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Abstract
The tumor suppressor C/CAAT enhancer binding protein alpha (C/EBPα) is a transcription factor
involved in cell cycle control and cellular differentiation. A recent study showed that C/EBPα is
frequently downregulated in Head and Neck Squamous Cell carcinoma (HNSCC) by DNA
methylation in an upstream regulatory region. Here we investigated how DNA methylation in the
upstream regulatory region disrupts the transcriptional regulation of C/EBPα in HNSCC. The results
reveal that aberrant methylation correlates with Methyl Binding Domain protein binding and
repressive histone modifications. This methylated region contains previously uninvestigated AP2α
binding sites. AP2α suppresses C/EBPα promoter activity and protein expression. Interestingly,
silencing AP2α by shRNA increases the anti-proliferative isoform of C/EBPα (p42C/EBPα).
Furthermore, growth analysis revealed that these two isoforms yield very different proliferative
properties in HNSCC.
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Introduction
C/EBPα is a transcription factor involved in cell cycle regulation and cellular differentiation
in hepatocytes and adipocytes (1). It promotes anti-proliferation through inhibition of CDK2,
4, and 6 and repression of S-phase gene transcription (2). C/EBPα is alternatively translated
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via leaky translation, creating p42C/EBPα and p30C/EBPα proteins (3). Although both isoforms
are able to bind to C/CAAT elements in target promoters, only the larger isoform contains the
anti-mitotic activity (2). In this way, the truncated isoform behaves as a dominant negative
isoform.

Recent studies suggest putative tumor suppressor function of C/EBPα not only in leukemia
(4) but also in solid tumors, such as lung cancer (5). C/EBPα was found to be downregulated
in 78% (31/40) of HNSCC samples in a microarray profiling study (6). Furthermore, there was
a significant correlation between C/EBPα downregulation and poor prognosis patients with
extensive lymph node metastasis(6). Subsequently, tumor suppressor activity in HNSCC was
demonstrated, and epigenetic alterations were shown to play a major role in altering C/EBPα
expression in tumor samples (7).

AP2α has been previously shown to act as a transcriptional suppressor for C/EBPα promoter
activity in adipocytes, hepatocytes, and keratinocytes by binding to the core promoter (8–10).
An inverse correlation between AP2α and C/EBPα expression is required for adipocyte
differentiation: AP2α expression decreases and C/EBPα expression increases during
differentiation (8). Decreased C/EBPα expression has been observed in HNSCC, correlating
with decreased cellular differentiation (7). Therefore, AP2α may also provide transcriptional
suppression of C/EBPα in HNSCC. In this study, we demonstrate with C/EBPα promoter
assays and ChIP analysis that upstream AP2α binding inhibits SP1 binding and suppresses C/
EBPα transcription in HNSCC. Also, AP2α silencing using stable shRNA reveals restored
promoter activity and increased p42 C/EBPα protein expression.

Materials and Methods
Cell lines

The human HNSCC cell lines used in the study (SCC11B, 17AS, 22B, and 25) were maintained
in DMEM with 10% FBS and 1% Streptomycin/Penicillin antibiotics. The HaCat immortalized
keratinocytes (11) were maintained in keratinocyte growth medium with 10% FBS and 1%
Streptomycin/Penicillin antibiotics.

Patient samples
Frozen tumor tissues and adjacent normal tissue from HNSCC patients were obtained from
The Ohio State University Medical Center via the Cooperative Human Tissue Network.
Surgery was performed on all patients at The Ohio State University Medical Center. All sample
collections were done according to the National Institutes of Health guidelines and under a
protocol approved by The Ohio State University’s Institutional Review Board. Control samples
were collected from morphologically normal tissue located at least 3 cm from the tumor margin.
Histopathological evaluation was performed on all samples for verification. For the AP2α RT-
PCR expression analysis in HNSCC patient samples, thirteen tumor samples and nine normal
tissues were provided from University of Heidelberg in accordance with ethical regulations
from the Nationale Centrum fur Tumorerkrankungen, Heidelberg, Germany.

