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Immediate-early Inducible Function in Upstream Region of junB Gene?!
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Objective To analyze the upstream region of radiation-induced junB gene.

Methods Four plasmids containing 250

bp, 590 bp, 900 bp and 1650 bp, and CAT reporter gene were constructed separately and introduced to L8704 cells. The cells
were irradiated with 2 Gy X-rays and incubated at different intervals. Total RNA was extracted from the cells and fluctuation of
the CAT mRNA level was assessed by the RNA ratio of CAT/B-actin measured by quantitative Northern blot hybridization.

Results
its peak 30 min after 2 Gy X-ray irradiation.

CAT mRNA expression containing 900 bp and 1560 bp junB promoter remarkably and rapidly increased, and reached
Conclusions

590~900 bp fragments located in the upstream region of junB
gene play an important role in the early process of cells against radiation.
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INTRODUCTION

lonizing radiation stimulates various biological
reactions in mammalian cells. When cells are
irradiated, numerous mammalian genes are
induced as radiation-response genes*?. It has been
shown that the mechanism of radiation-response
genes involved in the recovery from
radiation-damage in mammalian cells is not yet
completely clear. However studies have shown that
several cytokines can facilitate the recovery from
such damages via activation of signal transduction
systems.

We have previously found that mRNA for junB is
expressed transiently within 30 min in C3H/He mice
and 1 h in Balb/c mice after 3 Gy X-ray irradiation®®!.
These findings imply that junB promoter, 2300 base
pair, presents the immediate-early inducible function
of X-rays. To analyze the unique mechanism against
ionizing radiation, kinetic studies on the expression
of upstream region of junB gene in vitro were
performed.

MATERIALS AND METHODS
Irradiation

X-rays were generated at 200 kVp/20 mA and
filtered through 0.5 mm-thick Cu and Al plates. The
exposure rate was monitored with a Victreen Radio
meter. Dose rates of 0.899 Gy/min were used for
cultured cells.

Constructing 4 Plasmids Containing both junB
Promoter Fragment and CAT Reporter Gene

Restriction enzyme HindIIl was used to digest
the pBSV11 plasmid and obtain the upstream region
of junB gene, 2300 base pair fragments were inserted
into the upstream region of TATA box, and a new
plasmid pBSV1la was constructed as follows. Pst I,
Kpn I, BamHI, and Xho I enzymes carrying out the
pBSV1la, 250, 590, 900, and 1560 base pair
fragments containing TATA box were isolated and
inserted into the upstream region of CAT reporter
gene in pCAT(B) plasmid respectively, generating the
pRSVC1, PpRSVC2, pRSVC3, and pRSVC4
plasmids.
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Four Plasmids Introduced to L8704 Cells and Cells
Irradiation

Cell line L8704 is an adhesive macrophage-like
leukemic cell line, established from C3H/He mice
with radiation-induced leukemial. L8704 cells were
pre-cultured with MEM-a medium (Sigma) at 37°C
in 5% CO, for 16 h, transferred with pRSVC1,
pRSVC2, pRSVC3, and pRSVC4 separately by
liposome transduction, and continuously cultured for
5 h. The cells were irradiated at room temperature
with 2.0 Gy X-rays and incubated at 37°C in 5% CO,
for 30, 60, 90, and 180 min. Immediately after
incubation, the cells were chilled at 4°C, pelleted,
and stored at -80°C. For positive control, addition of
12-o-tetradecanoyl phorbol acetate (TPA, Sigma, St.
Louis, USA) at a final concentration of 83 nmol/L
into the culture was replaced by irradiation.

RNA Isolation and Northern Blotting

RNA was extracted from cells using the
quanidium/hot-phenol  method™,  subjected  to
electrophoresis in 1% agarose gel after glyoxylation,
and electro-transferred on a positively charged nylon
membrane (IBI, Optiblot)®. The membrane was
pro-hybridized with 50% formamide (Bethesda
Reaearch Laboratories) containing 1% sodium
dodecyl sulfate, 0.1% Ficoll 400 (Pharmacia), 0.1%
bovine serum albumin (Sigma, fraction V), 0.1%
polyvinyl pyrrolidone, 100 ug/mL sonicated salmon
sperm DNA, 50 mmol/L Tris-HCI (pH 7.5), and 50
mmol/L sodium phosphate/5xSSC at 42°C for 1 h.
Hybridization was performed by incubation of the
blot membrane with radio-labeled DNA probes for 16
h. To prepare the DNA probe, two probes, forward
and reverse specific probes for CAT reporter gene
and a template DNA for human B-actin gene were
used. Radioactive DNA probes were prepared by the
random-primer DNA labeling kit (Bethesda Research
Laboratories) with template DNAs and **P-o-dCTP
and diluted to a specific activity of about 10® cpm/ug
DNA. After hybridization, the membrane was washed
twice at 60°C with 2xSSC containing 1% sodium
dodecyl sulfate for 30 min and exposed to the
imaging plate (Fuji Photo Film Co.).
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Quantitative Northern Blotting

