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High-mobility group box 2 (HMGB2)

modulates radioresponse and is downregulated

by p53 in colorectal cancer cell
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Overexpression of high-mobility group box 2 (HMGB?2) is recently reported in several malignant cancers and was correlated
with poor response to preoperative chemoradiotherapy of colorectal cancer patients. To enhance the chemoradiotherapy
efficacy, the biological function of HMGB2 was investigated with respect to radiation response. HMGB2 gene knockdown
cells were constructed by infecting shRNA expressing lentivirus and clonogenic assay was performed to count the
radiosensitivity. HMGB2 knockdown sensitized HCT-116 and HT-29 colorectal cancer cells to ionizing radiation. This could
be due to an increased DNA damage and an inefficient DNA damage repair in HMGB2 knockdown cells. In addition, an
exposure to radiation downregulated HMGB2 expression in colorectal cancer cells with an intact TP53 gene. HMGB2 gene
expression of TP53-mutant cell was not affected by irradiation. p53-mediated downregulation of HMGB2 was confirmed
by direct activation of p53 using Nutlin-3 or by inducing p53 expression using Tet-On system. Luciferase reporter assay
showed that HMGB2 promoter activity was inversely correlated with the amount p53 cotransfected. Our study revealed
that HMGB2 is necessary to protect colorectal cancer cells from DNA damage and efficient DNA repair and p53-mediated

downregulation is a critical mechanism of modulating HMGB2 expression.

Introduction

High-mobility group box (HMGB) proteins are one of the HMG
protein families, containing characteristic HMG box motif. Four
members of the HMGB family are currently known in mam-
mals and characterized by two tandem basic HMG box domains
followed by a long acidic tail.! The HMGB1 and HMGB2 are
highly conserved nuclear proteins, acting as chromatin-binding
factor that bends DNA and promotes access to transcriptional
protein assemblies on specific targets.*? In addition, HMGBI
functions as an extracellular signaling molecule during inflam-
mation, cell differentiation, cell migration and tumor metasta-
sis.>* It is also reported that HMGB2 is released to extracellular
space in various inflammatory states™® and binds to receptors like
receptor for advanced glycation end products (RAGE).” HMGB2
is highly expressed during embryogenesis and in adults it is
mainly expressed in testicles and lymphoid organs. Mice lacking
HMGB2 gene are viable, but knockout males have reduced fer-
tility.® Further, HMGB?2 is highly expressed in chondrocytes of
the superficial zone in joints and knockout mice develop osteoar-
thritis earlier than wild-type mice.” Recently, a novel function of

HMGB2 in mesenchymal stem cell differentiation is revealed.'
HMGBI overexpression has been reported in a variety of human
cancers, including melanoma," pancreatic cancer, prostate can-
cer,'? colorectal cancer'® and breast cancer."* HMGB2 have been
significantly upregulated in glioblastoma tissues, compared with
a low level of expression in normal human brain tissues.” In
hepatocellular carcinoma, HMGB2 overexpression has been sig-
16 Despite
extensive characterization of the diverse roles of HMGBI, rela-
tively less is known of the specific biological function of HMGB?2.

In the management of locally advanced colorectal cancer, pre-

nificantly correlated with shorter overall survival time.

operative chemoradiotherapy has been established as a standard
component of multimodal treatment.” Several studies have per-
formed microarray for predicting preoperative chemoradiother-
apy responses in patients with advanced rectal cancer.'®** We also
identified differentially expressed genes between non-responder
and responder to chemoradiotherapy and clustering analysis was
performed (unpublished). Among them, HMGB2 expression was
2.66-fold higher in non-responder group than in responder group
(p = 0.0058). This lead us to hypothesize that HMGB2 might

regulate cellular response to radiation in colorectal cancer. To
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Figure 1. Knockdown of HMGB2 sensitized colorectal cancer cells to radiation. HMGB2 knockdown HCT-116 (A) and HT-29 (B) cells were established
by infecting lentivirus expressing shRNA targeting HMIGB2 and were confirmed by western blot analysis. A clonogenic assay was performed after
exposure to the indicated dose of radiation in shRNA expressing cells. Values are means * standard deviation for triplicate wells for each dose point

prove this, we studied the biological function of HMGB2 with
respect to radiation in greater detail through in vitro analysis.