Plasmids and oligonucleotides
The promoter constructs used in the luciferase assay were cloned into the multiple cloning site
of pGL3 basic. The promoter sequences spanned from +4 bp (relative to the C/EBPα
transcription start site) to −889 bp, −1013 bp, −1256 bp, and −1423 bp. The suppressor
constructs contained −1423 bp to −1357 bp (“Sup 1”), −1357 bp to −1258 bp (“Sup 2”), and
−1402 bp to −1329 bp (“No Sup”). The E2F3a promoter construct contained 2kb upstream
E2F3a promoter sequence removed from pGL2 basic (12) and cloned into the HindIII site
within the MCS of pGL3 basic. The full suppressor construct contained −1423 bp to −1258 bp
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of C/EBPα sequence adjacent to the E2F3a promoter in pGL3. The USF and SP1 mutant
promoter constructs were made by site mutagenesis as previously described (13). The control,
NFkB responsive promoter, contains three NFkB binding sites in pGL3 basic (14). The
dominant negative NFkB, pcDNA IkBα, contains cDNA coding for IkB that is mutant at the
phosphorlyation sites necessary for its degradation (i.e. Ser 32 and Ser 36 changed to Ala)
(14). The C/EBPα overexpression vector was provided by Dr. Gokhan Hotamisligil (The
Harvard School of Public Health). The 30kDa C/EBPα overexpression vector was generated
by removing 316 bp of the 5′ cDNA sequence upstream of the 30 kDa translation start site
using endogenous SacII restriction sites. The pRS retroviral vector from Origene was used for
stable silencing experiments. The AP2α shRNA construct contained an oligo sequence
(available upon request) cloned into the BamHI/HindIII sites. The hairpin sequence (available
upon request) targeted against C/EBPα (227 bp past the 42kDa translation start site) was cloned
into the BamHI and HindIII sites of the plasmid. The C/EBPα double-stranded RNA
oligonucleotides (sequence available upon request) (targeted 1,466 bp beyond the 42kDa
translation start site) were purchased from Ambion for the transient silencing experiments. The
p42 alternate promoter construct contained −1kb to −1423bp of C/EBPα upstream sequence
cloned in front of the C/EBPα cDNA in the overexpression vector. The p30 alternate promoter
construct contained 0 to −1kb of C/EBPα upstream sequence cloned in front of the C/EBPα
cDNA in the overexpression vector.

Transfections
Stable transfections were performed as previously described (15). 120 hrs post-infection, the
target cells were collected, counted, and suspended in Laemmeli buffer for western blot
confirmation of silencing. For the stable silencing, 30 μg of pRS-C/EBPα along with 60 μl of
superfect and 210 μl of DMEM without FBS were incubated together for 10 minutes. This was
then suspended in 8 ml of DMEM + 10% FBS and added to a p150 cm plate of Phoenix cells
at 50% confluency. After 4 hrs, the media was replaced with 16 ml of DMEM + 10% FBS.
After 48 hrs, 8 ml of the Phoenix media was briefly centrifuged with 8 μl of polybrene and
added to 1.5 million target cells on a p150 cm plate. 120 hrs post-infection, the target cells
were collected, counted and suspended in laemelli buffer for western confirmation of silencing.
For the transient silencing experiment, 160,000 C/EBPα-overexpressing SCC22B cells were
plated per well in a 6-well plate. The transfections were done in duplicates. The negative control
transfection mix contained 100 μl EC-R buffer (Qiagen), 14.4 μl RNAifect (Qiagen), and
2,885.6 μl DMEM + 10% FBS. The 30 nM siRNA transfection mix contained 4.8 μl 20 μM
siRNA stock, 95.2 μl EC-R buffer (Qiagen), 14.4 μl RNAifect (Qiagen), and 2,885.6 μl DMEM
+ 10% FBS. The transfection media was left on the cells for 72 hrs. Then the cells were
trypsinized, counted, and suspended in laemelli buffer for western analysis.

Bisulfite Sequencing
−1423bp to −1121 bp upstream of C/EBPα’s transcription start site of bisulfite-treated HNSCC
cell line SCC22B (“+” and “−“ AP2α shRNA) was analyzed for methylation as previously
described (13).

Growth Curve
10,000 cells were plated in triplicates in a 6-well plate for a 4-day growth curve analysis. For
each count, 500 μl of trypsin was added to each well for 3 minutes, after which the cells were
suspended in 2 mls of PBS, and 500 μl was counted using a Coulter counter.
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Western Blot analysis
The western blots were performed as previously described (13). After AP2α detection, the blot
was reprobed with a 1:500 dilution of α-tubulin antibody (1:3,000 secondary mouse antibody)
and 1:500 dilution of C/EBPα antibody (Santa Cruz sc-61)(1:1,000 secondary rabbit antibody).

5-aza-2′-deoxycytidine treatment
HNSCC cell lines were incubated for 96 hrs with 3 μM 5-aza-2′-deoxycytidine (5-aza-dC)
(Sigma) with medium changed every day. Treated cells were harvested for analysis 1~4 days
after the procedure. Cells were trypsinized and suspended in 10 ml DMEM and 270 μl 37%
formaldehyde for ChIP analysis.

