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Review

JNK and ERK Signaling Pathways in Multistage Mouse
Carcinogenesis: Studies in the Inhibition of Signaling Cascades as a
Means to Understand their In Vivo Biological Role
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Abstract. Amplification and mutation of Ha-ras has been
shown to correlate with the malignancy of tumors that appear in
chemically-induced mouse skin. Cell lines isolated from mouse
skin tumors represent the evolutionary stages of tumor
development. Due to the high Ha-ras levels the INK and ERK
modules are found elevated, contributing to the enhanced AP-1
activity in the more malignant cells. To examine the role of the
transforming Ha-ras in controlling ERK signaling, transfection
of an activated Ha-ras allele was tested in a squamous cell
carcinoma cell line. The ERKI/2 signaling pathways were
blocked pharmacologically by PD98059 MEK inhibitor, which
inhibited cell proliferation and anchorage-independent growth of
squamous and spindle carcinoma cells. In addition, treatment
with PD98059 and introduction of the dominant negative ATF-2
mutant into the spindle carcinoma cells, partially reverted the
spindle phenotype to squamous - like. These results suggest that
ERK1/2 and ATF-2 play an important role in oncogenicity and
in the degree of progression within the mouse skin carcinogenesis
system.
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1. Introduction

Mutations of the ras family of proto-oncogenes are present in
30% of human tumors, contributing to the development of
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cancer. They are also involved in tumor development in
rodents (1). The Ras family of small GTPases are regulated
by extracellular signals, such as growth factors, which lead
to an increase in GTP-bound Ras (2,3). A major Ras
effector is the Raf-1 serine/threonine kinase, which is
activated by binding to the GTP-bound state of p21Ras.
The activation of the ERK family of MAPKs, via Raf and
MEK is the best characterized example of Ras-dependent
signaling and this activation is clearly required for the
transformation of rodent fibroblast, because the expression
of the dominant-negative version of MEK, blocks the
transformation by Ras (4). ERK1/2 phosphorylate multiple
substrates, including transcriptional activators inducing or
suppressing transcriptional activation of physiological
target genes (5). Some of the targets of ERK1/2 are
transactivators that affect the expression and the post-
translational modifications of the AP-1 factors <(6).
Furthermore, ras activates the JNK family of kinases and

the phosphatidyl-inositol 3-Kinase pathway through
different mechanisms (6, 7). Therefore multiple
mechanisms account for the effects of Ras in the

regulation of multiple physiological processes, through
signal transduction pathways, leading to changes in AP-1
activity.

Mouse multistage carcinogenesis protocols include
treatment of the mouse skin at the primary step of initiation
with chemical carcinogens which result in mutations of Ha-
ras at specific codons that activate its transforming
properties (8). Other changes in Ha-ras activity result from
its amplification. This is seen in squamous and spindle
tumors but not in benign papillomas, suggesting that
quantitative changes of Ha-ras also affect neoplastic
development, though in different ways than qualitative
modifications (9).

The alterations in Ha-ras clearly correlate with an
increase in mitogenic signaling, represented by elevated
JNK and ERK activities in cells cycling in serum (10, 11).
These signals are related to elevated AP-1 activity at late
stages of progression. These signals can be reproduced®
partially if a human allele of Ha-ras is introduced in
squamous cell carcinoma cells. Similarly they can be
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Figure 1. Suppression of signaling pathways in cells derived from the mouse skin. A) PDVC57 cells have an elevated content of mutant Ha-ras resulting in
activation of both ERK-1 and ERK-2 isoforms of MAP kinases. Activation of ERK1/2 in PDVCS7 is effectively suppressed by PD98059 during growth in
serum. In PDV cells transfected with a transforming allele of human Ha-ras, ERK1/2 activity is elevated and is suppressed by PD98059 to the same extent as
in PDVCS57, suggesting the direct contribution of Ha-ras to this signaling cascade; B) In A5 spindle carcinoma cells, the expression of the dominant negative
ATF-2 is sufficient to induce reversion to a flat fibroblastic morphology. This effect is similar to what was observed by treating A5 with PD98059 where
morphological reversion is also evident. The suppression of ERK1/2 activities in A5 is more refractile to inhibition by PD98059 since these cells have

sustained ERK1/2 activity when growing instead of cycling conditions.

inhibited by small synthetic inhibitors of the mitogen -
activated protein kinase cascade (11,12).