Results

Knockdown of HMGB?2 sensitized colorectal cancer cells to
radiation. To study the biological function of HMGB?2 protein
in radiation response, stable HMGB2 knockdown cell lines
were established using pLKO.1 lentivirus system continuously
expressing shRNA targeting HMGB2 gene. Established shH-
MGB2 cells were confirmed by checking the decreased level of
HMGB2 mRNA (data not shown) and protein expression com-
pared with shSCR control cells (Fig. 1, right blot). Clonogenic
assay showed that HMGB2 depletion made both HCT-116 cells
(Fig. 1A) and HT-29 (Fig. 1B) colorectal cancer cells more
sensitive to radiation. These results suggested that HMGB2
was required for proper DNA damage responses to irradia-
tion. Furthermore, coincident with microarray analysis results
of human colorectal cancer sample, HMGB2 expression level
could be a biomarker predicting radioresponse of colorectal can-
cer cell.

HMGB?2 knockdown enhanced DNA damage and delayed
DNA damage repair. HMGB2 is a non-histone chromatin
protein and reported to be involved in DNA damage repair.’
To study the effect of HMGB2 knockdown on DNA damage
response, immunofluorescence staining of YH2AX was per-
formed. YH2AX is a well-established DNA damage marker.
DNA double strand breaks caused by DNA damage like ionizing
radiation lead to the phosphorylation of neighboring histone H2A
subtype X at C-terminal Ser-139 residue, which is important for
recruiting DNA repair proteins. When yH2AX foci intensity per
cell was quantified, YH2AX intensity of HMGB2 knockdown
cell was significantly higher than that of shSCR control cells,
which suggested that more DNA stand breaks are generated in
exponentially growing HMGB2 knockdown cells without any
external DNA damage induction both in HCT-116 and HT-29
cells (Fig. 2A and B). This immunofluorescence staining result
was well match with western blot analysis showing higher level of
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YH2AX in shHMGB2 cells (Fig. 2C and D). Not only the basal
level of DNA damage, HMGB2 knockdown cells were more sen-
sitive to irradiation, which was clearly observed in cells exposed
to relatively low dose (0.5 Gy) of ionizing radiation. When the
DNA damage repair kinetics compared after exposure to 2 Gy
of radiation (Fig. 2E and F), HMGB2 knockdown delayed the
DNA damage repair, which suggested that HMGB2 are required
for efficient DNA breaks repair. Coincident with this west-
ern blot result, immunofluorescence staining (Fig. 2G and H)
showed that YH2AX phosphorylation peaked after 30 min and
DNA damages were significantly repaired after 2 h in shSCR
control cell. However, YH2AX phosphorylation was sustained in
HMGB2 knockdown cells. These results suggested that HMGB2
is required for protecting cells from DNA damage and efficient
DNA damage repair process, which could be a major contributor
of increasing sensitivity to radiation of HMGB2 knockdown cells.

