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Abstract
The aryl hydrocarbon receptor (AhR) is a ligand-sensitive transcription factor which is responsible
for most 2,3,7,8-tetrachlorodibenzo-p-dioxin toxicities. Without ligand, the AhR complex is
cytoplasmic and contains p23. Our objective was to investigate whether the wild type p23 levels
are important for the AhR function. We generated eight p23-specific knockdown stable cell lines
via either electroporation or lentiviral infection. Five of these stable cell lines were generated from
a mouse hepatoma cell line (Hepa1c1c7) and three were from human hepatoma and cervical cell
lines (Hep3B and HeLa). All of them expressed lower AhR protein levels, leading to reduced
ligand-induced, DRE-driven downstream activity. The AhR protein levels in p23-specific
knockdown stable cells were reversed back to wild type levels after exogenous p23 was
introduced. Reduction of the AhR protein levels in these stable cells was caused by a decrease in
the AhR message levels and an increase of the AhR protein degradation in the absence of ligand.
This ligand-independent degradation of AhR was insensitive to MG132, suggesting that the 26S
proteasome was not responsible for the degradation. In addition, MG132 could not protect AhR
from the ligand-induced degradation in both mouse and human p23-knockdown stable cells.
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1. Introduction
p23 was first discovered in the unactivated avian progesterone receptor complex [1] and the
human homolog was subsequently cloned and characterized [2]. The p23 protein has been
found in most mouse tissues, namely liver, kidney, lung, thymus, ovary, spleen, and stomach
[3]. It is now known that p23 is present in many Hsp90 chaperone complexes. Results from
immunoadsorption studies showed that p23 is involved in the in vitro assembly of many
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active complexes containing progesterone receptor [4, 5], glucocorticoid receptor [6], and
telomerase [7]. Interestingly, p23 plays a role in disassembling some nuclear receptor/
enhancer complexes [8] and synthesizing prostaglandin E2 [9].

The aryl hydrocarbon receptor (AhR) is a xenobiotic-sensitive transcription factor which is
responsible for most dioxin toxicities [10]. The unliganded AhR resides in the cytoplasm as
a complex containing a dimer of Hsp90, one molecule of p23, and one molecule of XAP2
(aka ARA9 and AIP) [11–13]. Once the liganded AhR complex is in the nucleus, the AhR
nuclear translocator (Arnt) causes the dissociation of the AhR complex and heterodimerizes
with AhR [14]. Recently researchers have been interested in the role of AhR in immune
response [15, 16] and cancer [17–20]. With regard to the AhR signaling pathway, the ligand-
dependent dissociation of Hsp90 from AhR requires p23, suggesting that p23 is important
for the ligand responsiveness of AhR [14]. Binding of p23 with the AhR/Hsp90 complex is
essential for the ligand-dependent nuclear import of AhR [21]. Interestingly, p23 appears to
confer the ligand-dependent formation of the AhR/Arnt/DRE complex using Hepa-1 C4
cytosol and the rabbit reticulocyte lysate-expressed Arnt [14], consistent with the ligand
responsive role of p23 for the receptor. In addition, formation of the stable complex of
Hsp90 and p23 is essential for the XAP2-mediated cytoplasmic retention of AhR [22]. The
involvement of p23 in the AhR signaling has also been implicated in a yeast system by
deletion studies [23]; p23 appears to stabilize the AhR complex by inhibiting the Hsp90
ATPase activity in yeast [24]. Our gel shift data showed that p23 promotes the formation of
the AhR/Arnt/DRE complex in vitro using baculovirus expressed human AhR and Arnt
proteins [25]. Contrary to a body of evidence suggesting that p23 is involved in the AhR
signaling pathway, p23 may not be necessary for the AhR function in vivo [26]. Here we
provide evidence supporting that p23 controls the AhR levels in human and mouse cell lines
and the wild type cellular levels of p23 are important for AhR function. In addition, our data
have revealed a distinct mechanism for AhR degradation: this degradation likely involves an
unidentified p23-controlled, labile protease which degrades AhR via a non-proteasome-
mediated mechanism.

2. Material and methods
2.1. Reagents

3-methylcholanthrene, benzo[a]pyrene, actinomycin-D, and cell culture media were
purchased from Sigma (St. Louis, MO). Cycloheximide was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). MG132 was purchased from Cayman Chemical (Ann
Arbor, MI). Cell culture reagents, if not specified, were purchased from Invitrogen
(Carlsbad, CA). All other chemicals, if not specified, were purchased from Sigma (St. Louis,
MO) or Fisher Scientific (Pittsburgh, PA). Oligonucleotides were purchased from Invitrogen
(Carlsbad, CA). Fetal bovine serum was purchased from Tissue Culture Biologicals (Tulare,
CA) or Thermo Scientific (Rockford, IL). Hepa1c1c7, Hep3B, HeLa, and the stable cells
generated from these cell lines were grown in DMEM supplemented with 10% fetal bovine
serum, 2mM GlutaMAX-I, 10 U/ml of penicllin, and 10 μg/ml of streptomycin. All cells
were maintained at 37 °C and 5% CO2. Anti-AhR polyclonal goat IgG (N-19), anti-Arnt
polyclonal rabbit IgG (H-172), anti-CYP1A1 monoclonal mouse IgG (B-4), anti-lamin A/C
polyclonal goat IgG were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Anti-AhR SA210 polyclonal rabbit IgG was purchased from Enzo Life Sciences
(Farmingdale, NY). Anti-p23 monoclonal mouse IgG MA3-414 was purchased from
Affinity Bioreagents (Golden, CO). Anti-GAPDH rabbit polyclonal IgG G9545 was
purchased from Sigma (St. Louis, MO). Anti-β-actin monoclonal mouse IgG was purchased
from Ambion (Austin, TX). All secondary IgGs conjugated with IRDye 800CW or 680 were
purchased from LI-COR Bioscience (Lincoln, NE). p23-specific SureSilencing shRNA
plasmids (clones 1–4, NM_019766) were purchased from SA Biosciences (Frederick, MD).
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pLKO.1 p23-specific shRNA plasmid set (clones 1–5, NM_006601) were purchased from
Thermo Scientific (Rockford, IL). psPAX, pMD2.g, and pLKO.1 shRNA scramble plasmids
for lentivirus generation were purchased from Addgene (Cambridge, MA).