Chromatin Immunoprecipitation assay (ChIP)
ChIP was performed according to the Upstate Protocol. Cells were grown on p150 mm plates,
and then the media was removed and replaced with 10 ml DMEM and 270 μl 37%
formaldehyde. Plates were shaken at room temperature for 10 minutes then 1 ml of 1.25 M
glycine was added for 5 minutes. Plates were then washed 3 times with cold PBS with 2 μl
PIC/ml, centrifuging at 2500 rpm for 5 minutes at 4°C and resuspending the pellet after each
wash. PBS was removed and cells were suspended in 7 ml of cell lysis buffer (85 mM KCl, 5
mM PIPES, 2 μl PIC/ml) and dounced on ice. Cells were then centrifuged again and suspended
in 500 μl SDS lysis buffer (Upstate) with 1 μl PIC. The cells were then sonicated at setting 7
(Misonix) for 15 pulses of 20 seconds each. Debris was pelleted by brief centrifugation at 4°
C, and the supernatant was placed in a new centrifuge tube. 60 μl of agarose beads were added,
and the tubes were rotated for 1hr at 4°C. Tubes were then centrifuged, and the supernatant
was placed in a clean microcentrifuge tube with 1800 μl ChIP dilution buffer. At this point, 20
μl from each tube was removed as input. Then 5 μg of antibody was added to the tubes and
allowed to rotate at 4°C overnight. 60 μl agarose beads were added to the tubes and allowed
to rotate 1 hr at 4°C. Tubes were then centrifuged, supernatant removed, and beads were washed
with low salt, high salt, LiCl, and TE (2X) rotating for 4 minutes each. DNA was eluted from
the beads with 500 μl eluate, and the crosslinks were reversed for 4 hrs at 65°C. The eluate
was then treated with RNase, 0.5 M EDTA, 1 M Tris, and PK for 1 hr at 45°C. Samples were
then PCR purified with QIAquick PCR purification kit. Quantitative PCR for the ChIP assay
was done with 3 μl of ChIP eluate and primers surrounding the promoter binding sites. Promoter
enrichment was assessed by normalization of threshold crossing of the samples compared to
the threshold crossing of the negative control (no antibody).

RNA isolation and cDNA synthesis
RNA was isolated according to the manufacturer’s protocol. DNase treatment was performed
on 1–2 μg of RNA by adding 2U of DNaseI (Invitrogen, Carlsbad, CA), 1 μl DNase buffer,
and 0.4 μl RNase Out (Invitrogen, Carlsbad, CA) for 15 min at room temperature. 1 μl
ethylenediaminetetraacetic acid (EDTA) was then added to the mix for 10 min at 65°C,
followed by an incubation on ice for 5 min. cDNA synthesis was performed by the following
reaction: 2 μl random hexamers and 1 μl deoxynucleotide triphosphates (dNTPs) (10 mmol/
L) for 5 min at 65°C then 2 min at 4°C; 2 μl of 10X buffer, 4 μl MgCl2, 2 μl dithiothreitol
(DTT), and 1 μl RNase Out was added for 2 min at 25°C; 100 U of SuperScript II (Invitrogen)
for 50 min at 42°C; 15 min at 70°C, then transferred to 4°C.

Real-time PCR (RT-PCR)
Quantitative mRNA expression was measured using SYBR Green I (BioRad, Hercules, CA)
in an I-Cycler (BioRad). Expression of glycosylphosphatidylinositol (GPI) was used as the
internal control gene. I-Cycler conditions and RT-PCR primers can be provided upon request.
For the RT-PCRs on the HNSCC patient samples, AP2a and three internal controls
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glycosylphosphatidylinositol (GPI), TATA binding protein (TBP), glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) cDNA levels were measured using SYBR Green I
(BioRad) in a BioRad I-Cycler. Data were acquired in the format of cycle number crossing the
software-generated threshold (Ct). The average of differences in Ct between AP2a and the
three internal standards (DCt) from all normal a tissues was defined as normal level (NL).
Normalized AP2a cDNA levels in tumors were calculated using the formula 2−(DCtTumor-NL),
(2 is the efficiency of the PCRs determined by calibrating experiments). We defined the normal
expression range as 1 in normal tissues.

Luciferase Assay
Keratinocytes, SCC11B, or SCC22B cells (20,000) were plated in each well of a 24-well plate.
24 hrs later, the transfection was performed using the Promega manufacturer’s protocol.
Briefly, 1 μg of the promoter-pGL3 plasmid DNA was combined with 4 μl superfect, 60 ng
renilla TK plasmid, and 60 μl DMEM (without FBS). After complexing for 10 minutes, 200
μl 10% FBS DMEM was added. The transfection media was plated in triplicates, and 48 hrs
later the media was removed, cells were lysed in 100 μl of passive lysis buffer for 40 minutes,
and 20 μl of lysate was plated in the 96-well opaque plate and analyzed in the luminometer.
The resulting luciferase/renilla ratios were normalized to pGL3 basic to obtain the fold increase.
For the dominant negative NFkB experiment, the same protocol as mentioned above was used,
except the transfection mixture contained also 1 μg of the pcDNAIkBα.

AP2α site mutagenesis
The upstream (−1419bp) and downstream (−311bp) AP2α binding sites in a pGL3 basic
construct containing −1618bp to +14bp of upstream C/EBPα sequence were mutagenized using
the standard QuickChange®II (Stratagene) protocol with the following oligos: Upstream-
AP2SDM.F GCCTTGCCAGAACTAAGGCCACTG and AP2SDM.R
CAGTGGCCTTAGTTCTGGCAAGGC, Downstream-AP2SDMctrl.F
GATACGGGCAACTAGGGCAGG and AP2SDMctrl.R
CCTGCCCTAGTTGCCCGTATCC. The putative AP2α binding sites are underlined and the
nucleotide changes are double underlined and in bold. All changes were confirmed by
sequencing.

