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inducing the degradation of mRNA. ZFP36 is an immediate-early gene: its transcription is activated directly following ap-
propriate cellular stimuli, without any need for intervening protein synthesis. Prominent mRNA targets of ZFP36 are tumor 
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consistently found in cancers, ZFP36 is thought to be a tumor-suppressor. ZFP36 also is responsible for the suppression 
VM�;5-����NP]PUN�P[�HU�HKKP[PVUHS�YVSL�PU�[OL�JVU[YVS�VM�[OL�PUÅHTTH[VY`�PTT\UL�YLZWVUZL��;O\Z��Z[\K`PUN�[OL�YLN\SH[PVU�
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regulation of ZFP36, two conserved regions upstream of the start of transcription were assayed for their ability to confer 
serum induction. Using a luciferase reporter gene system in HeLa cells, we show that neither region examined is induced 
by serum.
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Immediate-early genes are characterized by immediate 
transcriptional activation upon appropriate stimulation, 
including treatment of cells with mitogen-containing se-
rum, without any need for intervening protein synthesis 
(Johansen, 1995). As they are among the !rst genes to be 
activated in many signaling pathways, immediate-early 
genes provide a gateway to study the cellular response. 
Zinc !nger protein 36 (ZFP36) is an immediate-early gene 
product that regulates the expression of some genes by 
destabilizing their mRNA. "e protein binds to AU-rich 
sequences on mRNA and catalyzes removal of the poly-
adenylated tail, reducing the half-life of the RNA (Blacks-
hear, 2002). "e zinc !nger motif is common in DNA and 
RNA binding proteins, though ZFP36 is unusual in that 
it has a Cys3-His zinc-coordinating domain, as opposed to 
the more common Cys2-His2 domain (Tchen, 2004). "is 
slight di#erence in peptides might subtly impact the nu-
cleotide binding dynamics of ZFP36. Notable genes regu-
lated in part by ZFP36 include tumor necrosis factor-Ơ�
(TNF-Ơ), epidermal growth factor (EGF) and c-fos, a tran-
scription factor that promotes proliferation (Amit, 2007) 
Mice de!cient in ZFP36 develop an excess of TNF-Ơ, and 
the overabundance of this cytokine results in autoimmune 
complications such as arthritis (Lai, 1998). As EGF and 
c-fos are both implicated in proliferation, ZFP36 is also 
thought to act as a tumor-suppressor (Amit, 2007)

"e ZFP36 gene is regulated in several ways. Tchen and 
colleagues et al. have shown that the ZFP36 gene is mito-
gen-inducible via protein kinase p38 (Tchen, 2004). "is 
result is consistent with qPCR data demonstrating that 

ZFP36 is induced (upregulated) strongly by serum 
after one  hour (Figure 1). However, the upregu-
lation seems to be independent of serum response 
factor (SRF), the transcription factor that primarily 
mediates the serum response (Prywes, unpublished 
data). Lai and colleages showed  that there are im-
portant regulatory elements downstream of the start 
of ZFP36  transcription, and at least one of those 
regulatory elements is on an intron (Lai, 1995; Lai, 
1998). Given that ZFP36 is induced by serum one 
hour after induction, we hypothesized that there may 
be additional serum-dependent regulatory elements 
upstream of the start of transcription. We identi!ed two 
conserved regions in the promoter region of mouse ZFP36 
and used a luciferase reporter gene assay to test the ability 
of each region to confer serum induction in HeLa cells. 
However, we ultimately ascertained that neither region was 
able to confer serum induction of ZFP36 in HeLa cells. 
"is study and other studies of the regulation and action 
of ZFP36 will provide vital information about this protein, 
and further research will play a signi!cant role in gaining a 
better understanding of the biological pathways for prolif-
eration and in$ammation. 
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the connections to appear unclear.  By stereotaxically 
injecting virus we can also be more accurate and consis-
tent with future injections into the mouse brain.  Dif-
ferent orientations of slicing must be tested in order to 
find the optimal orientation for preserving connections.  
Once the connection from CA1 to the EC is clearly es-
tablished, we also plan to examine the connections pro-
jecting from the EC to CA1.  This anatomical data will 
contribute to the success of future electrophysiological 
studies. 
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Ypriate pH, DNA binds weakly to the calcium phosphate 
particles, and cells which endocytose the precipitate may 
take up the genetic material.