2.2. Generation of p23-specific knockdown Hepa1c1c7 stable cells via electroporation
SureSilencing shRNA plasmids (#1–4) were used to generate knockdown stable cells.
Electroporation using a BTX ECM830 electroporator (Harvard Apparatus, Holliston, MA)
was performed to introduce a shRNA plasmid (20 μg) into Hepa1c1c7 cells (4 × 106 cells)
using the following setting: 400 μl, LV Mode, 180V, 70 ms, one pulse. After a 5-min
incubation before and after electroporation, cells (5 μl) were diluted in fresh medium (1 ml)
and seeded into individual wells of a 12-well plate. Drug selection using puromycin (Sigma,
St. Louis, MO, 5 μg/ml) was initiated on the third day. Cells were fed with the complete
media containing puromycin every three days and eventually reached confluence in a 75-
cm2 flask after 6–8 weeks.

2.3. Generation of p23-specific knockdown Hep3B and HeLa stable cells using lentiviruses
Lentiviruses containing either a p23-specific or nonspecific shRNA were prepared as
follows: AD-293 cells (Agilent Technologies, Santa Clara, CA, 4×105) in 1ml of growth
media (10% fetal bovine serum, 2mM GlutaMAX-I, 100 units/ml of penicillin, and 0.1 mg/
ml of streptomycin in DMEM) were seeded in individual wells of a 6-well plate. On the next
day, cells were transfected with X-tremeGENE 9 (Roche Applied Sciences, Indianapolis,
IN) containing various plasmids (1 μg of pLKO.1 shRNA or pLKO.1 p23-specific shRNA
#1–5, 759 ng of psPAX2, and 250 ng of pMD2.G) at a 3:1 liposome:DNA ratio. Fresh
media (3 ml) was exchanged 15 h after transfection. After 24 h, the media containing virus
was collected and another 3 ml of fresh media was added. After another 24 h, the media was
collected and combined with the previously collected media. The collected media was
filtered through a 0.45 μm syringe filter and the filtered media was used for infection. Stable
cells were then generated as follows: Hepa1c1c7, Hep3B or HeLa cells (3×105) in 1ml of
growth media in individual wells of a 6-well plate were infected with 200 μl of the filtered
media containing lentiviruses which expressed shRNA (p23 specific or nonspecific). After
48 h, the media was changed to 2 ml of fresh media containing 4 μg/ml of puromycin for
stable cell selection. Cells were subsequently passed and reached 100% confluence in a
75cm2 flask in 3–4 weeks. p23 knockdown stable Hepa1c1c7 cells were generated using
p23-specific shRNA #2 and #3; p23 knockdown stable Hep3B cells were generated using
p23-specific shRNA #3 and 4; p23 knockdown stable HeLa cells were generated using p23-
specific shRNA #3.

2.4. DRE-driven luciferase expression
Transient transfection was performed as described previously [27]. In brief, cells (5×104)
were seeded in individual wells of a 24-well plate. After 24 h, a plasmid:FuGene HD
complex (450 ng/0.9 μl) was added to each well. Eighteen hours after transfection, cells
were exposed to 0.1% DMSO with or without 1 μM 3-methylcholanthrene for 6 h, followed
by the luciferase assay using the Dual-light galacton-plus reagents (Invitrogen, Carlsbad,
CA). The luciferase activities were normalized by internal β-galactosidase activities.

2.5. EROD assay
Hepa1c1c7, Hep3B or HeLa cells (2×105) were seeded in individual wells of a 12-well
plate. On the next day, the medium was changed to 0.5 ml of fresh medium containing
DMSO or 1 μM 3-methylcholanthrene. For HeLa cells, the medium also contained 10 mM
sodium butyrate during induction since sodium butyrate restores the ligand-dependent
induction of the CYP1A1 message levels in HeLa cells which express higher levels of
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AhRR [28]. After 6 h for Hepa1c1c7 and Hep3B cells or 16 h for HeLa cells, the cells were
washed once with 0.5 ml of fresh media, followed by incubation with 0.5 ml of fresh media
containing 5 μM resorufin ethyl ether (Sigma, St. Louis, MO) and 10 μM dicumarol
(Sigma, St. Louis, MO). After 30 min, 200 μl of the media was transferred from each well
into a 96-well plate and the fluorescence was measured using a Berthold Tri-Star LB941
plate reader (excitation at 544nm and emission at 590nm). Cell lysis was performed by
adding 150 μl of lysis buffer (100mM potassium phosphate, pH 7.8, 1% Triton X-100) into
each well, followed by platform rotation for 10 min at 4°C. Following centrifugation at
16,000g for about 10 min at 4 °C, the resulting supernatants were obtained and used for
protein content determination by BCA assay (Thermo Scientific, Rockford, IL). The
fluorescence values were normalized by the corresponding protein concentrations.

2.6. Quantitative Western analysis
Nitrocellulose membranes (0.22 μm, LI-COR Bioscience, Lincoln, NE) with transferred
proteins were blocked in 5% BSA (Santa Cruz Biotechnology, Santa Cruz, CA) in PBS
containing 0.1% Tween-20 for 1 h, followed by the primary antibody incubation in the same
blocking buffer overnight. Dilutions for antibodies were as follows: 1:200 for AhR (N-19),
p23, and Arnt; 1:2,000 for AhR (SA210); 1:100 for lamin A/C and CYP1A1; 1:10,000 for
β-actin and GAPDH. After (primary and secondary) antibody incubation, membranes were
washed for 5 min four times with PBS containing 0.1% Tween-20. Incubation of the donkey
secondary antibody conjugated with IRDye (1:10,000) was performed in PBS buffer
containing 5% BSA and 0.1% Tween-20 for 1 h. Anti-goat IgG and anti-rabbit IgG
conjugated with IRDye 800CW were used to detect AhR and Arnt; anti-mouse IgG
conjugated with IRDye 680 was used to detect p23, CYP1A1, and β-actin; anti-rabbit IgG
and anti-goat IgG conjugated with IRDye 680 were used to detect GAPDH and lamin A/C.
Membranes were scanned and quantified using an Odyssey infrared imaging system (LI-
COR Bioscience, Lincoln, NE).

2.7. Preparation of whole cell extract
Lysis buffer (25 mM HEPES, pH 7.4, 0.4 M KCl, 1 mM EDTA, 1 mM DTT, 10% glycerol,
1 mM PMSF, and 2 μg/ml of leupeptin) was used to harvest cells from a 75 cm2 flask (300
μl) or wells from a 6-well plate (50 μl/well). After three cycles of freeze/thaw, lysates were
kept on ice for 30 min and then centrifuged at 14,000g for 10 min at 4 °C. The supernatants
were defined as whole cell extract.