Statistical Analysis
The statistical significance of the results was calculated by unpaired Student’s t test, and
P<0.05 was considered to be statistically significant.

Results
C/EBPα promoter activity is greatest −1256 bp upstream of the transcriptional start site

Previous work demonstrated aberrant DNA methylation in the upstream regulatory region
(−1399 to −1146 bp) of C/EBPα in HNSCC (7). To investigate whether the upstream
methylation seen in HNSCC coincides with gene regulatory regions in HNSCC, we performed
luciferase promoter assays using HaCat (normal keratinocytes) and SCC22B cell lines. These
assays revealed that the sequence spanning from either −1013 to +4 bp (HaCat) or from −1256
to +4 bp (SCC22B) had the strongest promoter activity. Consistent with previous reports in
lung cancer cells (13), the sequence between −1423 and −1256 bp appears to contain a
suppressor sequence (Figure 1a). The sequence between −1253 bp and −1146 bp in SCC22B
was found to exhibit both high promoter activity and methylation in HNSCC.

Previous studies in lung cancer cell lines indicated SP1 and USF1 binding in this region and
activation of C/EBPα (13,16). We used ChIP analysis to investigate whether or not these
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proteins play a role in HNSCC cells. A significant increase of USF1 and USF2 bound DNA
from the upstream C/EBPα sequence compared to the no-antibody control (P < 0.002)
(Supplemental Figure 1a), indicating that SP1 and USF1 sites are required for C/EBPα
activation.

The importance of USF and SP1 binding sites was further validated by promoter analysis with
C/EBPα promoter constructs containing USF and SP1 binding site mutations. The promoter
analysis revealed that mutating the downstream USF1 binding site (−894 bp) did not decrease
promoter activity (Supplemental Figure 1b), but mutating the 2 upstream USF1 binding sites
(−1201 and −1001 bp) significantly decreased C/EBPα promoter activity (P = 0.004 and 0.010,
respectively) compared to the control −1256 bp construct (Supplemental Figure 1b). It is
important to note that the most upstream USF binding site (−1201 bp) is within the methylated
region in this HNSCC cell line. The construct that contained mutations in the SP1 binding sites
also revealed a significant reduction in promoter activity (P = 0.003) (Supplemental Figure
1b). Therefore, it appears that upstream USF1 and SP1 binding is required for enhanced
promoter activity.

Computational analysis also predicted NFκB and cRel binding sites in this region, and ChIP
analysis revealed they both bind to their predicted binding sites within the upstream C/EBPα
sequence (Supplemental Figure 2a). Therefore, we next tested whether cRel and NFκB could
affect C/EBPα transcription. We analyzed changes in C/EBPα promoter activity in the HNSCC
cell line SCC22B and normal keratinocytes when introducing a construct that overexpresses a
dominant negative form to cRel and NFκB (14). An increase in promoter activity would suggest
suppressor activity of cRel and NFκB (binding sites shown in Supplemental Figure 2b). This
experiment showed that there was a significant increase in promoter activity in normal
keratinocytes with the −1423 and −1618 promoter constructs (p= 0.051 and 0.010,
respectively), but no increase in activity in the SCC22B cell line (Supplemental Figure 2c).
Therefore, NFκB and cRel do not appear to affect C/EBPα promoter activity in HNSCC.

MBD2/3 binding and histone H3Lys9 methylation are relieved by upstream demethylation of
C/EBPα, replaced by histone H3 Lys9 acetylation

Methylation is capable of recruiting repressive complexes that can inhibit subsequent binding
and activation by transcription factors (17,18). Therefore, it was investigated whether the
upstream methylation seen in HNSCC patient samples and HNSCC cell lines may recruit
proteins to C/EBPα’s upstream sequence. Bisulfite sequencing analysis revealed that SCC22B,
a HNSCC cell line, is methylated between −1423 bp and −1146 bp (data not shown). The
presence of methyl binding domain proteins (MBDs) and dimethyl H3K9 was investigated,
because MBDs can be recruited to methylated CpG dinucleotides (17), and the dimethyl H3K9
histone tail modification can coincide with DNA methylation and silenced transcription (19).
HNSCC cells were treated with 5-aza-2′-deoxycytidine to investigate whether demethylation
was able to relieve MBD binding, decrease histone H3K9 methylation, and increase histone
H3K9 acetylation (which correlates with active transcription and the lack of methylation)
(19). ChIP analysis was performed using MBD2/3, dimethyl H3K9, and acetyl H3K9
antibodies on SCC22B cells with and without 5-aza-2′deoxycytidine. Quantitative PCR
revealed HNSCC cells treated with 5-aza-2′-deoxycytidine showed 5-fold decrease in MBD
binding, a 2-fold decrease in dimethyl H3K9, and a >4-fold increase in acetyl H3K9 pulldown
of the C/EBPα promoter compared to the untreated SCC22B cells (P = 0.0002, 3 × 10−6, and
0.0003 respectively) (Figure 1b). This emphasizes the importance of DNA methylation in
preparing the region for silencing by recruiting MBDs and allowing changes in histone
modifications (i.e. replacement of acetyl H3K9 with dimethyl H3K9).
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AP2α binds in the upstream promoter and suppresses C/EBPα promoter activity
In order to investigate whether the sequence between −1256 bp and −1423 bp contains true
suppressor effects, the 167 bp fragment was cloned in front of a strong promoter, E2F3a, and
subjected to a luciferase promoter assay in an HNSCC cell line, SCC22B. This analysis
revealed that the “suppressor” fragment decreased E2F3a promoter activity by approximately
50% (Figure 1c).