HMGB?2 expression was downregulated by ionizing radia-
tion in colorectal cancer cells with functional 7P53 gene.
Expression of many DNA damage response genes is known to
be induced by external DNA damage stresses to protect cells
from death by activating cell cycle checkpoints and repairing
DNA damage. If the DNA damage is too severe to be recov-
ered, genes regulating apoptotic cell death was also induced.?
Because HMGB2 was required for protection cell from DNA
damage and its knockdown sensitized cell to irradiation, we
hypothesized HMGB2 might be induced by irradiation to pro-
tect cells from radiation induced death. So the effect of ioniz-
ing radiation on HMGB2 gene expression was investigated.
Contrary to our expectation, irradiation decreased HMGB2
protein level in a dose-dependent manner (Fig. 3A). Increase of
p53 protein resulted from stabilization by irradiation shown as
an experimental control. In order to reveal at what step radia-
tion regulated HMGB?2 level, first, qRT-PCR was performed. As
HMGB2 mRNA level was decreased in a time- and dose-depen-
dent manner after irradiation in HCT-116 cell (Fig. 3B and C),
we can conclude this downregulation of HMGB2 by irradia-
tion is occurred at transcription level. However, in contrast to
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Figure 2. Knockdown of HMGB2 increased DNA damage and delayed DNA damage repair. Exponentially growing HMGB2 knockdown HCT-116 (A) and
HT-29 (B) cells were cultured on slide glass and stained with anti-yH2AX antibody. yH2AX foci intensity per cell was calculated with Image Pro soft-
ware and statistically analyzed. HMGB2-knockdown HCT-116 (C) and HT-29 (D) cells were exposed to the indicated dose of radiation, harvested after

1 h and examined by western blot analysis. After exposure to 2 Gy of radiation, HCT-116 (E) and HT-29 (F) cells were harvested at the indicated time and
examined by western blot analysis. Protein extracts were quantified and equal amounts of total protein were subjected to SDS-PAGE and detected
with anti-yH2AX, -HMGB2 and -B-actin antibodies. At the same condition, immunofluorescence staining with anti-yH2AX antibody was performed to

measure the amount of DNA damage in HCT-116 (G) and HT-29 (H) cells.

HCT-116, HMGB?2 transcription in HT-29 cell was not affected
by irradiation (Fig. 3D). To figure out the different response
to radiation between two cell lines, HMGB2 expression after
irradiation was investigated in three more colorectal cancer cell
lines. HMGB2 mRNA level in DLD-1 and SW480 cell was not
changed after irradiation similar to HT-29. However, HMGB2
transcription was downregulated by irradiation in HCT-8 cell
(Fig. 3D). Considering HT-29, DLD-1 and SW480 has a mutant
TP53 tumor suppressor gene (R273H, S241F and R273H/P309S

www.landesbioscience.com

respectively), we hypothesized functional p53 may be required for
HMGB2 downregulation by radiation. To prove this, HCT-116
cell with deleted 7P53 gene [HCT-116 (p537)] was irradiated
and HMGB2 mRNA level was checked. Compared with HCT-
116 with functional p53 (Fig. 3A-C), HMGB2 mRNA level in
HCT-116 (p537) cell was not changed after irradiation (Fig. 3E).
From these results, HMGB2 expression was downregulated by
ionizing radiation in colorectal cancer cells with functional 753
gene.
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Figure 3. HMGB2 expression was downregulated by ionizing radiation in colorectal cancer cells with functional TP53 gene. (A) Two days after expo-
sure to the indicated dose of radiation, HCT-116 cells were collected and HMGB2 protein level was examined by immunoblot analysis. p53 protein
level was detected as an experimental control. (B) After exposure to 10 Gy of radiation, HCT-116 cells were harvested at the indicated of time and
HMGB2 mRNA level was examined by gRT-PCR (*p < 0.01 compared with control). (C) HCT-116 cells were exposed to the indicated dose of radiation
and HMGB2 mRNA level was examined after 16 h (*p < 0.01 compared with control). (D) HT-29, DLD-1, HCT-8 and SW480 colorectal cancer cells were
exposed to the indicated dose of radiation and HMGB2 mRNA level was examined by qRT-PCR (*p < 0.01 compared with control). TP53 gene status
is shown above. (E) HCT-116 (p537) cells were exposed to 10 Gy of radiation and were harvested at the indicated of time. HMGB2 transcript level was
examined by qRT-PCR and normalized with reference genes. Error bars represent standard error.