Each transfection comprised a reporter plasmid, an RL-
SV40 plasmid, and the non-luciferase plasmid pCAN, 
thus keeping the total DNA quantity constant at approxi-
mately 1 µg/µL. !e RL-SV40 plasmid carries the enzyme 
renilla luciferase, which is coupled to a promoter from the 
SV40 virus. Since renilla luciferase can be measured inde-
pendently of "re#y luciferase, and the SV40 promoter is 
expressed constitutively, this plasmid was used to control 
for variable transfection e$ciencies. In one experiment, 
the alternate renilla plasmid RL-TK was used, which has 
a tyrosine kinase promoter in place of the SV40 promoter.

Cells were plated onto 24-well plates the evening prior 
to transfection at a density of 6.5 x 104 cells per well, in 
Dulbecco’s Modi"ed Eagle Medium (DMEM) contain-
ing 10% NCS. Transfection mixtures were prepared using 
1.75 µL of 2.5 M calcium chloride, the appropriate plas-
mids, and water to a total volume of 16 µL. !e reporter 
plasmids were added at a concentration of 125 ng per well, 
and the renilla plasmid at a concentration of 66 ng per 

well. For each reporter gene, four identical wells were 
prepared to allow for duplicates. Each transfection 
mixture had a total volume of 64 µL. To each tube, 
64 µL of HBS (a pH-adjusted mixture containing 
soluble phosphate salts) was added. !e tubes were vor-
texed brie#y and allowed to sit for 10 minutes at room 
temperature to allow the calcium phosphate to precipitate. 
!en 32 µL of each mixture was added to the appropriate 
well. !e following morning, the media was replaced with 
10% NCS in DMEM.

Serum induction and luciferase assay
On the afternoon of the day following transfection, the 

media in all of the wells were changed to 0.2% neonatal 
calf serum (NCS). !e following morning, the cells in half 
of the wells were induced by adding 125 µL of pure NCS, 
raising the serum concentration to 20%. !ree hours after 
serum induction, all cells were washed with sterile PBS and 
treated with 100 µL of Passive Lysis Bu%er, which keeps 
cytosolic proteins intact during lysis. !e cells were left 
at room temperature for 20 minutes on a slowly rotating 
shaker.

A bioluminescence detector was used to assay luciferase 
activity. Two reagents were used for the assay: Luciferase 

Materials and Methods

Plasmid construction
Two plasmids, pZFP-2791-FGL3 and pZFP-1835-

FGL3, were constructed from a plasmid called pZFP-3.7-
FGL3 that had been made previously. !e insert was ex-
cised with two di%erent enzyme combinations: KpnI and 
HindIII in one case, and KpnI and BglII in the other. !is 
resulted in linearized plasmids that carried an ampicillin 
resistance gene, a minimal promoter from the human c-
fos gene, and a "re#y luciferase gene. !e two promoter 
regions of interest were obtained from PCR ampli"cation 
of mouse genomic DNA. !e primers delineated regions 
from -2591 to -1810 and from -1835 to -901 base pairs 
relative to the start of transcription, with regions chosen 
based on mammalian conservation patterns (Figure 3). 
Each primer was designed with overhangs to insert the re-
striction sequences into the PCR products. Each pair of 
plasmid and PCR product was ligated at 14 ˚C for four 
hours using the T4 DNA ligase enzyme.

!e resultant plasmids were transformed into E. coli 
for ampli"cation. Sequencing revealed that the pZFP-
1835-FGL3 plasmid had only a single-base change in the 
c-fos minimal promoter region. !e pZFP-2590-FGL3 se-
quence showed an extra, non-contiguous piece of mouse 
ZFP36 DNA that had been inserted due to the presence 
of an internal BglII site in the mouse gene. !is piece was 
excised and the plasmid ampli"ed to give the correct se-
quence.

!e other plasmids transfected were pCyr61, a control 
for which moderate serum induction was expected (Babic 
et al.), pOFGL3, which contains only the c-fos minimal 
promoter and luciferase, and two other plasmids (pZFP-
3.7-FGL3 and pZFP-932-FGL3), which incorporate re-
gions of the mouse promoter at -3700 and -932 bases re-
spectively.