2.8. Preparation of nuclear and cytoplasmic extracts
Cells were grown in a 75 cm2 flask and treated with 3-methylcholanthrene (1 μM) or
DMSO for 1 h before nuclear and cytoplasmic extraction as follows: cells were resuspended
into 200 μl of the resuspension buffer (25 mM HEPES, pH 7.4, 5 mM KCl, 0.5 mM MgCl2,
1 mM DTT, 0.5% NP-40, 1 mM PMSF, and 2 μg/ml of leupeptin), followed by tumbling
rotation at 4 °C for 15 min. After centrifugation at 3,000g for 2 min at 4 °C, the supernatant
was defined as the cytoplasmic extract. The pellet was then resuspended into 100 μl of the
nuclear extraction buffer (25 mM HEPES, pH 7.4, 350 mM NaCl, 10% sucrose, 0.05%
NP-40, 1 mM DTT, 1 mM PMSF, and 2 μg/ml of leupeptin), followed by tumbling rotation
at 4 °C for 1 h. After centrifugation at 14,000g for 10 min at 4 °C, the supernatant was
defined as the nuclear extract. All extracts were stored at −80 °C and their protein contents
were determined by the BCA assay.

2.9. Real-time qPCR
To quantify the AhR message, we performed real-time qPCR using primers corresponding
to the mouse AhR. Primer sequences were obtained from the Primer Bank [29] (AhR:

Nguyen et al. Page 4

Biochem Pharmacol. Author manuscript; available in PMC 2013 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



forward, GCCCTTCCCGCAAGATGTTAT and reverse,
CAGGGGTGGACTTTAATGCAA). RNA extraction and cDNA synthesis were performed
as described previously [30]. Real-time qPCR was performed using the Bio-Rad SYBR
green supermix (Hercules, CA) on a Bio-Rad iCycler. PCR conditions (40 cycles) were as
follows: 90 °C for 10 sec and 60 °C (annealing and extension) for 1 min. SYBR Green
fluorescence readings were taken at 60 °C when the fluorescence intensity corresponded
solely to the PCR product of interest. Normalized fold increase of the endogenous transcript
was determined by the 2−ΔΔCT method [31] using β-actin (forward,
CCACACTGTGCCCATCTAGG and reverse, AGGATCTTCATGAGGTAGTCAGTCAG)
as the internal standard.

2.10. Gel shift assay
Cells were treated with 1 μM 3-methylcholanthrene or DMSO for 1 h before harvest. The
protocol for preparing nuclear extracts for the gel shift assay was different from Section 2.8
because this protocol was optimized for the native AhR gel shift complex formation.
Nuclear extracts were prepared as follows: cells from a 90% confluent 75 cm2 flask were
resuspended into 200 μl of the lysis buffer (25 mM HEPES, pH 7.4, 1 mM EDTA, 1 mM
DTT, 10% glycerol, 1 mM PMSF, and 2 μg/ml of leupeptin). After 3 cycles of freeze/thaw,
the lysates were centrifuged at 16,000g for 10 min at 4 °C. The pellets were resuspended
into 100 μl of lysis buffer containing 0.4 M KCl. After on ice for 30 min, the suspensions
were centrifuged at 14,000g for 10 min at 4 °C. Supernatants were immediately diluted with
lysis buffer to 0.1 M final concentration of KCl and were defined as nuclear extracts for gel
shift assay. For gel shift assays, nuclear extracts were normalized by either protein content
(5 μg) or the amount of AhR. Samples (adjusted with lysis buffer containing 0.1 M KCl to a
final volume of 13 μl) were incubated with poly-dIdC (EMD Millipore Chemicals,
Darmstadt, Germany, 3 μg in 1 μl) for 10 min at room temperature. After that, the annealed
DRE conjugated with IRDye 680 (0.5 pmol in 2 μl) was added (OL439, IRD680-
TCGAGTAGATCACGCAATGGGCCCAGC; OL440, IRD680-
TCGAGCTGGGCCCATTGCGTGATCTAC) (Integrated DNA Technologies, San Diego,
CA). After a 10-min incubation at room temperature, 10X orange loading dye (LI-COR,
Lincoln, NE) was added to each sample, followed by electrophoresis on a native 5%
acrylamide TBE gel at 185 volts for 2 h at 4 °C. The gel, which was still in the glass plates,
was analyzed directly using a LI-COR Odyssey infrared imaging system.

2.11. Chromatin immunoprecipitation assay
Cells (80–90% confluent on a 60 mm plate) were treated with either 1 μM 3-
methylcholanthrene or DMSO in FBS-free DMEM media for 1 h at 37 °C. After that, cells
were cross-linked with 1% formaldehyde in FBS-free DMEM for 10 min at room
temperature. Glycine (125 mM final concentration) was added to quench the reaction. After
washing the cells three times with cold PBS, the cell pellet was resuspended in the lysis
buffer (150 μl, 50 mM Tris, pH 8.1, 10 mM EDTA, and 1% SDS), followed by sonication in
a circulating ice water bath using a Misonix S4000 sonicator equipped with a cuphorn (40%
output, 10 sec on/15 sec off for 10 times). The sonicated cell lysate was centrifuged at
16,000g for 10 min at 4 °C. The resulting supernatant was diluted ten times into the dilution
buffer (20 mM Tris, pH 8.1, 2 mM EDTA, 1% Triton X-100, and 150 mM NaCl), ready as
the sample for chromatin co-immunoprecipitation assay. A sample aliquot (75 μl) was set
aside as the input. ChIP assay was performed according to published protocol [32] with
modification: each sample (1.5 ml) was pre-cleared with Dynabeads Protein G (Invitrogen,
Carlsbad, CA, 3 μl) containing sheared salmon sperm DNA (Invitrogen, Carlsbad, CA, 1
μg) and goat serum (Invitrogen, Carlsbad, CA, 2.5 μl) by rotating for 2 h at 4 °C. The pre-
cleared supernatant was transferred to a tube containing Dynabeads Protein G (10 μl) pre-
incubated with anti-AhR IgG (1.5 μg, SA210) for 1 h at 4 °C. After an overnight incubation
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at 4 °C, the pellet was obtained using a DynaMag-2 magnet (Invitrogen, Carlsbad, CA) and
then washed sequentially with buffer I (dilution buffer plus 0.1% SDS), buffer II (Buffer I
except 500 mM NaCl), buffer III (10 mM Tris, pH 8.1, 1 mM EDTA, 250 mM LiCl, 1%
NP40, and 1% deoxycholate), and finally two times with 10 mM Tris, pH 8, 1 mM EDTA.
Each wash involved a 10-min incubation at 4 °C. The washed pellet was resuspended into
the elution buffer (75 μl, 0.1 M NaHCO3 and 1% SDS). The resuspended sample (and also
the input) was heated at 65 °C for 7 h to reverse cross-linking. The resulting sample was
treated with RNase A (Invitrogen, Carlsbad, CA, 0.75 μl of 10 mg/ml) for 30 min at 37 °C,
followed by the protease treatment (0.225 μl of 50 mg/ml of proteinase K (Epicentre,
Madison, WI), 0.975 μl of 0.5 M EDTA, and 1.95 μl of 1 M Tris, pH 6.5) for 2 h at 45 °C.
DNA was then purified using a Promega Wizard SV gel clean-up kit. PCR was performed
using an DRE-specific primer set (forward primer: OL525, CACGCGAGACAGCAGGAG;
reverse primer: OL526, TTGTGAGTTGGGTAGCTGGG) and a Perkin Elmer GeneAmp
2400 cycler with the following protocol: 94 °C for 2 min, followed by 30 cycles of 94 °C for
30 sec, 56 °C for 30 sec, and 72 °C for 30 sec. PCR products were visualized and quantified
using a LI-COR Odyssey infrared imaging system after staining the DNA with SYTO 60
(Invitrogen, Carlsbad, CA).