p53 played a crucial role in downregulation of HMGB2 tran-
scription. To examine whether p53 directly regulates HMGB2
expression, p53 was activated by treating HCT-116 cells (both
wt and p537) with Nutlin-3, a p53 activator by inhibiting the
interaction between MDM2 and p53, leading to p53 stabiliza-
tion. As shown in Figure 4A, Nutlin-3 treatment induced p53
downstream target PUMA and p21/WAFI in a dose-depen-
dent manner only in HCT-116 cell with wild type p53. In this
condition, HMGB2 mRNA level was inversely correlated with
Nutlin-3 concentration treated. p53 accumulation and con-
comitant decrease of HMGB2 protein was confirmed by western
blot analysis (Fig. 4B). As expected, not only HMGB2 but also
PUMA and p21/WAF gene expression in HCT-116 cell with null
p53 did not response to Nutlin-3 treatment. Next, conditional
inducible system of functional p53 was introduced in HT-29 cell.
Induction of p53 protein was not as dramatic due to overexpres-
sion of endogenous mutant p53 protein in HT-29 cell, however,
HMGB2 protein level was decreased in a dose dependent manner
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(Fig. 4C). qRT-PCR result also clearly demonstrated that p53
induction by doxycycline caused downregulation of HMGB2
and concomitantly induced p53 target genes, PUMA and p21/
WAF1 (Fig. 4D). Finally, to verify whether p53 downregulated
HMGB2 at the transcription level, a luciferase reporter assay was
performed. pGL3 plasmid containing HMGB2 promoter region
DNA (pGL3-HMGB2p) was cotransfected with an increasing
amount of pCMV-p53 plasmids and normalized luciferase activ-
ity was compared (Fig. 4E). Transfection of pGL3-HMGB2p
showed 650-fold higher luciferase activity compared with the
empty pGL3-basic plasmid. Coincide with all previous results,
HMGB?2 promoter activity was inversely correlated with the
amount of p53 wt plasmid cotransfected. However, cotransfec-
tion with p53 harboring mutation (V143A) could not inhibit
HMGB2 promoter efficiently, which confirmed that the presence
of the CMV promoter did not affect reporter assay significantly.
All these result proved that p53 is a key molecule in downregulat-
ing HMGB?2 transcription.
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Figure 4. p53 played a crucial role in downregulation of HMGB2 expression at transcription level. (A) HCT-116 wild type and p537 cells were treated
with 0, 2.5, 5 and 10 M of Nutlin-3 for 16 h and HMGB2 mRNA level was examined by qRT-PCR. PUMA and p21/WAF1 mRNA analysis was included as a
p53-dependent transcription control. (B) Immunoblot assay was performed the same condition as in (A) except treatment was last for 2 d. HT-29 cells
harboring tet-inducible p53 expression system were treated with doxycyclin for 2 d and western blot (C) and qRT-PCR (D) analysis were performed.

*p < 0.01 compared with untreated group. (E) pGL3 vector harboring HMGB2 promoter DNA was cotransfected with an increasing amount of p53 ex-
pression plasmid into 293T cell and transcription activity was measured with dual luciferase assay. Error bars represent standard error. Nutlin, Nutlin-3;

Discussion

The purpose of this study was to check the possibility of
HMGB2, a ubiquitous nuclear regulator of chromatin, as a
mediator of DNA damage signaling and a radioresponse regula-
tor. Initially, HMGB2 was identified as a differentially expressed
marker gene predicting the response to preoperative chemoradio-
therapy in colorectal cancer patients. In this study, we showed
that HMGB?2 protects cell from DNA damage (Fig. 2) and defi-
ciency of HMGB?2 sensitizes cell to radiation in colorectal cancer
(Fig. 1). So, any disorder in HMGB2 downregulation induced
by DNA damage signaling could confer radioresistance to cancer
cells. We identified p53 as a key regulator of HMGB2 expres-
sion in response to DNA damage (Figs. 3 and 4) and colorec-
tal cancer cells expressing mutant p53 did not show HMGB2
downregulation (Fig. 3). So, fractionated radiation or DNA
damaging agents could downregulate HMGB2 expression by
activating p53, which could make cell more sensitive to the fol-
lowing application of chemoradiotherapy. p53 tumor suppressor
protein plays a role in genomic stability, cell cycle progression
and apoptosis. Approximately half of all colorectal cancers show
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p53 gene mutation, with higher frequencies observed in distal
colon and rectal tumors.>*® It is also established that the pres-
ence of mutant p53 is associated with decreased local control fol-
lowing radiotherapy.?®?” However, further study is required to
validate the contribution of HMGB2 to chemoradioresistance of
p53 mutant cell. A biological implication of p53-mediated down-
regulation of HMGB?2 in chemoradiotherapy is summarized in
Figure 5.

