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Effects of c-Jun and a Negative Dominant Mutation 
of c-Jun on Differentiation and Gene Expression 
in Lens Epithelial Cells 
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Abstract We have used a retroviral vector (RCAS) to overexpress wild-type chicken c-Jun or a deletion mutant of 
chicken c-Jun (JunA7) lacking the DNA binding region to investigate the possible role of c-Jun in lens epithelial cell 
proliferation and differentiation. Both constructs were efficiently expressed in primary cultures of embryonic chicken 
lens epithelial cells. Overexpression of c-Jun increased the rate of cell proliferation and greatly delayed the appearance 
of "lentoid bodies," structures which contain differentiated cells expressing fiber cell markers. Excess c-Jun expression 
also significantly decreased the level of PA31Al-crystallin mRNA, without affecting d-crystallin mRNA. In contrast, the 
mutated protein, JunA7, had no effect on proliferation or differentiation but markedly increased the level of d-crystallin 
mRNA in proliferating cell cultures. These results suggest that c-Jun or Jun-related proteins may be negative regulators of 
d- and PA31Al-crystallin genes in proliferating lens cells. c 199s WiIey-Liss, Inc.* 
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The nuclear protooncogene, c-Jun, plays a key 
role in the regulation of cell proliferation and 
differentiation Wogt and Bos, 19901. Overexpres- 
sion of wild-type c-Jun generally promotes cell 
proliferation and has a moderate transforming 
effect [Bos et al., 1990; Castellazzi et al., 19911. 
Conversely, differentiation is often associated 
with downregulation of c-Jun [Su et al., 1991; 
Vogt and Bos, 19901, although this is not always 
the case. For example, c-Jun promotes differen- 
tiation of embryocarcinoma cells Wamaguchi- 
iwai et al., 1990; De Groot et al., 19901 and is 
transiently elevated in some differentiating neu- 
ronal and epithelial cell types [Greenberg and 
Ziff, 1984; Fisher et al., 1991; Rinaudo and 
Zelenka, 19921. To exert its effects on cell growth 
and differentiation, c-Jun regulates transcrip- 
tion of genes containing the consensus AP1 site 
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(TGA[C/GlTCA) or related sequences Wogt and 
Bos, 1990; Hai and Curran, 1991; Ryseck and 
Bravo, 19911. c-Jun binds to  these DNA sites 
either as a homodimer or as a heterodimer with 
members of the Fos, Jun, or CREBiATF family 
[Hai and Curran, 19911. In addition, c-Jun forms 
functional complexes with nuclear hormone re- 
ceptors [Diamond et al., 1990; Yang-Yen et al., 
1990; Pfahl, 19931 and with NF-KB [Stein et al., 
19931, further increasing the complexity and 
flexibility of transcriptional regulation. 

The embryonic chicken lens is among the 
tissues in which c-Jun expression does not ap- 
pear to  be downregulated with differentiation 
[Rinaudo and Zelenka, 19921. c-Jun mRNA is 
not only present as lens fiber cells differentiate, 
but the amount per cell appears to increase 
during the early stages of differentiation. This is 
not true of c-Fos mRNA, which rapidly disap- 
pears from the differentiating cells. Since c-Fos 
appears to be required in conjunction with c-Jun 
for stimulation of growth-promoting genes Nogt 
and Bos, 1990; Holt et al., 19863, the selective 
loss of c-Fos during lens fiber differentiation 
suggests that c-Jun may complex with some 
other protein in differentiating lens fibers to 
regulate expression of differentiation-specific 
genes. Interestingly, many crystallin genes pos- 
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sess AP1 or AP1-like sites as potential binding 
sites for such complexes [Piatigorsky and 
Zelenka, 19921. Among these are the chicken 
d- and pA3iA,-crystallin genes, both of which 
are upregulated following fiber cell differentia- 
tion [Hejtmancik et al., 19851. 

To explore the relationship of c d u n  to cell 
growth and differentiation in the developing lens, 
we have used a replication-competent retroviral 
vector bearing either the full coding sequence of 
wild-type c-Jun or a mutation lacking the DNA 
binding region to overexpress the corresponding 
wild-type or mutant proteins in cultured pri- 
mary lens epithelial (PLE) cells [Borras et al., 
19881. Since the mutant form of c-Jun retains 
the dimerization domains of the protein, it has 
the potential to act as a negative dominant mu- 
tation, interfering with the function of any pro- 
tein capable of complexing with c-Jun. The high 
efficiency of this method of gene transfer has 
permitted us to monitor the effect of c-Jun and 
Jun-related proteins on lens epithelial cell prolif- 
eration and differentiation and to determine the 
effect of c-Jun and the altered form of c-Jun on 
expression of the endogenous chicken pA3/A1- 

and d-crystallin genes. 