2. JNK Signaling is Increased in Cells Derived from Mouse Skin
Tumors

In experiments with tumor formation in c-fos -/- mice there
was no progression to malignancy, whereas the control c-fos
+/+ mice develop tumors, suggesting that AP-1 activity has
an oncogenic role and is required for malignant progression
invivo (13).

In the cell lines representing the multistage model of
mouse skin carcinogenesis the expression of Fos and Jun
family members is increased. Fos and Jun protein levels are
most clearly elevated in the spindle carcinoma cells and less
so in squamous cell carcinoma and some papilloma cell lines
(10). This increase affects AP-1-DNA-binding activity and
transactivation. It has been well - established that AP-1
transcriptional activity is subject to regulation by signal
transduction cascades of the JNK pathway, which is con-
trolled by Ha-ras (6).

Investigations of the JNK pathway, using phosphospecific
antibodies and solid phase kinase assays, showed that JNK
activity also gradually increases during skin tumor
progression, thus offering an explanation for the increased
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AP-1 transactivation. These results highlighted, for the first
time, that, in the mouse skin carcinogenesis model cell lines,
Ha-ras activation leads to considerable up-regulation of AP-1
activity and also contributes to tumorigenesis, by mechanisms
such as the regulation of metalloprotease secretion and
activity (14).

3. ERK1)2 Signaling in the Mouse System.: the Role of Ha-ras

In fibroblasts transformed by ras and Raf-1, ERK1/2 are
necessary for transformation and anchorage-independent
growth (15, 16). Epithelial cells are less susceptible to
transformation by oncogenes than NIH3T3 or Rat-1 cells. ras
and Raf-1 mutants efficiently transform NIH3T3 cells but
only ras mutants induce transformation and growth in soft
agar of rat intestinal epithelial cells (RIE) and human
mammary epithelial cells (17). Therefore, constitutive
activation of Raf/MEK/ERK signaling is not a sufficient cause
for transformation of RIE (17). This evidence suggests that
Raf/MEK/ERK-independent pathways could be largely
responsible for epithelial cell transformation (18).

ERK1/2 phosphorylation showed, like JNK1/2 activity, a
progressive increase from papilloma to the squamous and
spindle cell lines, implying that both types of kinases are
involved in malignant progression of mouse skin tumors (10,
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11). Additionally, these results suggest that, in the cells
derived from the mouse system, a convergence of multiple
signals arise from Ha-ras to different downstream effectors.

Balmain et al have shown previously that a reduction in the
ratio between normal:mutant Ha-ras is associated with
increased tumorigenicity in squamous cell carcinomas (19).
The PDV cell line represents a rare transformant originally
isolated by Fusening et al (20) after treatment of epidermal
cell cultures from newborn mice with the carcinogen DMBA.
Karyotypic analysis of PDV cells has indicated the presence
of three copies of chromosome 7 (21), on which the H-ras
gene is located. Analysis at the DNA level has shown that
normal and mutated H-ras alleles are expressed at a ratio of
2:1, which corresponds to the relative gene dosage (19). PDV
cells, when injected into adult C57B1 syngeneic mice, give rise
to squamous carcinoma at only one of the eight sites of
injection (20, 21). A cell line derived from this tumor
(PDVCS57 cells) had a more heterogenous morphology, with
an increased number of giant cells and was also more strongly
tumorigenic on reinjection into adult syngeneic mice, giving
rise to carcinomas at all 5 injection sites (19). Analysis by
Southern blotting for the presence of the mutant H-ras gene
has shown that the ratio of the mutant:normal H-ras genes
had changed from 1:2 to 2:1 (19). PDVC57 are 8-fold more
invasive and secrete 2-fold more type IV collagenase than
PDV. Evidence that PDVCS57 are more tumorigenic,
chemotactic and invasive than PDV suggests that tumor
progression and invasiveness is, at least to some extent,
dependent on the normal:mutant H-ras ratio (22).

ERK1/2 phosphorylation in PDVC57 is related to the
endogenous status of Ha-ras oncogene since it can be inhibited
by the MEK-1 inhibtor PD98059. To correlate ERK activity
directly to the levels of Ha-ras in PDVC57 cells, which contain
increased levels of mutant Ha-ras when compared to PDV, a
transfection assay was performed. A transforming allele of
human Ha-ras was introduced into PDV cells (23; Figure 1A).
ERK1/2 phosphorylation in PDV Ras clones was indicative of
the Ha-ras-dependent activation of ERK1/2 in these cells (11).
Therefore in these cells derived from an in vivo system, Ha-ras
controls ERK activity. This evidence is related to previously
published results, where a transforming ras allele introduced
into swiss cells induced ERK activation (24).