 
Transfection

Transfection was carried out using a calcium phosphate 
protocol. In this method, a "ne calcium phosphate precip-
itate introduces genetic material into cells. At the appro-

�

Figure 1 9LZ\S[Z�MYVT�X7*9�MVY�J�MVZ��TPN���HUK�A-7����PU�/L3H�JLSSZ�

�

Figure 2 .YHWO�PSS\Z[YH[PUN�[OL�PUK\J[PVU�VM�LHJO�YLWVY[LY�NLUL�I`�ZLY\T��;OL�YH^�KH[H�JVUZPZ[LK�VM�K\WSPJH[L�WHPYZ�VM������HUK�����ZLY\T�JVUKP-

[PVUZ��NP]LU�HZ�YH[PVZ�VM�3(9�[V�:.�S\TPULZJLUJL��;OL�]HS\LZ�^LYL�JHSJ\SH[LK�I`�UVYTHSPaPUN�LHJO�KH[H�ZL[�[V�VUL�VM�[OL������YH[PVZ��[OLU�

H]LYHNPUN�[VNL[OLY�[OL�K\WSPJH[LZ�HUK��PM�H]HPSHISL��V[OLY�KH[H�ZL[Z�MYVT�KPMMLYLU[�KH[LZ��5V�ZPNUPÄJHU[�ZLY\T�PUK\J[PVU�PZ�ZLLU��L_JLW[�PU�[OL�

A-7������JVUKP[PVU��^OPJO�\ZLK�93�;2�PU�WSHJL�VM�93�:=���HZ�[OL�YLUPSSH�WSHZTPK�
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Activating Reagent (LAR) and Stop & Glow reagent 
(SG). LAR is the substrate of the !re"y luciferase 
enzyme, and SG is the substrate of renilla luciferase. 
Each well was measured in two steps. First, 5 µL of 

cell lysate is added to 25 µL of LAR, and the luminescence 
was measured. Second, 25 µL of SG was added to the 
mixture and the luminescence is measured again. When 
analyzing the data, each measurement was normalized by 
computing the ratio of LAR to SG luminescence.

ZFP36 mRNA was signi!cantly induced by serum 
Quantitative PCR was run on cDNA prepared from 

HeLa cells that were stimulated with serum for durations 
between 0 and 120 minutes (Figure 1). ZFP36 showed an 
induction pattern similar to c-fos, with strongest induc-
tion between 30 minutes and 1 hour. Mig6, a gene that is 
not induced by serum, was used as a negative control.

None of the reporter genes tested was signi!cantly in-
duced by serum

Figure 2 shows a summary of the results of the lucifer-

ase assays performed on transfected HeLa cells. None of 
the reporter genes showed an appreciable increase in ex-
pression upon induction with 20% serum. Minimal serum 
induction was observed when a di#erent renilla plasmid 
was used (see Discussion).

$e data do not support the hypothesis that conserved 
regions between -2150 and -901 confer serum induction 
of ZFP36. $is result was reproducible through several 
rounds of transfections. $is suggests that the observed se-
rum induction of ZFP36 is mediated entirely by elements 
that are downstream of the start of transcription.

One issue that arose in the luciferase data was the in-
consistency of renilla measurements. $e SG values tended 
to vary, and previous experiments using a similar protocol 
indicated that renilla itself may be induced by serum. To 
test if serum induction of the renilla gene was a#ecting 
the results, an alternate renilla gene with a tyrosine kinase 
promoter (RL-TK) was substituted for RL-SV40 in one 

trial. $e calculated data do indeed show that pZFP-3.7-
FGL3 was induced slightly less than threefold in this trial, 
but both the LAR and SG measurements from this trial 
were so di#erent from those in other trials that no conclu-
sions could be drawn from this result. $e great variation 
in LAR measurements indicates a non-trivial relationship 
between two transfected genes: that is, the presence of one 
gene in the transfection mixture can a#ect the e%ciency 
of the transfection of other genes. Another possible con-
founder could have been the plasmid preparations them-
selves, as calcium phosphate transfection is pH-sensitive. 
Using a di#erent transfection method could more conclu-
sively resolve this issue. Nevertheless, the signi!cant serum 
induction observed in the qPCR results does not appear 
to be mediated by any of the upstream regions that were 
examined.

In conclusion, neither region tested was induced by se-
rum when expressed on a reporter gene in HeLa cells. Fu-
ture studies may further investigate the downstream regu-
latory elements characterized by Lai et al., or attempt to 
!nd other cellular stimuli that regulate ZFP36.
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Results
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Figure 3 Upstream ZFP36 promoter region, showing mammalian conservation regions. From USCS Genome Biogenetics, http://genome.ucsc.edu/
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