MATERIALS AND METHODS 
Construction of Retroviral Vectors 

The replication-competent avian retroviral 
vector, RCAS [Hughes and Kosik, 19841, was 
used in conjunction with the adaptor plasmid, 
Clal2Nco [Hughes et al., 19871, for all construc- 
tions. Sequence overlap extension [Ho et al., 
19891 and polymerase chain reaction (PCR) 
[Mullis and Faloona, 1987; Saiki et al., 19881 
were used to eliminate an internal NcoI site 
(7381743 bp) in the chicken c-jun coding se- 
quence [Nishimura and Vogt, 19881 and to am- 
plify a DNA fragment consisting of the c-jun 
coding sequence with NcoI and BamH1 sites at 
the 5’ and 3’ ends, respectively. This fragment 
was inserted into NcoI and BamHl sites of the 
adaptor plasmid and cloned into the ClaI site of 
the RCAS vector. Clones having the proper ori- 
entation were identified by SalI digestion. Se- 
quencing of the resulting clones confirmed that 
the plasmid contained the chicken c j u n  coding 
sequence with a conservative C to A substitu- 
tion at nucleotide 739. This retroviral vector is 
referred to as RCAS1jun. 

To construct a plasmid lacking the c-Jun DNA 
binding domain [Nishimura and Vogt, 1988; 

Vogt and Bos, 19901, sequence overlap exten- 
sion [Ho et al., 19891 was used to delete 21 bp 
(1,019-1,039 bp) from the chicken c-jun coding 
sequence (Fig. la) .  The resulting fragment was 
amplified by PCR, inserted into the NcoI and 
BamHl sites of the adaptor plasmid, and cloned 
into the ClaI site of the RCAS vector, as de- 
scribed above. This vector is denoted RCAS/ 
junA7. Sequencing of the cloned product con- 
firmed that the region 1,019/1,039 bp had been 
deleted (Fig. lb). 

The luciferase (luc) gene was obtained as a 
pGL2 vector from Promega (Madison, WI). An 
internal ClaI site (1,36511,370 bp) was elimi- 
nated by a conservative G to A conversion at 
1,368 bp using sequence overlap extension [Ho 
et al., 19891, and the resulting product was 
cloned into the ClaI site of the RCAS vector by 
means of the adaptor plasmid, using NcoI and 
BamH1 sites added to the luc gene during PCR. 
The resulting vector is called RCASlluc. 

Transfection and Production of Retroviral Stocks 

Chicken embryo fibroblasts (CEF) from 12- 
day-old chicken embryos of the EV-0 strain 
(kindly provided by M. Federspiel) were cul- 
tured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 5% fetal bovine 
serum, 5% calf serum, 3% (wt/vol) tryptose phos- 
phate broth, penicillin (100 U/ml), and strepto- 
mycin (100 pg/ml). After reaching confluency, 
cells were plated at a density of 1 x lo6 cells160 
mm culture dish and incubated at 39”C, 5% COz. 
Using a previously described transfection proto- 
col [Chepelinsky et al., 19851, 10 pg of CsClz 
banded retroviral DNA (RCAS, RCASijun, 
RCASijunA7, or RCAS1luc) was incorporated 
into the fibroblast cultures by CaP0,-mediated 
transfection. CEFs were subcultured every sec- 
ond day for 8-10 days. At that time, the culture 
medium containing the infectious retrovirus was 
collected, passed through a 0.45 pm filter, and 
frozen at  -86°C. Medium was also collected 
from mock-transfected CEFs cultured the same 
length of time for use in control experiments. 