Given that PDVCS57 has more malignant characteristics
than PDV, our findings in PDVRas clones imply that ERK1/2
activation may play a role in the degree of agressiveness
during the squamous stage of mouse skin carcinogenesis. In
order to find out if the ras/MEK/ERK pathway is required for
the manifestation of tumorigenic properties of the PDVC57
cells and PDVRas tranfectants, we used a pharmacological
approach with a MEK-1 inhibitor, PD98059. The ability of
cells to form colonies and grow in an anchorage -
independent manner, was inhibited after treatment with
PD98059, implying that the proliferation and tumorogenicity
of squamous carcinomas of mouse skin are rassMEK/ERK1/2
pathway-dependent (11; Figure 1A).
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Figure 2. The activity of TAM-67 in FBR v-fos transformed fibroblasts that
is associated with reversion. This is a schematic representation of the
possible mechanism that might interfere with transactivation in FBR v-fos
transformed fibroblasts by TAM-67 (29). According to Brown et al (29) a
quenching mechanism is quite possible in the case of rat embryo cells
whereas Angel et al (40) and Ochler et al (41) suggest a squelching
mechanism for P9 cells.

4. Inhibition of Transformation by Dominant Negative Mutants

The Fos and Jun family members are downstream effectors of
growth factor and stress signal transduction pathways (6).
These transactivators receive multiple signals from the
outside of the cell and translate them into altered gene
expression. The fos and Jun family members are central to
the regulation of many physiological pathways, including
those controlling cell proliferation and growth, and behave as
either transactivators or transcriptional repressors, depending
on the type of extracellular signal and its context.

Inhibition of AP-1 activity by the use of deletion mutants of
Fos and Jun proteins, such as the naturally occuring form of
fosB, has been documented. The alternatively-spliced form of
fosB, DfosB, is a dominant negative inhibitor of AP-1 activity
(25, 26 ). Other studies have used dominant negative-mutants
of c-Jun to inhibit transformation by various nuclear and
cytoplasmic oncogenes (26 - 29). Lloyd et al., (27) used a v-jun
deletion mutant fused to the LexA bacterial moiety, resulting
in a chimera that effectively suppresses ras transformation of
fibroblasts. The dominant negative N-terminal deletion
mutant of c-Jun, TAM-67, can effectively suppresses the
effects of transformation by nuclear oncogenes such as SV40,
Jun and Fos, and by cytoplasmic oncogenes, such as ras and
Raf-1 (27,28). TAM-67 also reverts transformation by FBR v-
fos oncogene (29). Fibroblasts transformed whith this
oncogene are refractile and very invasive (30, 31). Expression
of TAM-67 in FBR cells results in the reappearrence of actin
stress fibers and suppresses their invasive behavior (29; Figure
2). In squamous cell carcinoma A431 line, the expression of
TAM-67 inhibits EGFR-induced cytoskeletal changes (32).
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Therefore in various cell contexts, TAM-67 is a very potent
dominant negative inhibitor of many of the physiological
phenomena associated with the transformed phenotype. The
activity of TAM-67 in tissue culture cells might be through a
quenching mechanism, where it dimerises with endogenous
Jun or Fos proteins resulting in the partial exclusion of those
proteins from AP-1 sites, thus preventing normal recruitment
of the transcriptional activation machinery components
(Figure 2).

In the mouse skin carcinogenesis model system, ATF-2
protein is highly expressed in later stages (10). ATF-2
overexpression by spindle carcinoma cells at a late stage of
malignant progression implies that this transactivator might
have a positive effect on the AP-1 activity. Therefore it was
considered that ATF-2 might be a central element in the
maintenance of the spindle phenotype. Transfection of
spindle cells with dominant negative ATF-2 mutant (kindly
provided by Hans van Dam), lacking the N-terminal
phosphorylation sites targeted by SAPK/JNK signaling,
caused a reversion of the spindle morpholgy, decreased cell
proliferation, and inhibited anchorage-independent growth
(33; Figure 1B). Based on these results it would appear that
ATF-2 is a central determinant of many of the morphological
and genotypic changes occuring during tumor progression in
the mouse skin epidermis. t