2.12. Preparation of microsomes
To 90% confluent cells on a 10 cm plate, 7.5 ml of 0.1M sodium phosphate buffer, pH 7.4,
was used to resuspend the cells. The resuspended cells were sonicated for 30 sec twice, with
a 30 sec pause in between. The sonicated cells were centrifuged at 10,000g for 20 min 4 °C.
Supernatants were then centrifuged at 100,000g for 1 h at 4 °C. The pellets were
resuspended into 250 μl of cold microsome buffer (10 mM Tris, pH 7.4, 150 mM KCl, and
20% glycerol) to become microsomes.

2.13. Statistical analysis
We performed one-way (Fig. 1A–C, 5C, 6A left, 6D, and 7A) and two-way (Fig. 2A–C,
3D–E, 4B, 5A, B, E, and S3 in supplementary material) ANOVA followed by post hoc
Bonferroni’s multiple comparison test to determine the statistical significance. The slopes
(Fig. 6A–B) were analyzed using ANCOVA. All statistics were performed using the
GraphPad Prism 5 software. Statistical significance is indicated as follows: *p < 0.05; **p <
0.01; ***p < 0.001; ***p < 0.0001; †p > 0.05 (not significant). The n values indicate the
numbers of replicates in a particular experiment.

3. Results
3.1. p23 knockdown stable Hepa1c1c7 cells generated by electroporation contained 50%
or less of the wild type p23 levels

We used five p23-specific shRNAs targeting the mouse and human p23 gene (NM_019766,
NM_006601) to generate the p23 knockdown stable cell lines (Table I). Among the four
SureSilencing shRNA plasmids used in electroporation to generate stable cell lines, shRNA
#3 and #4 gave significant p23 knockdown at the protein level. We generated three clones of
p23 knockdown stable cells from three separate transfection experiments: p23kd1 and
p23kd2 cells were generated using shRNA #3 whereas shRNA #4 was used to generate
p23kd3 cells. All three knockdown stable cells contained 40–50% of the wild type (WT) p23
protein levels (Fig. 1A). A heterogeneous clone of the negative control knockdown stable
(NC) Hepa1c1c7 cells was generated using the control shRNA plasmid to see whether the
stable cell selection procedure would affect the p23 levels. We observed that the amount of
p23 between the WT and NC cells was essentially identical (Fig. 1A), suggesting that the
reduced amount of p23 observed in p23 knockdown stable cells was caused by the p23-
specific, shRNA-mediated mechanism.
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3.2. p23 knockdown stable Hepa1c1c7 cells contained less AhR and Arnt
We examined whether knockdown of p23 would alter the AhR and Arnt levels in
Hepa1c1c7 cells. The total AhR protein levels in whole cell extract were reduced in p23kd1,
p23kd2, and p23kd3 cells by about 40–50%, as compared to the controls (Fig. 1B). Similar
percent of reduction was observed when we used GAPDH instead of β-actin as the marker
for normalization (data not shown). Interestingly, the Arnt levels in whole cell extract were
also suppressed in all three p23 knockdown stable Hepa1c1c7 cells by about 40–50% (Fig.
S1 in supplementary material). To prove that the reduction of AhR and Arnt was caused by
reduction of the p23 content, we transiently transfected a plasmid expressing the V5 fusion
of p23 into two of our p23 knockdown stable cells and observed that the levels of AhR and
Arnt returned to the levels in wild type and NC cells (Fig. 1C). Further increase of the p23
levels in V5-p23 transfected WT and NC Hepa1c1c7 cells, however, did not change the
AhR and Arnt contents. Since p23kd1-3 cells were similar in p23 expression, most of the
subsequent experiments were performed using p23kd1 cells to further examine how
reduction of p23 would affect the AhR signaling.

3.3. 3-methylcholanthrene-dependent, DRE-driven luciferase expression was less in
p23kd1 cells

Since the AhR and Arnt contents were reduced in p23 knockdown stable Hepa1c1c7 cells
(p23kd1-3), we examined whether activation of gene transcription would be affected in
p23kd1 cells. Results from our transient transfection studies showed that only 22% of the 3-
methylcholanthrene-activated, DRE-driven luciferase activity of the WT and NC Hepa1c1c7
cells was observed in p23kd1 cells (Fig. 2A). We observed about 14-fold induction of the
luciferase activity by 1 μM 3-methylcholanthrene in both the WT and NC cells whereas
only 3-fold induction in p23kd1 cells. We also examined this transcriptional activity using
another AhR ligand (β-napthoflavone) and found similar extent of reduction of the
luciferase protein expression in p23kd1 cells (Fig. S2 in supplementary material),
confirming that activation of the AhR-dependent gene transcription in p23kd1 cells was
hampered. Expression of the luciferase protein was 12-, 10- and 3-fold induced by 10 μM β-
napthoflavone, respectively, in WT, NC, and p23kd1 Hepa1c1c7 cells and the amount of the
β-napthoflavone-activated luciferase protein expression in p23kd1 cells was only 12% of the
amount expressed in the two control cells. We measured the amount of the luciferase protein
by Western analysis rather than performing the luciferase assay because β-napthoflavone
inhibits the luciferase activity (our unpublished observation, [33]).