With respect to DNA binding proteins, HMGB2 are closely
related to the susceptibility of cells to DNA damage-induced
cell death. A transient overexpression of HMGB2 conferred
resistance to cisplatin-induced cell death, however, elicited sig-
nificantly less apoptosis in response to etoposide in hepatocellular
carcinoma cells.’ It has been reported that multiprotein complex
including HMGB2 detects changes in DNA structure caused by
incorporation of nonnatural nucleosides and determines cellular
sensitivity to chemotherapy.?® Knockdown of each component of
this protein complex resulted in 8- to 50-fold increased chemo-
resistance to cytarabine, probably by delaying p53 phosphoryla-
tion after exposure to genotoxic stress.”” HMGBI have also been
reported to recognize aberrant or damaged DNA in multiple in
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Figure 5. A proposed diagram suggesting biological implication of p53-mediated downregulation of HMGB2 in chemoradiotherapy. Cancer cell with
wild type p53 could inhibit the transcription of HMGB2 gene in responds to radiation, which might sensitize cell to the following chemoradiotherapy.
In contrast, sustained expression of HMGB2 in p53 mutant cancer might contribute to chemoradioresistancy.

vitro experiments. Prasad et al. directly demonstrated accumula-
tion of HMGBI at sites of oxidative DNA damage in live cells
thus defining HMGBI as a component of an early DNA damage
response.’® Lange et al. also demonstrated that mammalian cells
lacking HMGBI are hypersensitive to DNA damage induced by
psoralen plus UV irradiation and nucleotide excision repair effi-
ciency is significantly decreased.” Recently it was reported that
overexpression of HMGBI1 or HMGB2 using adenoviral system
elevated the radiosensitivity of breast cancer cells.’>* Taken
together, HMGB?2 is of particular relevance in DNA damage
repair and radioresponse regulation, although differential regula-
tion mechanism must be resided in depending on the genotoxic
stresses introduced in cancer cells.

In addition, there are several possible mechanisms of radio-
sensitization mediated by HMGB2 deficiency. First, HMGB2
is necessary for cell survival, proliferation and growth signal
transduction to nucleus. HMGB?2 inhibition by antisense RNA
repressed cell cycle progression in COS-1 cells** and HMGB2
knockdown by siRNA inhibited cell proliferation in rat HCC
cells.”® Additionally, IHC study of HCC showed that positivity
of HMGB2 was correlated with PCNA, a known marker of cell
proliferation.” We also observed that HMGB2 gene knock down
significantly delayed cell proliferation (data not shown). Second,
HMGB2 regulates chromatin structure and induces genome-
wide changes in gene expression. HMGBs can interact directly
with nucleosomes, loosen the wrapped DNA and so enhance
accessibility to chromatin-remodeling complexes and to tran-
scription factors.’® Recently, Franklin et al. demonstrate that the
HMGB2 (but not HMGB1) controls a gene expression program
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responsible for hypertrophic cell growth. They suggest general
principles for global shifts in chromatin accessibility: altered
linker to core histone ratio; differing abundance of chromatin
structural proteins; and reprogrammed histone post-transla-
tional modifications.?” Finally, like HMGB1, HMGB2 might be
involved in regulation of telomerase activity and lead to telomere
dysfunction. Knockout of the HMGBI gene in mouse embryonic
fibroblasts results in chromosomal abnormalities, enhanced colo-
calization of YH2AX foci at telomeres and a moderate shortening
of telomere lengths.?®

In conclusion, our data suggest that HMGB2 plays a signifi-
cant role in cellular response and protection to DNA damage
stress and p53-mediated downregulation of HMGB2 transcrip-
tion is a key regulatory mechanism.