Therefore there is a large body of evidence that dominant
negative mutations in AP-1 family members can inhibit
transforming signals, initiated by oncogenes acting at diverse
signal transduction pathways, in fibroblasts and epithelial cells
Conversely, revertant v-fos, transformed fibroblasts are
resistant to the action of multiple oncogenes

Discussion

5. The Mouse Multistage Skin Carcinogenesis System and
Possible Applications to Therapy

In the cells derived from the mouse model of skin carci-
nogenesis there is now some evidence that the activity of both
the JNK and ERK signaling cascades is increased in the later
stages of tumor progression (10, 11). These results suggest an
in vivo co-operative phenomenon between the two modules,
which could increase mitogenic signaling for proliferation. It
is possible that the action of both pathways is necessary for
tumor progression. Increased JNK and ERK signaling might
be the consequence of elevated constitutive Ras activity,
resulting from Ha-ras mutation and/or amplification. Besides
the activation of the JNK and ERK signaling cascades,
ectopic ras expression in epithelial cells also results in
morphological changes. Transforming ras introduced into
human mammary epithelial and MDCK cells has been
reported to induce epithelial-mesenchymal transition,
resulting in a fibroblastic phenotype (34-36). Signaling by
transforming Ras leads to a reduction in Rac activity:
Raf/MEK/ERK signaling down-regulates Tiam-1, an
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exchange factor for Rac, thus down-regulating Rac activity
but increasing Rho activity resulting in EMT (37).

Inhibition of JNK and ERK signaling can be achieved
through the introduction of dominant negative mutants, or by
the use of chemical inhibitors. The use of the MEK-1
inhibitor PD98059 has been documented to reverse v-Ki-ras
transformation and to inhibit growth under anchorage
independence (38). In the AS mouse cell line, treatment with
PD98059 resulted in partial reversion of the phenotype, from
spindle towards a flat fibroblastic phenotype, and also
supressed anchorage-independent growth (Figure 1B).
Therefore ERK1/2 activities are necessary for anchorage-
independent growth, but blocking them is not sufficient to
fully reverse the spindle phenotype to an epithelial
morphology. This pharmacological inhibition of ERK
activation suggests the importance of ERK1/2 signaling in
cancer, and indicates possible therapeutic value.

Recent data concerning MEK-1 inhibitors also
demonstrated that Raf/MEK/ERK signaling is required for
the proliferation of other cancer epithelia. In mouse
mammary cancer epithelial cells, ERK1/2 phosphorylation,
which is specifically inhibited by PD98059, could be
correlated with the EGF-dependent growth and proliferation
(39). In mice injected with human or mouse colon carcinoma
cells, tumor formation could be abrogated by the MEK-1-
specific inhibitor PD184352, which resulted in a reduction in
ERK1/2 phosphorylation, tumor volume and invasive index
(38).

In conclusion, the inhibition of Raf/MEK/ERK signaling in
two different mouse experimental cancer models significantly
affected many parameters of tumor development. Since
models are thought to represent the complex process of
human tumor formation, which is also characterized by
multiple changes leading to malignant progression, our results
are for special interest: therapeutic strategies that interfere
with ras signaling might be effective against human epithelial
tumors.

References

1 Barbacid M: ras genes. Annu Rev Biochem 56: 779-827, 1987.

2 McCormick F: Signal transduction. How receptors turn Ras on.
Nature 363: 15-16, 1993.

3 Schlessinger J and Bar-Sagi D: Activation of Ras and other signalling
pathways by receptor tyrosine kinases. Cold Spring Harb Symp Quant
Biol 59: 173-179, 1994.

4 Cowley S, Paterson H, Kemp P and Marshall CJ: Activation of MAP
kinase is necessary and sufficient for PC12 differentiation and
transformation of NIH 3T3 cells. Cell 77: 841-852, 1994.

5 Davis RJ: The mitogen-activated protein kinase signal transduction
pathway. J Biol Chem 268: 14553-14556, 1993.

6 Karin M: The regulation of AP-1 activity by mitogen-activated
protein kinases. J Biol Chem 270: 16483-16486, 1995.

7 Rodriguez-Viciana P, Warne PH, Vanhaesebroeck B, Waterfield MD
and” Downward J: Activation of phosphoinositide 3-kinase by
interaction with Ras and by point mutation. EMBO J 15: 2442-2451,
1996.

