptional
activity, which is required for cellular transformation. J Biol Chem 272:
2411324116, 1997

Simeonova PP, Luster MI: Mechanisms of arsenic carcinogenicity:
genetic or epigenetic mechanisms? J Environ Pathol Toxicol Oncol 19:
281-286, 2000

Simeonova PP, Wang S, Toriuma W, Kommineni V, Matheson J,
Unimye N, Kayama F, Harki D, Ding M, Vallyathan V, Luster MI:
Arsenic mediates cell proliferation and gene expression in the bladder
epithelium: Association with activating protein-1 transactivation. Can-
cer Res 60: 3445-3453, 2000