3.4. Benzo[a]pyrene-mediated CYP1A1 induction was less in p23kd1 cells
Next, we examine whether endogenous target gene induction would be compromised in
p23kd1 cells. We observed a 30-fold induction of the CYP1A1 protein production after
treatment with 10 μM benzo[a]pyrene for 12 h in both WT and NC Hepa1c1c7 cells;
however, only 10-fold induction was observed in p23kd1 cells (Fig. 2B). The amount of the
induced CYP1A1 protein in p23kd1 cells was about 30% of the induced controls. When we
measured the EROD activity corresponding to the CYP1A1 function in these cells, we
observed that the EROD activity was 14-fold induced after treatment with 1 μM 3-
methylcholanthrene for 6 h in both WT and NC Hepa1c1c7 cells whereas only about 3-fold
increase was observed in p23kd1 cells (Fig. 2C). About 20% of the WT 3-
methylcholanthrene-induced activity was observed in p23kd1 cells; this is consistent with
the reduced amount of the CYP1A1 protein induced by another AhR ligand
(benzo[a]pyrene) in p23kd1 cells.
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3.5. Knockdown of p23 in Hep1c1c7, Hep3B, and HeLa cells using lentiviruses showed
reduced AhR levels and EROD activity

In an effort to validate whether reduced p23 levels would lead to reduction of the AhR and
Arnt cellular contents, we examined the effect of p23 knockdown in other cell lines. We
were also concerned about the nonspecific effects caused by our electroporation method to
generate stable cell lines. Thus, we used lentiviruses to generate p23 knockdown stable cell
lines from Hepa1c1c7, Hep3B, and HeLa cells to address whether reduction of the cellular
AhR and Arnt levels are indeed p23-specific. All the p23 knockdown stable cells generated
from Hepa1c1c7, Hep3B, and HeLa cells via lentiviral infection showed reduced AhR levels
(Table I, Fig 3A–C) and reduced EROD activity (Fig. 3D–E and S3 in supplementary
material), strongly suggesting that wild type p23 levels is required to sustain the cellular
levels of AhR. However, we were not able to detect any significant reduction of the Arnt
levels in all the lentivirus-generated p23 knockdown stable cells. It appeared that reduction
of the Arnt protein levels was only observed in Hepa1c1c7 stable cells generated by
electroporation; therefore, the observed effect on Arnt might not be caused by compromised
p23 levels.

3.6. p23kd1 cells contained less nuclear AhR after ligand activation
Next, we performed a subcellular fractionation experiment to address whether knockdown
of p23 would reduce the nuclear AhR levels after ligand treatment. We used GAPDH and
lamin A/C as marker proteins to ensure the integrity of the cytoplasmic and nuclear
fractions. After treating the cells with 1 μM 3-methylcholanthrene for 1 h, we observed
nuclear localization of AhR in all Hepa1c1c7 cells (p23kd1, NC, and WT) by Western
analysis (Fig. 4A). Although the percent nuclear translocation of AhR in p23kd1 cells
appeared to be comparable to the two controls, the total amount of the nuclear AhR in
p23kd1 cells was about 40% of the controls (Fig. 4B, left). Realizing that the total AhR
levels in p23kd1 cells was about 50% of the WT levels, it appeared that reduction of the
nuclear AhR levels observed in p23kd1 cells was a direct result of the reduced amount of the
total AhR in p23kd1 cells, whereas 3-methylcholanthrene activated a similar extent of the
AhR nuclear entry in all three cell lines (p23kd1, NC, and WT). Although p23 did not
appear to translocate into nucleus upon 3-methylcholanthrene treatment, reduction of the
cellular p23 levels limited the amount of p23 in the nucleus (Fig. 4A and B, right).

3.7. Formation of the 3-methylcholanthrene-dependent AhR/Arnt/DRE gel shift complex
was less in p23kd1 cells

The nuclear extraction protocol used to obtain nuclear extracts for gel shift assays was
different from the subcellular fractionation experiment in order to optimize the native AhR
complex formation. Nonetheless, the p23kd1 nuclear extract contained significantly less p23
(Fig. 5A), similar to what we observed in the subcellular fractionation studies (Fig. 4A). In
addition, it contained significantly less AhR upon 3-methylcholanthrene treatment. The Arnt
levels in the p23kd1 nuclear extract were also reduced to about 35% of the control levels.
When we equalized the AhR levels of all 3-methylcholanthrene-treated nuclear extracts, we
observed that all the Arnt levels were similar but the p23 levels of the p23kd1 nuclear
extract remained low (60% of the controls) (Fig. 5B). We performed gel shift assays to
explore whether this reduced amount of the nuclear AhR would cause less AhR/Arnt/DRE
complex formation. When the 3-methylcholanthrene-treated nuclear extracts were
normalized by the protein content, 50% of the gel shift intensity of the WT and NC
Hepa1c1c7 cells was observed in p23kd1 cells (Fig. 5C). When the nuclear extracts were
normalized by the amount of AhR, the gel shift intensities were similar among all three 3-
methylcholanthrene-treated nuclear extracts, suggesting that less gel shift complex formed in
the p23kd1 nuclear extract was likely caused by a lower amount of AhR translocated into
the nucleus. We noticed that nonspecific bands in lane 6 were more pronounced because
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there were more proteins included in this sample in order to normalize the amount of AhR
for comparison. The specificity of the AhR/Arnt/DRE gel shift complex was confirmed by
the use of a 10-fold excess of DRE or mutated DRE; the AhR- and Arnt-specific antibodies,
but not the control IgGs, abolished the gel shift complex (Fig. 5D).

3.8. 3-methylcholanthrene-activated recruitment of AhR to the cyp1a1 promoter was less
in p23Kkd1 cells

Next, we examined whether knockdown of p23 would affect the AhR recruitment to the
DRE-containing promoter by 3-methylcholanthrene since less amounts of the nuclear AhR
was observed in p23kd1 cells after 3-methylcholanthrene treatment. One hour after 3-
methylcholanthrene treatment, AhR was recruited to the cyp1a1 promoter to a similar extent
in WT and NC cells. However, only 60% of the WT AhR amount was recruited to the
p23kd1 cyp1a1 promoter (Fig. 5E).

3.9. p23kd1 cells expressed less AhR messages
We examined whether reduction of the AhR protein levels in p23kd1 cells could be
explained by lower amounts of the AhR message expressed. Real-time qPCR data showed
that the AhR message was indeed less – about 50% of the WT and NC AhR levels (Fig. 6A
left). Next, we addressed whether the reduced amount of the AhR message observed in
p23kd1 cells could be caused by an increase of mRNA degradation. After treatment with
actinomycin-D to inhibit transcription, cells were harvested at different times to determine
the message stability. We observed that the AhR message was degraded at a similar rate in
all three Hepa1c1c7 cell lines (p23kd1, NC, and WT), suggesting that mRNA stability
control was not the mechanism in altering the AhR message levels in p23kd1 cells (Fig. 6A
right).