8 Frame S, Crombie R, Liddell J, Stuart D, Linardopoulos S, Nagase H,



Katsanakis et al: Signaling Modules in Mouse Skin Cancer

Portella G, Brown K, Street A, Akhurst R and Balmain A: Epithelial

carcinogenesis in the mouse: correlating the genetics and the biology.,

Philos Trans R Soc Lond B Biol Sci 353: 839-845, 1998.

9 Balmain A and Brown K: Oncogene activation in chemical carcino-
genesis. Adv Cancer Res 51: 147-182, 1988.

10 Zoumpourlis V, Papassava P, Linardopoulos S, Gillespie D, Balmain
A and Pintzas A: High levels of phosphorylated c-Jun, Fra-1, Fra-2
and ATF-2 proteins correlate with malignant phenotypes in the
multistage mouse skin carcinogenesis model. Oncogene 19: 4011-
4021, 2000.

11 Katsanakis KD, Gorgoulis V, Pintzas A and V Zoumpourlis: The
progression in the mouse skin carcinogenesis model is dependent on
ERK1/2 signalling. Cancer Res. (submitted).

12 Dudley DT, Pang L, Decker SJ, Bridges AJ and Saltiel AR: A
synthetic inhibitor of the mitogen-activated protein kinase cascade.
Proc Natl Acad Sci USA 92: 7686-7689, 1995.

13 Saez E, Rutberg SE, Mueller E, Oppenheim H, Smoluk J, Yuspa SH
and Spiegelman BM: c-fos is required for malignant progression of
skin tumors. Cell 82: 721-32, 1995.

14 Papathoma A, Zoumpourlis V, Balmain A and Pintzas A: The role of
MMP-9 in progression of mouse skin carcinogenesis. Mol Carcino-
genesis 31: 74-82, 2001.

15 Troppmair J, Bruder JT, Munoz H, Lloyd PA, Kyriakis J, Banerjee P,
Avruch J and Rapp UR: Mitogen-activated protein kinase/ extra-
cellular signal-regulated protein kinase activation by oncogenes,
serum, and 12-O-tetradecanoylphorbol-13-acetate requires Raf and is
necessary for transformation. J Biol Chem 269: 7030-7035, 1994.

16 Khosravi-Far R, Solski PA, Clark GJ, Kinch MS and Der CJ:
Activation of Racl, RhoA, and mitogen-activated protein kinases is
required for Ras transformation. Mol Cell Biol 15: 6443-6453, 1995.

17 Oldham SM, Clark GJ, Gangarosa LM, Coffey RJ Jr and Der CJ:
Activation of the Raf-1/MAP kinase cascade is not sufficient for Ras
transformation of RIE-1 epithelial cells. Proc Natl Acad Sci USA 93:
6924-6928, 1996.

18 Khosravi-Far R, White MA, Westwick JK, Solski PA, Chzanowska-
Wodnicka M, Van Aelst L, Wigler MH and Der CJ: Oncogenic Ras
activation of Raf/mitogen-activated protein kinase-independent
pathways is sufficient to cause tumorigenic transformation. Mol Cell
Biol 16: 3923-3933, 1996.

19 Quintanilla M, Haddow S, Jonas D, Jaffe D, Bowden GT and
Balmain A: Comparison of ras activation during epidermal carcino-
genesis in vitro and in vivo. Carcinogenesis 12: 1875-1881, 1991.

20 Fusenig NE, Amer SM, Boukamp P and Worst PK: Characteristics of
chemically transformed mouse epidermal cells in vitro and in vivo.
Bull Cancer 65: 271-279, 1978.

21 Fusenig NE, Drazlieva Petrusevska RT and Breitkreutz D:
Phenotypic and cytogenetic characteristics of different stages during
spontaneous transformation of mouse keratinocytes in vitro.
Carcinogenesis Compr Surv 9: 293-326, 1985.

22 Buchmann A, Ruggeri B, Klein-Szanto AJ and Balmain A:
Progression of squamous carcinoma cells to spindle carcinomas of
mouse skin is associated with an imbalance of H-ras alleles on
chomosome 7. Cancer Res 51: 4097-4101, 1991.

23 Spandidos DA and Wilkie NM: Malignant transformation of early
passage rodent cells by a single mutated human oncogene. Nature
310: 469-475, 1984.