The suppressor sequence was dissected in order to further define the region providing
transcriptional suppression. Two suppressor constructs were created: “Sup1” contained the
first portion (−1423bp to −1357bp), and “Sup2” contained the latter portion of the suppressor
sequence (−1357bp to −1258bp)(Figure 2a). Promoter analysis of these 2 sequences revealed
suppression was maintained with either truncated portion of the suppressor sequence (Figure
2a). The “suppressor sequence” was analyzed for any similarities between the former and the
latter halves. This revealed an AP2α site that was contained within both “Sup1” and
“Sup2” (Figure 2a). Therefore, an additional construct was formed that contained a large
portion of the suppressor sequence but lacked the AP2α sites (“No Sup”). Promoter analysis
revealed that the “No Sup” was relieved of its ability to suppress E2F3a promoter activity
(Figure 2a). Furthermore, mutagenesis of the upstream AP2α site contained within “Sup1”
revealed a significant increase in C/EBPα promoter activity in SCC22B and SCC11B compared
to the WT C/EBPα promoter sequence (Figure 3a). However, mutagenesis of a downstream
AP2α site (−311bp) that does not suppress C/EBPα promoter activity in HNSCC did not
increase C/EBPα promoter activity in SCC22B or SCC11B (Figure 3a).

AP2α has previously been shown to suppress C/EBPα promoter activity in adipocytes by
binding close to the transcription start site (−311 bp)(16) and blocking SP1 binding. To
investigate whether AP2α transcriptional suppression in HNSCC is by inhibiting adjacent SP1
binding to the upstream C/EBPα sequence, AP2α was downregulated in a HNSCC cell line
SCC22B (Figure 2b). ChIP analysis was performed using AP2α and SP1 antibodies in these
SCC22B cells with and without AP2α shRNA. Quantitative PCR using primers surrounding
the AP2α binding sites (−1423 to −1243 bp) revealed a significant ~8 fold increase in SP1
promoter pulldown after AP2α silencing (P = 0.0451) (Figure 2c).

Furthermore, AP2α downregulation resulted in an increase in C/EBPα mRNA and
p42C/EBPα protein expression as determined by RT-PCR and western blot analysis, respectively
(Figure 2b and Supplemental Figure 3c). Also, the promoter activity of the −1423 bp C/
EBPα promoter construct (which contains the 2 upstream AP2α sites) was significantly
increased upon AP2α downregulation (Figure 2d). These data further validate that AP2α acts
as a suppressor for C/EBPα by inhibiting SP1 binding. Interestingly, AP2α silencing not only
increased C/EBPα expression, but also it changed the 42kDa:30kDa C/EBPα isoform ratio
(Figure 2b) a result that may point to two different promoters driving the expression of either
the p30 or p40 isoform.

AP2α binding to the promoters of retinoicacid responsive genes has previously been shown to
initiate transcriptional silencing and recruit HDACs (20). Therefore, AP2α binding to the
upstream C/EBPα sequence may initiate its transcriptional silencing and recruit DNA
methyltransferase activity. In this manner, eliminating AP2α binding and C/EBPα
downregulation via stable shRNA silencing may relieve upstream C/EBPα methylation.
Bisulfite sequencing analysis was performed on SCC22B with and without AP2α
downregulation via shRNA. This revealed a substantial decrease in methylation upon AP2α
downregulation (Figure 3b), which correlates with increased C/EBPα protein expression
(Figure 2b). This suggests that AP2α binding to the upstream C/EBPα sequence may preceed
and facilitate methylation.
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Because AP2α is involved in methylation and suppression of C/EBPα (which is commonly
downregulated by methylation in HNSCC), AP2α overexpression in HNSCC was investigated.
Quantitative RT-PCR on HNSCC patient tumor and normal samples revealed AP2α mRNA
overexpression in ~70% of the samples (Supplemental Figure 3a). Furthermore, western blot
analysis of several HNSCC cell lines revealed an inverse correlation between endogenous
AP2α expression and full-length C/EBPα expression. Expression of the anti-mitotic
p42kDaC/EBPα isoform was only evident in the absence of AP2α expression. In contrast,
abundant expression of the dominant negative (p30kDaC/EBPα) correlated with the presence of
AP2α expression (Supplemental Figure 3b).