Quantitative auto-radiograms were obtained by
2-dimensional measurement of the imaging plate with
the BAS2000 system (Fuji Photo Film Co.). Each
sample was analyzed for mRNA expressions of
forward and reverse CAT and B-actin on the same
gels, and the ratio of CAT (forward-reverse)/ B-actin
was calculated to represent the mRNA expression
level of CAT. All experiments were repeated twice.

RESULTS

Constructing 4 Plasmids Containing Both junB
Promoter Fragment and CAT Report Gene

Restriction enzymes Pst I, Kpn I, BamHI, and
Xho I that digested the pBSV1la plasmid, 250 bp,
590 bp, 900 bp, and 1560 bp junB promoter
fragments containing TATA box were obtained and
inserted to the upstream region of pCAT (B) plasmid
respectively. pRSV1, pRSV2, pRSV3, and pRSV4
plasmids were constructed (Fig. 1).

MH  pRSVCI pRSVC2 pRSVC3 pRSVC4

FiG.1. Plasmids pRSVC1, pRSVC2, pRSVC3 and
pRSVC4 containing 250, 590, 900, and 1560
base pair fragments of junB promoter and
CAT reporter gene.

CAT mRNA Expression in L8704 Cells After 2 Gy
X-ray Irradiation

The auto-radiograms of Northern blot hybridization
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were quantitatively analyzed. Relative level of CAT
MRNA was determined by calculating the RNA ratio
of CAT (forward-reverse) B-actin. For the positive
control, when TPA was added, CAT mRNA
expression was induced for 30 min and returned to
the normal level 60 min after the addition (data not
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shown). Similar immediate-early induction was
observed in the irradiation group. Level of CAT
MRNA reached its peak within 30 min in pRSV3
group and reached its peak within 60 min by 2.0 Gy
of X-ray in pRSV4 group (Fig. 2).
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FiG. 2. Northern blot hybridization and analysis of immediate-early inducible function in the upstream region of junB gene.

DISCUSSION

The products of c-jun proto-oncogene and two
related genes, junB, and junD, are components of
transcription factor AP-1, that regulate the expression
of a number of TPA-inducible genes by binding to
TRE®. Both c-jun and junB are rapidly induced by
a variety of extracellular stimuli such as serum,
growth factors, phorbol esters (TPA), and activators
of protein kinase A (PKA). It has been reported that
the inverted repeat sequence positioned at -57 to -50
from the transcriptional initiation site of junB gene
mediates induction of junB promoter by TPA and
cAMPE.  Signal transduction via the adenylate
cyclase/cCAMP  system involves activation of
cAMP-dependent protein kinase A (PKA). Activated
PKA transduction message to cell nuclei as protein
kinase C (PKC) reacts to TPA or receptor-linked
phospholipids turnover. Activation of these kinases
finally results in modulation of the activity of
transcription factors such as NF-kappa B or members
of the AP-1 gene family™'?. lonizing radiation, as an
extracellular stimulus, induces numerous cytokines
including IL-1B and junB that have protective
function against radiation™, suggesting the
emergence of the protection mechanism against
radiation damage. Studies on the regulatory
mechanism of junB genes are important to explore
and control the endogenous mechanism for radiation
protection.

In our previous studies, junB mRNA increased

immediately after irradiation, and reached its peak
within 30 min, indicating that junB gene plays an
important role in the process of message transduction
and presents the sensitive domain to X-ray irradiation.
Conventional reporter assay is not suitable for
analyzing  molecular  mechanisms  underlying
immediate-early activation, since the late-phase
induction mainly contributes to accumulation of
reporter gene products™®. To reveal the
immediate-early reaction surrounding the junB gene,
we examined the promoter function after irradiation
using modified reporter assay™™¥, and found that the
junB promoter was induced by 2 Gy X-ray irradiation.
Sequences between -900 and -590 were involved in
the regulation of junB expression.