Lens Cell Culture and Viral Transduction 

Primary lens epithelial cultures (PLE) were 
prepared from 14-day-old chicken embryos us- 
ing SPAFAS research quality eggs (SPAFAS, 
Norwich, CT) as previously described [Borras et 
al., 19881. After 3 h in culture to allow cell 
attachment, 100 p1 of medium from the retrovi- 
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Fig. 1. a: Sequence of the chicken c-jun coding region (1,01011,045 bp) showing the 
nucleotides and amino acids (boldface) deleted from the junA7 construct. b: Sequencing gel of 
the antisense strand of the junA7 construct corresponding to 1,010/1,045 bp of the chicken 
c-jun cDNA, showing successful deletion of the DNA binding region (1,019/1,039) at the 
position marked *. 

ral-producing CEFs was added. After 2 days the 
medium was changed and the PLEs maintained 
in culture for another 2 days, after which RNA 
was prepared using RNAzol extraction (TelTest, 
Friendswood, TX). 

For certain experiments, secondary cultures 
of infected PLEs were prepared after 7 days of 
culture by trypsinization for 5 min with trypsin 
DeLarco (GibcoiBRL, Grand Island, NY). Disso- 
ciated cells were replated at constant density in 
collagen-coated 35 mm dishes or 24-well plates. 
Cell numbers were determined by counting dis- 
sociated cells in a hemacytometer. 

Assays for Expression of Transferred Genes 

PLEs infected with either the pGL-2 vector or 
RCAS/luc were maintained in culture for 4 days. 
To assess the distribution of cells expressing the 
luciferase gene, culture dishes containing in- 
fected cells were placed directly on Polaroid Type 
57 film in the dark, and 250 ~1 of luciferin 
substrate was added. After 60 min exposure the 

film was developed. The cell cultures were then 
fixed, stained with eosin, and photographed. 

Expression of mRNA from the RCAS retrovi- 
rus and the constructs RCAS/jun and RCAS/ 
junA7 as well as expression of endogenous 
mRNAs for d- and p,,,Al-crystallins was moni- 
tored by RT/PCR as previously described 
[Rinaudo and Zelenka, 19921. PCR oligos were 
as follows: 

1. For RCAS/jun and RCASijunA7, spanning 
the vector/insert boundary: upstream-ATC- 
GATTCTAGACCACTGTGGCCA (1/24 bp in 
RCAS vector); downstream-AACCCGTTGC- 
TGGACTGGATGATG (537/561 bp in cjun) .  

2. For chicken d-crystallin [Thompson et al., 
19871: upstream-TTCGACCAGTTTTTTG- 
GAGAG (66/86 bp); downstream-CAGGCTCA- 
GAT C TT CAGGAGA (24 1 / 2 6 1 bp 1. 

3. For chicken pA,,,,-crystallin [McDermott et 
al., 19921: upstream-ATGGGCGAAGCAGCT- 
GTACCG (6/26 bp); downstream-GGGAGC- 
GAATGTTGTCGAAAC ( 18 1 / 20 1 bp). 
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All PCR products were radiolabeled with 
C X [ ~ ~ P ] ~ C T P  and separated on 8% polyacryl- 
amide/urea gels in parallel with 32P-labeled DNA 
molecular weight markers (Gel Marker I; Re- 
search Genetics, Huntsville, AL). Radioactivity 
was quantitated by autoradiography and densi- 
tometry. 

Expression of c-Jun and JunA7 proteins was 
assayed by immunoblotting following a stan- 
dard protocol [Towbin et al., 19791. Cultured 
cells were lysed with 2 x SDS polyacrylamide gel 
electrophoresis sample buffer [Laemmili, 19701. 
Proteins were separated by electrophoresis on 
12% SDS polyacrylamide gels and electroeluted 
onto 0.2 pm nitrocellulose filters, and immunob- 
lots were probed with a 1:200 dilution of anti(c- 
jun) antibody (anti-PEP2; Oncogene Science, 
Manhasset, NY). 

RESULTS 
Efficiency of RCAS-Mediated Gene Transfer 

To assess the efficiency of RCAS-mediated 
gene transfer into primary cultures of lens cells, 
PLEs were transduced with the RCAS/luc retro- 
viral vector. After 4 days, the luciferin substrate 
was added to the cultures, and the dishes were 
placed on Polaroid film to obtain a direct photo- 
graph of their luminescence (Fig. 2a). The same 
culture dishes were then fixed and stained to 
identify the regions of the dish containing cells 
(Fig. 2b). The areas of luminescence closely cor- 
responded to the regions occupied by stained 
cells, indicating that efficient transfer of the 
luciferase gene had occurred and most, if not all, 
cells expressed the luciferase enzyme. 