3.10. Protein degradation rate of AhR was increased in p23kd1 cells
Next, we examined whether AhR degradation could play a role in the reduced AhR levels in
p23-knockdown stable Hepa1c1c7 cells in the absence of ligand. We observed that the AhR
levels of NC and WT Hepa1c1c7 cells dropped to about 75% after cells were treated with
cycloheximide (50 μg/ml), a protein synthesis inhibitor, for 6 h (Fig. 6B). However, the
degradation rate of AhR was significantly faster in p23kd1 cells than the two controls,
suggesting that reduction of the AhR protein content in p23kd1 cells is partly caused by the
increase of its degradation. The enhanced AhR degradation should be p23-specific since
p23kd5 – another p23 knockdown stable Hepa1c1c7 cell line which was generated by
lentiviral infection rather than electroporation – also showed an increase rate of AhR
degradation (Fig. 6C, top). Interestingly, this degradation was still observed in the presence
of 10μM MG132, a proteasome inhibitor, for up to 8 h (Fig. 6C, bottom). We further
investigated this MG132 effect at the 6-hour time point and observed that the AhR levels
were suppressed to 42, 62, and 38% when p23kd5 cells were treated for 6 h with MG132
alone, cycloheximide alone, and both, respectively (Fig. 6D). Since treatment with
cycloheximide did not cause a significant decrease of the AhR levels in MG132-treated
cells, AhR degradation appeared to be more important in determining the AhR levels than
AhR synthesis. Collectively, our data suggested that a labile protease, which accumulates in
the presence of MG132, might be responsible for degradation of AhR when the p23 levels
are compromised.

3.11. MG132 could not protect AhR from ligand-induced degradation in p23 knockdown
stable cell lines

It is known that AhR degradation occurs after ligand activation [34]. Since MG132 did not
prevent AhR from degradation in p23 knockdown stable Hepa1c1c7 cells, we further
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examined whether the normal ligand-triggered AhR degradation could be affected when the
p23 levels are suppressed. We treated different Hepa1c1c7 cell lines with 1 μM 3-
methylcholanthrene for 6 h and observed that in all cases (WT, NC, and p23kd5), the AhR
levels were suppressed to 24–39% of the pretreated levels (Fig. 7A). Treatment with 10 μM
MG132 for 6 h also suppressed the AhR levels to 43–73%. Co-treatment with MG132 and
3-methylcholanthrene significantly reversed the ligand-triggered degradation in WT and NC
cells but not in p23kd5 cells. Next, we examined whether this phenomenon occurs in cell
lines other than Hepa1c1c7 cells. Similarly, we observed that 3-methylcholanthrene
triggered degradation of AhR in Hep3B and HeLa cell lines. MG132 reversed the
degradation in wild type and negative control knockdown stable but not the p23-specific
knockdown stable Hep3B and HeLa cells (Fig. 7B). Collectively, our data supported that
although the proteasomal degradation of AhR upon ligand treatment is blocked by MG132
in cells with wild type p23 levels, compromised levels of p23 appear to favor the 26S
proteasome-independent degradation of the AhR in the presence or absence of ligand.

4. Discussion
Reducing the p23 levels in a cell line could be a means to provide insights on how p23
affects AhR signaling. In this study, we generated p23 knockdown stable cells from mouse
and human cell lines – mouse hepatoma Hepa1c1c7, human hepatoma Hep3B, and human
cervical HeLa cells. These three cell lines were used since they have been widely used for
studying AhR function. In an effort to address p23-specific effects rather than artificial
effects due to cell line manipulation and nonspecific knockdown, we performed the
following experiments: (1) we generated knockdown stable cell lines using five p23-specific
and two scramble shRNAs to confirm that the observed effects are specific to the
knockdown of p23; (2) we compared negative control knockdown stable cells with the wild
type cells to determine that the stable cell selection process per se does not cause the
observed effects; (3) we generated knockdown stable cell lines using two different methods
(electroporation and lentiviral infection) to show that the observed effects are not a result of
a particular manipulation; (4) we generated knockdown stable cells from different cell lines
(Hepa1c1c7, Hep3B, and HeLa) to ensure that the observed effects are not artificial effects
of a particular cell line and (5) we reversed the suppression of the AhR levels in p23-specific
knockdown stable cells by expressing exogenous p23 in these cells, validating that the
reduction of the AhR levels is indeed p23-specific.

It has been reported that hepatic tissues of p23 heterozygous mice have normal induced
levels of cyp1a1 and cyp1a2 messages after TCDD treatment [26]. In addition, AhR appears
to bind ligand and induce the expression of the cyp1a1 message normally in late stage p23
null and heterozygous mouse embryos. Taken together, these data argued that p23 is not
necessary for the AhR function in vivo. Since these genetically manipulated mouse embryos
and mice expressed either no or much less p23, these authors suggested that compensatory
mechanisms might have been triggered to allow normal AhR function. For example, it is
known that tsp23 is a human p23 homolog with 44% amino acid identity [3]. Therefore,
p23-like proteins (such as tsp23) could conceivably be expressed to preserve the normal
AhR function in the absence of p23. Our p23-specific knockdown stable cells express
relatively higher amounts (20–50%) of the wild type p23 levels and suppress the ligand-
activated AhR function. This apparent discrepancy might be explained by the differences in
the p23 levels: the extent of p23 reduction in our stable cells might not trigger the
compensatory mechanisms as observed in the p23 heterozygous mice and late stage p23 null
and heterozygous mouse embryos. In addition, it is conceivable that cell lines might have
lost the compensatory ability to restore the AhR levels. Another possibility is that p23 might
affect AhR differently in cancer cells than in normal cells, since we used immortalized
cancer cell lines rather than normal cells for our study. Nonetheless, our data have led us to
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speculate that any endogenous event that reduces 50% of wild type p23 levels may
potentially inhibit the AhR function by lowering the AhR levels in cancer cells.

Our data revealed that wild type p23 levels maintain the cellular levels of AhR in part by
favoring the AhR gene transcription. p23 has been shown to modulate binding of steroid
receptors – such as thyroid hormone receptor [8], estrogen receptor [35], and glucocorticoid
receptor [8, 36] – to their enhancers which in turn regulates the corresponding target gene
transcription. It has been reported that multiple Sp1 enhancers are found upstream to the
transcription start site of the human AhR gene [37]. Down-regulation of the AhR expression
may be caused by reduced binding of Sp1 to the hypermethylated AhR promoter in human
acute lymphoblastic leukemia cells [38]. Interestingly, recruitment of Hsp90 by Sp1 is part
of the transcriptional activation process which involves the Sp1 stability control [39, 40].
Realizing that p23 is part of the Hsp90 chaperone complex, it would be interesting to
explore whether p23 is involved in the Sp1-mediated activation of the AhR gene
transcription.