p42C/EBPα silencing in HNSCC restores high proliferative growth rate of the cells
C/EBPα mRNA is translated into two alternative isoforms, p42C/EBPα and p30C/EBPα. This is
due to alternative translation initiation at the third in-frame AUG via leaky ribosomal scanning
(3). This creates a smaller 30kDa protein that lacks part of the transactivation domain.
Therefore, p30C/EBPα has been characterized as a transcriptional activator that lacks antimitotic
activity (21). However, the full length 42kDa C/EBPα protein has been shown to exhibit anti-
proliferative activity in different cell types such as hepatocytes and adipocytes (22,23).
Therefore, it is not surprising that most of the HNSCC cells (with the exception of SCC8) do
not normally express the anti-mitotic 42 kDa isoform (Figure 2b). However, it was interesting
that removing the AP2α suppressor in these cells caused an abundant increase in the proportion
of the anti-proliferative 42kDa isoform (Figure 2b).

Previously, C/EBPα overexpression in a HNSCC cell line revealed a significant decrease in
cell proliferation (7). The growth rate of these overexpressing cells in the presence or absence
of stable C/EBPα downregulation was compared to find whether stable silencing would be
capable of restoring the normal proliferation rate of the SCC22B cells. Using a retroviral vector
containing a hairpin sequence targeting C/EBPα, p42C/EBPα was downregulated by ~75%
(according to semi-quantitation by Image Quant) in C/EBPα overexpressing SCC22B cells
(Figure 4a). Changes in proliferation were analyzed by growth curve analysis, which revealed
that silencing the overexpressed p42C/EBPα restored the proliferation rate back to the normal
SCC22B growth rate (Figure 4b).

Silencing p30C/EBPα in HNSCC decreases the proliferation rate of the cells
Next, transient silencing was performed using a double-stranded RNA oligo. In contrast to the
stable silencing experiment, now only the p30C/EBPαwas transiently silenced (Figure 4c). When
the cells were counted 72 hrs post-transfection, the cells that contained the 30 nM siRNA had
a 40% decrease in cell growth compared to the mock-transfected negative control (Figure 4d).
Silencing p30C/EBPα in SCC22B apparently relieves the binding competition with p42C/EBPα

for C/EBPα binding sites and increases the ability of C/EBPα to provide differentiation and
decreased cell proliferation (1). These data suggest that AP2α may be required to foster the
tumorigenic potential of HNSCC cells by specifically targeting the anti-mitotic 42kDa isoform.

p30C/EBPα overexpression causes increased cell proliferation in HNSCC
Previously, overexpressed p42C/EBPα in SCC22B revealed decreased cell proliferation and
increased differentiation (7). In order to further validate the specificity of p42C/EBPα’s
antiproliferative effect, p30C/EBPα was stably overexpressed in SCC22B (Figure 4e).
Interestingly, not only did p30C/EBPα overexpression fail to provide the tumor suppressive
qualities of p42C/EBPα overexpression, but also it actually provided ~2.5-fold increase in cell
proliferation (P = 0.0007) (Figure 4f).

Bennett et al. Page 8

Int J Cancer. Author manuscript; available in PMC 2010 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
C/EBPα is a transcription factor involved in cellular differentiation and cell cycle control,
making it a good tumor suppressor candidate (1). In fact, it has already been shown that C/
EBPα has tumor suppressor ability in lung cancer and AML (4,5). Recently, it was shown for
the first time that C/EBPα also exhibits tumor suppressor activity in HNSCC. Furthermore, it
is epigenetically downregulated by upstream methylation (7). This study suggests that AP2α
interferes with SP1 binding, resulting in decreased C/EBPα transcription, and ultimately
upstream methylation. The consequent DNA methylation recruits MBD proteins and allows
repressive histone modifications. In this way, AP2α initiates C/EBPα downregulation, which
is then followed by stable silencing via DNA methylation and chromatin compaction.
Furthermore, AP2α silencing effect appears to be specific for the anti-proliferative full length
C/EBPα isoform. This may be due to alternate promoter usage for alternative transcription
which has yet to be defined.

Overexpression of p30C/EBPα and p42C/EBPα in adipocytes has been shown to provide very
different proliferation outcomes (24). Furthermore, mutations in AML have been shown to
cause upregulation of p30C/EBPα and revealed its ability to function as a dominant negative
(21). Both isoforms can bind to C/CAAT binding sites within promoter sequences, but only
p42C/EBPα is capable of providing differentiation and decreased cell proliferation (24). In this
manner, p30C/EBPα opposes the p42C/EBPα, because it competes for binding to targets and lacks
the ability to function (21). Therefore, it is not surprising that p42C/EBPα and p30C/EBPα also
revealed different proliferative properties in HNSCC, similar to adipocytes (24).