Expression of RCAS/jun and RCAS/junA7 

Expression of RNA corresponding to the 
RCAS/jun and RCAS/junA7 retroviral vectors 
was assessed by RTiPCR using PCR primers 
that spanned the junction between the RCAS 
vector and the c-jun orjunA7 insert (Fig. 3A). A 
PCR product of the expected size (302 bp) was 
observed in cultures infected with RCASijun or 
RCAS/jun(A7) but not in RCAS-infected or un- 
infected controls. A less intense PCR product 
was also observed in the RCAS/jun- and RCASI 
junA7-infected cells in the absence of reverse 
transcriptase. This is not unexpected, since the 
RCAS vector is replication competent and the 
cells, therefore, contain endogenous cDNA. The 
absence of this product in uninfected or RCAS- 
infected cultures indicates that it is not derived 
from genomic DNA. Infection of cultures with 
the parent RCAS vector was confirmed by RT/ 
PCR, using oligonucleotides specific for the ret- 
roviral env gene (not shown). 

To determine whether the RNA carried by the 
retroviral vectors was translated into protein, 
cell extracts from infected and uninfected cells 
were immunoblotted using an antibody specific 
for c-Jun. High levels of c-Jun and the mutated 
form, JunA7, were found in PLEs transduced 
with the corresponding RCAS vectors (Fig. 3B). 
Wild-type c-Jun migrated with an apparent mo- 
lecular weight of about 40 kDa, as has been 
observed in other systems [Berko-Flint et al., 
1994; Okuno et al., 19911. The JunA7 product 
migrated slightly faster, consistent with its lower 
molecular weight. Endogenous c-Jun expression 

Fig. 2. Efficiency of transduction with the RCAS retroviral vector. a: PLEs transduced with 
RCASiluc were cultured 4 days. After adding 250 I*.I of luciferin substrate, luminescence was 
recorded by placing the culture dish on Polaroid Type 57 film for 1 h. b: Eosin staining of the 
same culture. 
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Fig. 3. Expression of RCAS/jun and RCAS/jun(A7) A: PCR was 
performed in the presence (+)  or absence (-)  of reverse 
transcriptase (RT) using oligonucleotides spanning the junction 
between the env gene of the RCAS vector and the coding 
sequence of c-jun or jun(A7). lane 1: Control, mock-infected 
with supernatant from uninfected CEFs. lane 2: Infected with 

was very low in the uninfected control cultures 
and was not affected by infection with the par- 
ent vector, RCAS. 

Effect of c-Jun and JunA7 on Proliferation 

c-Jun is known to play an essential role in cell 
proliferation Wogt and Bos, 19901 and can trans- 
form cells when expressed at high levels [Bos et 
al., 19901. To determine the effect of c-jun over- 
expression on chicken lens epithelial cells, 
RCAS-, RCAS /jun-, and RCAS /junA 7-infected 
cells and uninfected controls were trypsinized 
and replated at  constant cell density. After 3 
days, while all the cultures were still subconflu- 
ent, the cells were again trypsinized and cell 
numbers were determined as a measure of the 
proliferation rate. The number of cells in the 
RCAS/jun-infected cultures was significantly 
greater than in the RCAS- or RCAS/junA7- 
infected cultures or in the uninfected controls 
(Fig. 4). Interestingly, cultures infected with 
RCASljunA7 showed no inhibition of prolifera- 
tion as compared to controls, although the mu- 
tated protein was present at elevated levels (Fig. 
3B). 

Effect of C-jun and JunA7 on Differentiation 

The effect of overexpression of c J u n  or expres- 
sion of JunA7 on differentiation was assessed by 
the spontaneous appearance of lentoid bodies, 

the parent vector, RCAS. Lane 3: Infected with RCASijun. lane 
4: Infected with RCAS/jun(A7). The position of DNA size mark- 
ers is indicated at left. B: lmmunoblots of cellular proteins using 
an antibody specific for c-Jun. Lanes 1-4 are as in A. The 
position of protein molecular weight markers is indicated at left. 