The target sequences for binding to X-ray
specific protein in this study were longer than 300
nucleotides, larger than the retrotransposon
activator™® and typical binding motif of the nuclear
factors. It is presumed that several nuclear
components are bound to different sites in this 310
nucleotide region simultaneously. Several nuclear
components are necessary to construct the binding
complex with DNA. Determining the effect of 310
nucleotides on X-ray irradiation is essential for a
further understanding of the mechanism of early
response.

At present, it is still unclear why the expression
of a gene for a cytokine as well as radio-protector has
an immediate responsive phase after X-irradiation,
although most of the genes are induced immediately
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by X-ray encoding nuclear factors. Further cloning
the 310 nucleotid and testing its sensitivity to X-rays
iS necessary.

REFERENCES

1. Fornace Jr A (1992). Mammalian genes induced by radiation:
activation of genes associated with growth control. Annu Rev
Genet 26, 507-526.

2. Herrlich P, Ponta H, Rahmdorf H (1992). DNA damage-induced
gene expression: Signal transduction and relation to growth
factor signaling. Rev Physiol Biochem Pharmacol 119,
187-223.

3. Wan H, Ishihara H (2004). Expression of JunB Induced by
X-rays in Mice. Biomed and Environ Sci 17, 327-332.

4. Seki M, Yoshida K, Nishimura M, et al. (1991). Radiation-
induced myeloid leukemia in C3H/He mice and the effect of
predonisolone acetate on leukemogenesis. Radiat Res 127,
146-149.

5. Sambrook J, Fritsch E F, Maniatis T (1989). Molecular clone: a
laboratory manual. 2nd. New York: Cold Spring Harbor
Labortory Press.

6. Ishihara H, Shikita M (1990). Electroblotting of double-stranded
DNA for hybridization experiments: DNA transfer is complete
within 10 minutes after pulsed-field gel electrophoresis. Ana
Bichem 184, 207-212.

7. Shoda T, Fukuda K, Uga H, Enviorn (2001). Activation of
my-opioid receptor induces expression of c-fos and junB via
mitogen-activated protein kinase caseade. Anesthesiology 95,
983-989.

8. Andrecht S, Kolbus A, Hartenstein B, et al. (2002). Cell cycle

promoting activity of JunB through cyclin A activation. J Biol
Chem 277, 35961-35968.

9. Auwerx S, Staels B, Sassone-corsi P (1990). Coupled and
uncoupled induction of fos and jun transcription by different
second messenger in cells of hematopoietic orgin. Nucleic
Acids Res 18, 221-228.

10.Mathas S, Hinz M, Anagnostopoulos |, et al. (2002). Aberrantly
expressed c-Jun and JunB are a hallmark of Hodgkin lymphoma
cells, stimulate proliferation and synergize with NF-kappa B.
EMBO J 21, 4104-4113.

11.Neta R, Oppenheim J J, Wang J, et al. (1994). Synergy of IL-1
and stem cell factor in radioprotection of mice is associated
with IL-1 up-regulation of mRNA and protein expression for
c-kit on bone marrow cells. J Immunol 153, 1536-1543.

12.Yang Y, Shen P (2004). Site-directed mutagenesis and promoter
functional analysis of RMO07 DNA fragment from
Halobacterium halobium in Escherichia coli. Acta Genetica
sinica 31(5), 525-532.

13.Wan H, Tanaka I, Ishihara H (1997). Analysis of the upstream
region of the radiation-induced genes for the immediate-early
induction by the modified reporter assay. Journal. Radiation
Research 38, 331.

14.1shihara H, Tanaka I, Wan H, et al. (2004). Retrotransposition
of limited deletion type of Intracisternal A-particle elements in
the myeloid leukemia cells of C3H/He mice. J Radiat Res 45,
25-32.

15.Tanaka |, Ishihara H (2001) Enhanced expression of the early
retrotransposon (ETn) in C3H mouse-derived myeloid leukemia
cells. Virology 280, 107-114.

(Received March 25, 2005 Accepted November 11, 2005)



	*Beijing Neurosurgical Institute, Beijing 100050, China; #National Institute of Radiological Sciences, Chiba-shi 263-8555, Japan 