Degradation of AhR has been intensely studied by many groups; dissociation of p23 from
the AhR complex has been linked to both stabilization and degradation of AhR. It is well
known that geldanamycin dissociates p23 from the Hsp90 complex [5] and triggers
degradation of AhR in Hepa1c1c7 cells [41]. Overexpression of XAP2 also dissociates p23
from the AhR complex [42] and suppresses the CHIP-mediated degradation of AhR [43,
44], although the physiological significance of this degradation has been challenged [45].
There might be an immediate effect on the AhR stability when p23 dissociates from the AhR
complex, and the effect may vary depending on the trigger of the dissociation. However, we
believe that a sustained lowering of the cellular p23 levels favors degradation of AhR.

Interestingly, our data revealed that AhR is prone to non-proteasome-mediated degradation
when the p23 levels are compromised. It has been reported that the proteasome inhibitor
MG132, at 8 μM concentration, increases the Arnt levels which in turn triggers nuclear
translocation of AhR in mouse embryo primary fibroblasts [46]. On the contrary, it has been
shown that AhR translocates into the nucleus of Hepa1 cells after treating the cells with 10
μM MG132 for 8 h; the Arnt levels, however, were unaffected [47]. Nevertheless, it was not
clear whether MG132 could affect the total AhR levels by conventional Western analysis.
Since MG132 did not reverse the ligand-dependent degradation of AhR in p23-compromised
cells, we speculated that a protease, which is degraded by 26S proteasome, might be
responsible for AhR degradation. This protease may also degrade AhR but at a very small
extent when the p23 levels are at wild type levels: treatment with MG132 (10–25 μM)
caused marginally noticeable reduction of the AhR protein levels by Western analysis in
Hepa1c1c7 cells [47, 48]. We postulated that p23 might protect AhR from degradation by its
presence in the unliganded AhR complex, or p23 might interact directly with the protease
and in turn regulate the proteolysis of AhR.

Silencing of the HDAC6 gene results in hyperacetylation of Hsp90, which in turn causes
dissociation of p23 from AhR and also inhibition of the AhR ligand binding, leading to
failure of the ligand-mediated nuclear translocation of AhR [49]. One might then postulate
that reduction of p23 might cause problems in AhR ligand binding. However our data
indicated otherwise. We observed that the extent of the AhR response to a ligand in p23-
specific knockdown stable cells is consistent with its 50% of the wild type AhR levels: upon
ligand activation, about 50% of the wild type levels of AhR translocates into the nucleus and
then bind to the DRE as an AhR/Arnt/DRE complex.