400 1 - 

Fig. 4. Effect of RCAS/jun and RCASijun(A7) on cell prolifera- 
tion. Secondary cultures of PLEs were plated at 2 x 1 O5 cells/25 
cm2 flask. Three days after replating, cells were again trypsin- 
ized, and dissociated cells were counted in a hemacytometer. 
Control, uninfected PLEs. 

highly refractile, morphologically distinct aggre- 
gates of nondividing cells that express high lev- 
els of crystallin proteins [Okada et al., 1971; 
Menko et al., 19841. Secondary cultures of in- 
fected and uninfected cells were plated at con- 
stant cell density and allowed to reach conflu- 
ency. Six days postconfluency, lentoid bodies 
occupied extensive areas of the dishes plated 
with RCAS-infected control cells or cells in- 
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Fig. 5. Effect of RCASijun and RCAS/jun(A7) on lentoid body 
formation. Confluent secondary cultures of PLEs were main- 
tained in culture until lentoid body formation was observed. A: 
Control cultures infected with parent vector, RCAS, 6 days after 

fected with the RCAS/junA7 vector (Fig. 5A,B). 
Cells infected with RCAS/jun, however, were 
still vigorously proliferating, as determined by 
labeling with 3H-thymidine (not shown) and con- 
tained only a few, small lentoids (Fig. 5C). While 
overexpression of c-Jun clearly delayed lentoid 
formation, it did not entirely prevent it. By 14 
days postconfluency, RCASIjun-infected cul- 
tures also showed extensive lentoid body forma- 
tion (Fig. 5D). 

To test whether the lentoid bodies formed in 
cultures infected with RCAS, RCASijun, and 
RCAS/junA7 expressed proteins characteristic 
of differentiated lens fiber cells, lentoid bodies 
were detached from the cultures and isolated for 
protein analysis. The protein profiles obtained 
from the lentoid bodies of RCAS-, RCAS/jun-, 
and RCASIjunA7-infected cultures were mark- 
edly different from those of the corresponding 
epithelial monolayers but closely resembled the 

confluency. B: Cultures infected with RCAS/jun(A7), 6 days 
after confluency. C: Cultures infected with RCASijun, 6 days 
after confluency. D: Cultures infected with RCASijun, 14 days 
after confluency. 

protein profile of embryonic chicken lens fiber 
cells (Fig. 6A). In particular, lentoid bodies con- 
tained a high concentration of a 50 kDa protein 
that comigrated with lens fiber cell 8-crystallin. 
Immunoblotting of proteins derived from len- 
toids and epithelial monolayers with an anti- 
body raised against the lens fiber cell membrane 
protein, MIP26 [Menko et al., 19871, demon- 
strated that this protein was expressed in the 
lentoids but not in the monolayer epithelial cells 
of RCAS-, RCASljun-, and RCASIjunA7-in- 
fected cultures (Fig. 6B). The identity of the 
cross-reacting, high molecular weight protein 
seen only in the lentoids is not known. These 
findings demonstrate that the lentoids seen in 
these cultures display biochemical, as well as 
morphological, evidence of differentiation. 

Since c-Jun overexpression promoted prolif- 
eration and cells must cease proliferating to 
differentiate, the appearance of differentiated 
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Fig. 6. Differentiation markers in lentoid bodies from RCASi 
jun-infected PLEs. Equal amounts of protein extracted from lens 
fibers of 14-day-old chicken embryos (F) or from lentoid bodies 
(L) or the surrounding monolayers (M) of lens epithelial cell 
cultures were electrophoresed on SDS polyacrylamide gels and 
transferred to nitrocellulose for immunoblotting. A: Coomassie 
blue stained gel, showing prominent 6-crystallin band at 50 kD 
in lens fibers (F). Lane lM,L: Monolayer cells and lentoids of 

cells in cultures infected with RCAS/jun was 
unexpected. To test whether the cells that 
formed lentoid bodies in the RCAS/jun-infected 
cultures continued to overexpress c-Jun, lentoid 
bodies were selectively detached and c-Jun ex- 
pression was examined by immunoblotting. As 
shown in Figure 7, levels of c-Jun in the lentoid 
bodies appeared to be as high as in the mono- 
layer of cells that did not form lentoids. 

Effects of RCAS/jun and RCASIjunA7 on 
Crystallin Gene Expression 

Many crystallin genes contain potential AP-1 
or CREB sites in their 5'-flanking regions [Piati- 
gorsky and Zelenka, 19921. In the chicken, the 
PA3,Al-crystallin gene contains an AP-1 site (-264/ 
-258) [McDermott et al., 19921, while the d- 
crystallin gene contains both AP-1 (at -571/- 
565) and CREB-like sites (at -138/-130 and -108i 
-100) [Thompson et al., 19871. To determine 
whether overexpression of the wild-type c-Jun 
protein or expression of the mutated form, 
JunA7, affects endogenous expression of these 
crystallin genes, PLEs were transduced with 
RCAS/jun or RCASijunA7, and total cellular 
RNA was isolated after 4 days, a time when all 
cultures were subconfluent and no lentoid bod- 
ies had formed. RT/PCR was then performed to 
determine the relative levels of d- and PA3IA1- 

crystallin mRNAs (Fig. 8A,B). Overexpression 
of c-Jun via the RCAS/jun vector had no effect 