C/EBPα is involved in a variety of physiological processes (i.e. cell cycle control,
differentiation, metabolism, and inflammation) (1). Alternative translation of C/EBPα mRNA
in order to create different isoforms with different domains would accommodate the genetic
diversity required for such a multi-functional protein (25). It has been found that the alternative
isoforms of both C/EBPα and C/EBPB fluctuate during aging and LPS response (3). For C/
EBPα the 42 kDa isoform decreases over time, whereas the amount of 30 kDa isoform remains
constant (3). Interestingly, the isoform ratios during LPS response in a young liver mimic the
patterns seen in effect to aging (3). Also, previous experiments revealed that p42C/EBPα levels
in aged livers were further diminished upon inflammatory insult, suggesting that both age and
LPS response can somehow force the scanning ribosome to bypass the first translation start
site (3).

p30C/EBPα has been found to be upregulated and act as a dominant negative in AML, relieving
the block on cell cycle progression (21). p42C/EBPα has been found to provide tumor suppressor
qualities in several cancer types including lung cancer, AML, and more recently HNSCC
(13,26). It is reasonable to propose that carcinogenesis, like aging and inflammation, may also
augment the normal C/EBPα isoform ratios and increase translation from the downstream start
site. On the other hand, the data could point to the existence of to alternatively transcribed C/
EBPα isoforms in HNSCC, under the control of distinct promoters. In this context of alternate
promoter usage, AP2α binding and suppression could specifically affect transcription of the
42 kDa isoform. Therefore, further investigation is necessary to decipher how AP2α
specifically suppresses the 42 kDa isoform of C/EBPα. Regardless of the mechanism, the
resulting increased p30C/EBPα and decreased p42C/EBPα levels provide for increased cell
proliferation, which ultimately propagate tumorigenesis. In the case of HNSCC, the suppressor
AP2α appears to be involved in this change in C/EBPα isoform ratios.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. C/EBPα methylation and promoter analyses in cell lines
a. C/EBPα promoter assay in HaCat, an immortalized keratinocyte cell line, and SCC22B,
a HNSCC cell line. Diagram is drawn to scale and depicts C/EBPα and its upstream sequence.
CpG sites’ methylation status is shown by open (unmethylated) and closed (methylated) circles.
Constructs contained different lengths of the C/EBPα upstream promoter in front of the
luciferase gene in pGL3 basic. Promoter activity (plotted on the x-axis) is measured as the fold
increase in the luciferase/renilla ratio in respect to the negative control (pGL3 vector only).
The −1423bp construct provided a significant decrease in promoter activity, * P = 0.0028.
b. Quantitative ChIP PCR on HNSCC cells to detect pulldown from MBD and histone
dimethylation before and after 5-aza-dC treatment. Diagram depicts C/EBPα and its
upstream sequence. CpG sites’ methylation status is shown by open (unmethylated) and closed
(methylated) circles. The dashed line represents the region analyzed for promoter pulldown in
the ChIP assay. C/EBPα promoter pulldown enrichment (in SCC22B cells before and after 5-
aza-2′-deoxycitidine treatment) by MBD2/3, dimethyl H3K9, or acetyl H3K9 antibodies was
normalized to the negative (no antibody) control. * P = 0.0003; ** P = 0.0002; *** P = 3 ×
10−6.
c. C/EBPα suppressor promoter assay in SCC22B cells. Diagram depicts the “C/EBPα
suppressor sequence” (−1423bp to −1256bp) cloned in front of 2kb upstream E2F3a sequence.
Promoter activity (plotted on the x-axis) is measured as the fold increase in luciferase/renilla
ratio in respect to the negative control (pGL3 basic vector only). The suppressor construct
contained −1423bp to −1256bp of upstream C/EBPα sequence cloned into pGL3 basic; the
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E2F3a/suppressor construct contained −1423bp to −1256bp of upstream C/EBPα sequence
cloned in front of a strong E2F3a promoter sequence within pGL3 basic.
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Figure 2. AP2α suppresses C/EBPα promoter activity
a. Effect of different parts of the C/EBPα suppressor sequence on E2F3a promoter
activity. Diagram of the suppressor constructs and location of the AP2α binding sites. The
different suppressor parts were cloned in front of the E2F3a promoter sequence in pGL3 basic.
The luciferase values were normalized to the E2F3a promoter construct. The “Sup 1” and “Sup
2” constructs provided significantly less promoter activity than the “No Sup” and WT promoter
constructs, * P = 0.0043 and 0.0048, respectively.
b. AP2α stable silencing and C/EBPα upregulation in SCC22B cell line. A short hairpin
sequence targeting AP2α was cloned into pRS stable silencing vector. The western blot
contains 300,000 untransfected SCC22B cells and 300,000 SCC22B cells transfected with the
AP2α shRNA. The blot was probed with AP2α antibody,α-tubulin (internal control), and C/