p23 has been shown to enhance binding of ER to ERE-containing promoters, leading to
activation of target gene transcription [35]. In addition, we previously observed that p23 is
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capable of promoting the formation of the ligand-activated AhR/Arnt/DRE complex in vitro
[25], suggesting that there may be a yet unidentified nuclear role of p23 in the AhR function.
Therefore, we examined the ligand-dependent formation of the AhR/Arnt/DRE complex in
the wild type and stable cells. We observed that the p23kd1 nuclear extract gave a much
weaker gel shift complex as compared to the intensities observed in wild type and negative
control knockdown stable nuclear extracts. But after normalizing the amount of AhR and
Arnt in all nuclear extracts, the gel shift complex intensities were similar, suggesting that
weaker intensity in the p23kd1 nuclear extract was caused by lesser amounts of AhR. When
we normalized the AhR content in nuclear extracts, we noticed that there was still a
significant reduction of p23 in the p23kd1 nuclear extract. Although the nuclear p23 levels
were reduced to 60%, it did not affect the gel shift complex formation. However, we cannot
rule out the possibility that p23 is necessary for the formation of the ligand-dependent AhR/
Arnt/DRE complex, since 60% of its wild type p23 levels might have been sufficient to
cause the formation of the complex.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
p23 and AhR protein levels in p23-specific knockdown stable Hepa1c1c7 cells generated by
electroporation. Five cell lines examined: wild type (WT), negative control knockdown
stable (NC), and p23 knockdown stable p23kd1-3. Western results showing p23 (A) and
AhR (B) levels. Protein levels in WT are arbitrarily set as 1. Each lane contained 19–27 μg
of whole cell extract and was normalized by β-actin. N-19 was used to detect AhR. The plot
(bottom) is the quantified data showing the means with error bars (mean ± SD, n = 3). The
images (above) are a representation of the triplicate data. C, Western results showing that
V5-p23 restored the AhR levels in p23kd1-2 cells. Cells (3×106 in 0.4 ml) were transfected
with either pcDNA-V5 or pcDNA-V5-p23 plasmid (30 μg in 30 μl) by electroporation (190
V, 70 ms). After incubation at 37°C for 60 h, the cells were harvested and whole cell extract
was prepared for Western analysis. Each lane contained 20 μg of whole cell extract.
GAPDH was used for normalization. SA210 was used to detect AhR.
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Fig. 2.
AhR downstream gene activation in p23kd1 cells. WT, wild type Hepa1c1c7; NC, negative
control knockdown stable Hepa1c1c7; p23kd1, p23-specific knockdown stable Hepa1c1c7.
A, DRE-driven luciferase activity in the presence of 1 μM 3-methylcholanthrene (3MC) or
vehicle DMSO for 6 h. Cells were transfected with pGudLuc1.1 (400 ng) and β-
galactosidase (50 ng) plasmids. The plot represents mean ± SD (n = 3). Luciferase activities
were normalized by corresponding β-galactosidase activities. This experiment was repeated
three times with similar results. B, CYP1A1 induction by 10 μM benzo[a]pyrene (BaP) for
12 h. Each lane contained 100 μg of microsomes for Western analysis. The plot below
shows the means with error bars (mean ± SD, n = 3). The images above are a representation
of the triplicate data. This experiment was repeated two times with similar results. C, a plot
showing the EROD activity of CYP1A1. Induction was performed in a rotating cell
suspension. The plot represents the means with error bars (mean ± SD, n = 3). Normalized
EROD activity represents fluorescence units obtained from 1×106 WT, NC, or p23kd1 cells
with or without 3-methylcholanthrene (3MC) treatment. This experiment was also
performed in a modified monolayer microplate format two times with similar results.
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Fig. 3.
p23, AhR, and Arnt protein levels in p23-specific knockdown stable Hepa1c1c7 cells
generated by lentiviral infection. Western results showing AhR, Arnt, and p23 levels in
whole cell extract. Each lane contained 20 μg of whole cell extract and was normalized by
GAPDH. A, wild type (WT), negative control knockdown stable (NC), and p23 knockdown
stable p23kd4/5 Hepa1c1c7 cells. B, wild type (WT), negative control knockdown stable
(NC), and p23 knockdown stable p23kd6/7 Hep3B cells. C, wild type (WT), negative
control knockdown stable (NC), and p23 knockdown stable p23kd8 HeLa cells. SA210 was
used to detect AhR. D and E, EROD activities of the lentivirus generated p23-specific
knockdown stable cell lines Hepa1c1c7 (D, n = 3) and Hep3B (E, n = 4) with their
corresponding wild type (WT) and negative control (NC) +/− 3-methylcholanthrene (3MC)
treatment. The error bars represent means ± SD.
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Fig. 4.
Cytoplasmic and nuclear levels of p23 and AhR in p23kd1 cells. WT, wild type Hepa1c1c7;
NC, negative control knockdown stable Hepa1c1c7; p23kd1, p23-specific knockdown stable
Hepa1c1c7. Cells were treated with 1 μM 3-methylcholanthrene (3MC) or vehicle DMSO
alone for 1 h before fractionation. Each lane contained 20 μg of protein. GADPH and lamin
A/C were marker controls for normalization for cytoplasmic and nuclear extracts,
respectively. The Western images (A) are a representation of the replicate data. SA210 was
used to detect AhR. Plots (B) showing the means with error bars (mean ± SD, n = 3 for left
panel and n = 5 for right panel).
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Fig. 5.
AhR/Arnt/DRE complex formation in p23kd1 Hepa1c1c7 nuclear extracts. A, Western
results showing the amount of AhR, Arnt, and p23 in gel shift nuclear extracts with or
without 3-methylcholanthrene (3MC) treatment (top). Each lane contained 20 μg of protein.
The plot below shows the AhR (left), Arnt (middle) and p23 (right) levels with error bars
(mean ± SD, n = 3). The images above are a presentation of the triplicate data. B, Western
results showing the levels of Arnt and p23 in gel shift nuclear extracts when the AhR levels
after 3-methylcholanthrene (3MC) treatment were normalized among the WT, NC, p23kd1
gel shift nuclear extract. More protein was loaded for p23kd1 nuclear extracts (+/− 3-
methylcholanthrene). The plots below show the p23 (left) and Arnt (right) levels with error
bars (mean ± SD, n = 3). The images above are a presentation of the triplicate data. N-19
was used to detect AhR in A and B. C, gel shift results of nuclear extracts from cells either
treated with 3-methylcholanthrene (3MC) or vehicle DMSO alone for 1 h before harvest.
Lanes 2, 4, 6 contained normalized amount of AhR whereas lanes 1–4, 7 contained
normalized amount of protein (5 μg). The upper arrow indicates the AhR/Arnt/DRE
complex whereas the lower arrow indicates the free probe. The plot (right) shows the means
with error bars (mean ± SD, n = 3). The gel shift image (left) is a presentation of the
triplicate data. D, controls to validate the AhR/Arnt/DRE complex. Each lane contained 5
μg of protein. Lanes 1–4 and 5–10 were from two separate gels. Lanes 2–4, 6–10 were 3-
methylcholanthrene (3MC)-treated WT gel shift nuclear extract whereas lanes 1 and 5 were
DMSO-treated WT extract. DRE, 5 pmol (10X) of unlabelled DRE; mDRE, 5pmol (10X) of
unlabelled mutated DRE. 6 μg (3 μl) of IgG was added to samples at the end for an
additional 20 m at room temperature (lanes 7–10): AhR ab, anti-AhR goat IgG (N-19); Arnt
ab, anti-Arnt rabbit IgG (H172); goat IgG or rabbit IgG was negative controls. E. ChIP data
showing the 3-methylcholanthrene (3MC)-mediated AhR recruitment at the cyp1a1
promoter of WT, NC, and p23kd1 cells. The images below are a representative of agarose
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gel images showing the amplified DRE region of the cyp1a1 promoter (214bp). 5% input
represents the PCR product using 5% of the starting lysate as the template. This experiment
was repeated three times with similar results. The error bars represent mean ± SD, n = 3.
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Fig. 6.
Effect of p23 on AhR transcription and protein stability in p23kd1 and p23kd5 cells. WT,
wild type Hepa1c1c7; NC, negative control knockdown stable Hepa1c1c7; p23kd1 and
p23kd5, p23-specific knockdown stable Hepa1c1c7. GAPDH was used for Western
normalization. A. real-time qPCR results showing the amount of the AhR message after
actinomycin-D treatment. Cells (5×105) were treated with actinomycin-D (5 μg/ml) for 0–6
h. The β-actin message was used for normalization. The graph (left) shows the amount of
AhR message right after cycloheximide treatment. The time-dependent amount of AhR
message after cycloheximide treatment was plotted with zero time point arbitrarily set as one
to focus on the degradation rate. The plots show the means with error bars (mean ± SD, n =
3). This experiment was repeated once with similar results. The slopes of the figure (right)
are not statistically different. B, Western results showing the amount of AhR after
cycloheximide treatment. Cells (5×105) were treated with cycloheximide (50 μg/ml) for 0–6
h one day after seeding and then whole cell extract was obtained. Each lane contained 50 μg
of protein. The amount at zero time point was arbitrarily set as one. The plot below shows
the means with error bars (mean ± SD, n = 3). The images above are a presentation of the
triplicate data. This experiment was repeated once with similar results. The slope of p23kd1
is significantly different. C, same as B except that p23kd5 was used instead of p23kd1.
Treatment with cycloheximide (CHX) (50 μg/ml) alone (top) or cyclohexmide (50 μg/ml)
and 10 μM MG132 (bottom) was up to 8 h. D, p23kd5 cells were treated for 6 h with either
DMSO, 10 μM MG132, cyclohexmide (CHX) (50 μg/ml), or both. This Western was
repeated two times and plotted (mean ± SD, n = 3). SA210 was used to detect AhR in B–D.
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Fig. 7.
MG132 effect on 3-methylcholanthrene-induced AhR degradation in p23-specific
knockdown stable Hepa1c1c7, Hep3B, and HeLa cells. SA210 was used to detect AhR.
Wild type (WT), negative control knockdown stable (NC), and p23-specific knockdown
stable p23kd5 Hepa1c1c7 (A), p23kd6 Hep3B (B, top) p23kd8 HeLa (B, bottom) were used.
Cells were treated for 6 h with either DMSO, 1 μM 3-methylcholanthrene (3MC), 10 μM
MG132, or both. Each lane contained 20 μg of whole cell extract. GAPDH was used for
normalization. Western in A was repeated twice and plotted (mean ± SD, n = 3).
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