B 

RCAS-infected control cultures. lane 2M,l: Monolayer and 
lentoids of RCASijun-infected cultures. Lane 3M,L: Monolayer 
and lentoids of RCASijunA7-infected cultures. B: lmmunoblot 
using anti(MIP26) antibody. Lanes are labeled as in A. The 
chicken MIP26 protein migrates as a 28kDa protein on SDS 
polyacrylamide gels [Menko et al., 19871. The position of 
molecular weight markers is indicated between panels A and B. 

M L  

68 - 
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Fig. 7. lmmunoblotting with anti(c-Jun) antibody of proteins 
present in monolayer cells (M) remaining after removal of 
lentoids and in lentoids (1) of RCASijun-infected PLEs. Lentoids 
were isolated by gentle agitation of PLE cultures 14 days after 
cells reached confluency. The position of molecular weight 
markers is indicated at left. 

on levels of d-crystallin mRNA relative to  con- 
trols (Fig. 8A) but significantly depressed expres- 
sion of pA3,A,-crystallin mRNA (Fig. 8B). In con- 
trast, RCAS/junA7, which carries the deletion 
mutation of c-jun, greatly increased levels of 
d-crystallin mRNA (Fig. 8A) but had no effect 
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Fig. 8.  Effect of RCASijun and RCASijunA7 on crystallin gene 
expression in PLEs. Levels of (A) d-crystall in mRNA or (6) 
PA? A,-crystallin mRNA were assayed by competitive RTiPCR 
with a DNA internal standard. PLE cultures were either mock- 
infected (control) or infected with RCAS parent vector, RCASi 
jun, or RCASijunA7. Bars represent the mean of three experi- 
ments ? standard error. 

on expression of pA3iAl-crystallin mRNA (Fig. 
8B). 

DISCUSSION 

Infection of embryonic chicken lens epithelial 
cells with the RCASijun retrovirus vector led to 
a marked stimulation of cell proliferation, as has 
previously been observed with chicken embryo 
fibroblasts and myoblasts [Bos et al., 1990; Su et 
al., 19911. This observation not only demon- 
strates that some of the excess c-Jun expressed 
in the PLEs is biologically active, but also indi- 
cates that the response of cultured lens epithe- 

lial cells to  elevated levels of c-Jun is similar to 
that of other cell types. 

The stimulation of proliferation in RCAS/jun- 
infected PLEs was coupled with an inhibition of 
differentiation as judged by the delay in forma- 
tion of lentoid bodies in infected cultures. How- 
ever, differentiation was not entirely blocked by 
c-Jun expression. Ultimately, large numbers of 
cells were able to form lentoid bodies and accu- 
mulate &crystallin and MIP26, an indication 
that they had undergone differentiation [Menko 
et al., 1984, 19871. Moreover, the lentoid bodies 
formed in these cultures still expressed high 
levels of c-Jun protein as determined by immu- 
noblotting. Studies by other investigators have 
shown that myoblasts overexpressing c-Jun be- 
have similarly: differentiation of myoblasts to  
myotubes is only partially inhibited, and myo- 
tubes containing elevated levels of c-Jun protein 
are observed [Su et al., 19911. The ability ofboth 
lens epithelial cells and myoblasts to differenti- 
ate in the presence of excess c-Jun suggests that 
these cell types may ultimately inactivate c-Jun 
or sequester it in complexes that lack growth 
promoting activity. 