EBPα. Also, cDNA was prepared from RNA isolated from the respective cells. Quantitative
RT-PCR data is shown for normalized AP2α and C/EBPα expression in SCC22B cells with
and without AP2α shRNA. P = 0.0201 and 0.0121, respectively.
c. SP1 binding is inhibited by AP2α binding to the upstream C/EBPα sequence.
Quantitative RT-PCR on C/EBPα promoter pulldown (−1423 to −1243 bp) with AP2α and
SP1 antibodies in SCC22B cells before and after AP2α silencing. C/EBPαpromoter pulldown
enrichment was normalized to the negative (no antibody) control. * P = 0.0451.
d. C/EBPα promoter activity before and after AP2α silencing. The promoter assay was
performed in SCC22B cells (“+AP2α”) and SCC22B cells with downregulated AP2α
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(“−AP2α”). The promoter constructs contained −1423 bp of upstream C/EBPα sequence. Fold
increase in luciferase activity was normalized to the negative control in each cell lysate (empty
pGL3 basic). Promoter activity was significantly increased in the cell lysates with decreased
AP2α expression. * P = 0.0237.
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Figure 3. AP2α site mutagenesis or protein downregulation increases C/EBPα promoter activity
and decreases upstream methylation, respectively
a. AP2α site mutagenesis increases C/EBPα promoter activity. The graph displays the
relative fold increase in luciferase activity with the C/EBPα promoter constructs containing
the mutation in the upstream AP2α site (−1419 bp; “UP Mt”) compared to the WT promoter
(“WT”; which is set as 1) in both SCC11B and 22B. The previously identified downstream
AP2α site (−311bp; “DN Mt”) which does not suppress C/EBPα promoter activity in HNSCC
was mutated as a control, and it showed no increase in promoter activity compared to “WT”.
* P = 0.032; ** P = 0.031. Black bars = SCC11B; Gray bars = SCC22B.
b. AP2α downregulation provides decreased upstream C/EBPα methylation. Diagram
depicts C/EBPα and its upstream sequence. CpG sites’ methylation status is shown by open
(unmethylated) and closed (methylated) circles. The dashed line represents the region analyzed
by bisulfite sequencing (−1423bp to −1121bp). Bisulfite sequencing analysis was performed
on SCC22B cells before and after AP2α stable shRNA silencing. The region tested for
methylation via bisulfite sequencing spans from −1423 bp to −1121 bp. Bisulfite sequencing
was performed by comparing the sequences with 100% and 0% methylated DNA sequence
(i.e. CG or TG at CpG sites, respectively). Open circles represent unmethylated CpGs, and
closed circles represent methylated CpGs. Each row represents an individual clone. Percentage
methylation is shown for the two cell types.
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Figure 4. C/EBPα silencing and p30 C/EBPα-overexpression in SCC22B cells
a. Confirmation of C/EBPα silencing in C/EBPα-overexpressing SCC22B cells. Western
blot showing C/EBPα-overexpressing SCC22B cells before and after stable C/EBPα silencing.
150,000 cells were loaded in each lane. The blot was first probed with C/EBPα followed by
α-tubulin to confirm equal loading. Semi-quantitation was performed using Image Quant
computer software, which provided that 75% downregulation of the 42 kDa isoform was
attained.
b. Growth curve analysis of C/EBPα-overexpressing SCC22B cells after stable C/EBPα
silencing. 10,000 cells (SCC22B; SCC22B + pBABE only; SCC22B C/EBPα-overexpressing
cells; and SCC22B C/EBPα-overexpressing + C/EBPα shRNA) were plated in triplicates in a
6 well plate. Cells were permitted to grow three days after plating before taking the first count
(Day 1). Growth was assessed by counting the cells every 24 hrs for 4 days. For each count,
500 μl of trypsin was added to each well for 3 min, after which the cells were suspended in 2
mls of PBS, and 500 μl was counted using a Coulter counter. ** P = 0.0002.
c. Confirmation of 30kDa C/EBPα silencing in C/EBPα-overexpressing SCC22B cells.
Western blot showing C/EBPα-overexpressing SCC22B cells with and without 30 nM siRNA.
150,000 cells were loaded in each lane. The blot was first probed with C/EBPα followed by
α-tubulin to confirm equal loading.
d. Cell count of C/EBPα-overexpressing SCC22B cells after transient 30kDa C/EBPα
silencing. Cells were collected and counted 72 hrs after transfection using a Coulter counter.
** p < .0007.
e. Confirmation of p30C/EBPα overexpression in SCC22B cells. Western blot showing
SCC22B cells with or without pBABE-p30C/EBPα. 150,000 cells were loaded in each lane. The
blot was first probed with C/EBPα followed by α-tubulin to confirm equal loading.
f. Growth curve analysis of p30C/EBPα overexpressing SCC22B cells. 5,000 cells (SCC22B
+ pBABE and SCC22B + p30C/EBPα) were plated in triplicates in a 6 well plate. Growth was
assessed by counting the cells every 24 hrs for 4 days. For each count, 500 μl of trypsin was
added to each well for 3 min, after which the cells were suspended in 2 ml of PBS, and 500
μl was counted using a Coulter counter. * p-value < 0.0007.
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