24 Leevers SJ and Marshall CJ: Activation of extracellular signal-
regulated kinase, ERK2, by p2lras oncoprotein. EMBO J 11: 569-
11574, 1992.

25 Nakabeppu Y and Nathans DA: Naturally occurring truncated form
of FosB that inhibits Fos/Jun transcriptional activity. Cell 64: 751-759,
1991.

26 Mumberg D, Lucibello FC, Schuermann M and Muller R: Alternative
splicing of fosB transcripts results in differentially expressed mRNAs
encoding functionally antagonistic proteins. Genes Dev 5: 1212-1223,
1991

27 Lloyd A, Yancheva N and Wasylyk B: Transformation suppressor
activity of a Jun transcription factor lacking its activation domain.
Nature 352: 635-638, 1991.

28 Brown PH, Alani R, Preis LH, Szabo E and Birrer MJ: Suppression
of oncogene-induced transformation by a deletion mutant of c-jun.
Oncogene 8: 877-86, 1993.

29 Brown PH, Chen TK and Birrer MJ: Mechanism of action of a
dominant-negative mutant of c-Jun. Oncogene 9: 791-799, 1994.

30 Lamb RF, Hennigan RF, Turnbull K, Katsanakis KD, MacKenzie
ED, Birnie GD and Ozanne BW: AP-1-mediated invasion requires
increased expression of the hyaluronan receptor CD44. Mol Cell Biol
17: 963-76, 1997.

31 Hennigan RF, Hawker KL and Ozanne BW: Fos-transformation
activates genes associated with invasion. Oncogene 9: 3591-3600,
1994.

32 Malliri A, Symons M, Hennigan RF, Hurlstone AF, Lamb REF,
Wheeler T and Ozanne BW: The transcription factor AP-1 is
required for EGF-induced activation of rho-like GTPases, cyto-
skeletal rearrangements, motility, and in vitro invasion of A431 cells. J
Cell Biol 743: 1087-1099, 1998.

33 Papassava P, Hans Van Dam, Pintzas A and V Zoumpourlis:
Invertion of spindle phenotype to squamous-like by a dominant
negative ATF-2 in the mouse skin carconogenesis model. Oncogene
(submitted)

34 Zhong C, Kinch MS and Burridge K: Rho-stimulated contractility
contributes to the fibroblastic phenotype of Ras-transformed epi-
thelial cells. Mol Biol Cell 8: 2329-2344, 1997.

35 Kinch MS, Clark GJ, Der CJ and Burridge K: Tyrosine phospho-
rylation regulates the adhesions of ras-transformed breast epithelia. J
Cell Biol 130: 461-471, 1995.

36 Berhens J, Vakaet L, Friis R, Winterhager E, Van Roy F, Mareel M
and Birchmeier W: Loss of epithelial differentiation and gain of
invasiveness correlates with tyrosine phosphorylation of the E-
cadherin/beta-catenin complex in cells transformed with a tempe-
rature-sensitive v-SRC gene. J Cell Biol 120: 757-766, 1993.

37 Zondag GC, Evers EE, ten Klooster JP, Janssen L, van der Kammen
RA and Collard JG: Oncogenic Ras downregulates Rac activity,
which leads to increased Rho activity and epithelial-mesenchymal
transition. J Cell Biol 149: 775-782, 2000.

38 Sebolt-Leopold JS, Dudley DT, Herrera R, Van Becelaere K, Wiland
A, Gowan RC, Tecle H, Barrett SD, Bridges, A, Przybranowski S,
Leopold WR and Saltiel AR: Blockade of the MAP kinase pathway
suppresses growth of colon tumors in vivo. Nat Med 5: 810-816, 1999.

39 Xing C and Imagawa W: Altered MAP kinase (ERK1,2) regulation in
primary cultures of mammary tumor cells: elevated basal activity and
sustained response to EGF. Carcinogenesis 20: 1201-1208, 1999.

40 Angel P, Smeal T, Meek J and Karin M: Jun and v-jun contain
multiple regions that participate in transcriptional activation in an
interdependent manner. New Biol 1: 35-43, 1989.

41 Oehler T and Angel P: A common intermediary factor (p52/54)
recognizing "acidic blob"-type domains is required for transcriptional
activation by the Jun proteins. Mol Cell Biol 72: 5508-15, 1992.

Received October 11, 2001
Accepted January 8, 2002

759