The RCAS/jun vector used in the present 
study contains the full coding sequence of 
chicken c-jun but lacks the 3’ untranslated re- 
gion, including several AUUUA repeats that 
confer instability on the mRNA [Shaw and Ka- 
men, 19861. Deletion of this region thus stabi- 
lizes the mRNA, permitting higher levels of both 
mRNA and protein to accumulate [Bos et al., 
19901. The protein, however, still retains a regu- 
latory region in the amino terminus that makes 
it susceptible to inactivation [Auwerx and Sas- 
sone-Corsi, 1991; Baichwal et al., 1991; Adler et 
al., 19921. Thus, although infection with this 
vector caused marked overexpression of c-Jun 
protein in cultured PLEs, it is not known what 
fraction of this protein was active. Indeed, previ- 
ous studies were unable to detect an increase in 
AP-1 binding activity in nuclear extracts of 
chicken embryo fibroblasts transduced with a 
similar retroviral construct bearing chicken c- 
jun  [Hadman et al., 19931, suggesting that fibro- 
blasts are able to  inactivate the bulk of the 
excess c-Jun. Nevertheless, chicken embryo fi- 
broblasts infected with this retroviral construct 
showed a moderate level of transformation [Bos 
et al., 19901, suggesting that even a small excess 
of active c-Jun may have important biological 
consequences, 
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The present data indicate that c-Jun overex- 
pression has an inhibitory effect on expression 
of the pA3,Al-crystallin gene in proliferating PLE 
cultures. Although these experiments are un- 
able to determine whether this effect is medi- 
ated by direct binding of c-Jun to the PAB/A1- 

crystallin promoter, this gene does possess a 
consensus AP1 site at -2641-258, which is part 
of a larger region shown to have strong en- 
hancer activity [McDermott et al., 1992; McDer- 
mott, 19941. A recent study of the chicken P A B / A ~ -  

crystallin promoter [McDermott, 19941 suggests 
that the c-Jun homodimer may be one of several 
proteins in chicken lens nuclear extracts able to  
bind to the AP-1 site. Since overexpression of 
c-Jun would be expected to  lead to increased 
levels of c-Jun homodimers [Kovary and Bravo, 
19911, the present results are consistent with 
the possibility that binding of the c-Jun ho- 
modimer to the AP1 site at -2641-258 may have 
a negative effect on transcription of the PA3/A1- 

crystallin gene in proliferating lens epithelial 
cells. 

Expression of the mutated form of c-Jun 
(JunA7) in cultured lens epithelial cells had no 
measureable effect on the rate of cell prolifera- 
tion or differentiation, although the mutated 
protein was efficiently expressed in the cultured 
cells. A similar result has been reported using a 
negative dominant mutation of c-Fos that lacks 
a functional DNA binding domain [Okuno et al., 
19911. Nonetheless, expression of the mutated 
c-Jun protein (RCAS/junA7) in proliferating cul- 
tures of lens epithelial cells had a marked effect 
on expression of the endogenous d-crystallin 
gene. The increase in d-crystallin expression 
observed in RCAS/junA7-infected cells was spe- 
cific, since this construct did not affect PA3,Ai -  

crystallin expression. Moreover, this effect can- 
not be attributed to differentiation, since it was 
observed 4 days after infection in rapidly prolif- 
erating cultures that showed no morphological 
signs of differentiation. This finding suggests 
that JunA7 is able to relieve repression of the 
chicken 4-crystallin gene in proliferating lens 
cells, presumably by dimerization with a nega- 
tive regulatory protein [Hai and Curran, 1991; 
Vogt and Bos, 19901. 

Analysis of the chicken d-crystallin pro- 
moter has identified several cis acting elements 
responsible for positive and negative regulation 
of transcription [Klement et al., 1989, 1993; 
Matsuo et al., 1991; Matsuo and Yasuda, 19921. 

Although these elements contain no consensus 
AP1 or CRE sites, a divergent CRE has recently 
been identified at -138/-130 [Cvekl et al., 19941. 
The available evidence suggests that CREB binds 
this region in lens cells, exerting a positive effect 
on d-crystallin expression, while AP1 family 
proteins bind the same site in fibroblasts and 
may be responsible for the low level of expres- 
sion in these cells [Cvekl et al., 19941. The 
present study indicates that negative regulation 
of d-crystallin transcription also occurs in lens 
cells under conditions that favor cell prolifera- 
tion. Moreover, the data support the possibility 
that AP1 family proteins are involved in this 
negative regulation, as in fibroblasts, since it 
was relieved by the negative dominant con- 
struct, JunA7. Following differentiation and the 
loss of c-Fos [Rinaudo and Zelenka, 19921, the 
spectrum of AP1 /CREB proteins presumably 
shifts to favor positive-acting proteins, such as 
CREB, leading to increased expression of d- 
crystallin. Further study of the APl/CREB/ 
ATF family of transcription factors in proliferat- 
ing and differentiating lens cells is needed to 
clarify their respective roles. 
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