Methods and Materials

Cell culture. The human colorectal adenocarcinoma cancer
cell lines HCT-116, HT-29, DLD-1, HCT-8 and SW480 were
obtained from the Korean Cell Line Bank (KCLB) and HCT116
(p537") derivatives were supplied by Dr B. Vogelstein.?' All cells
were maintained in RPMI-1640 medium (PAA Laboratories)
supplemented with 10% heat-inactivated fetal bovine serum
(PAA Laboratories) or and 100 U/ml of penicillin and strepto-
mycin (PAA Laboratories) except HCT-8 cell with horse serum
(WelGene) instead of FBS.

shRNA-mediated HMGB2 gene silencing. The lentivi-
ral shRNA expression plasmids targeting HMGB2 were gen-
erated by cloning oligonucleotides into the pLKO.l puro
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vector (Addgene plasmid 8453). The oligonucleotide used for
targeting HMGB2 is 5-GCA AAG GAG AAG TCG AAG
TTT CTC GAG AAA CTT CGA CTT CTC CTT TGC-3'
(TRCN0000019010) and 5-CCA TCT GCC TTC TTC CTG
TTT CTC GAG AAA CAG GAA GAA GGC AGA TGG-3'
(TRCN0000019013). The oligonucleotides for HMGB2 were
annealed and subcloned to pLKO.1-puro vector after digestion
with Agel and EcoRI. The control scramble shRNA expressing
plasmid (shSCR) was obtained from Addgene (plasmid 17920)
with following hairpin sequence: 5-CCT AAG GTT AAG TCG
CCCTCGCTCGAG CGAGGG CGACTTAACCTTAGG-
3'. To produce lentivirus particle, 293T cells were seeded to 3 x 10°
onto 100-mm dishes and 16 h later were transiently transfected
with 3 pg of pLKO.1 lentiviral vector, 2.66 pg of pPCMV-dR8.2
dvprC (Addgene plasmid 8455) and 0.33 pg of pPCMV-VSV-G
(Addgene plasmid 454) using JetPEI (Polyplus). Supernatants
were collected 48 and 72 h post transfection followed by concen-
tration of the virus using Centricon 100K (Millipore) and used
for infections in the presence of 8 pg/ml polybrene. One day
after infection, puromycin (Sigma) was applied to 1 pg/ml for
7 d to eliminate uninfected cells.

Clonogenic assay. Clonogenic survival was defined as the
ability of cells to maintain clonogenic capacity and to form
colonies.?? Briefly, cells were harvested from exponential phase
cultures by trypsinization, counted and were seeded for colony
formation. On the following day, 7y radiation was delivered using
a dual-source "Cs unit at a dose rate of 3.2 Gy/min with a
GC-3000 Elan irradiator (MDS Nordion). After 14 d, colonies
were stained with 0.4% crystal violet (Sigma). The colonies were
counted with a counter and > 30 cells were considered as colo-
nies. The plating efficiency (PE) represents the percentage of cells
seeded that grow into colonies under a specific culture condition
of a given cell line. The survival fraction, expressed as a function
of irradiation, was calculated as follows: Survival fraction = colo-
nies counted/(cells seeded x PE/100).

Immunofluorescence analysis. Cells cultured on 18-mm
cover glass were fixed with 3.7% paraformaldehyde for 10 min,
permeabilized with 1% Triton X-100 for 5 min and then blocked
with blocking buffer (10% FBS in PBS) for 30 min. Anti-
vYH2AX antibody (Millipore) was diluted to 1:500 and applied
overnight at 4°C and subsequent incubation with fluorescein-
conjugated secondary antibodies (Invitrogen) was conducted for
1 h at room temperature. Immunofluorescence images were cap-
tured with a laser-scanning confocal microscope (LSM 710, Carl
Zeiss Microlmaging GmbH). To calculate YH2AX foci intensity
per cell, images were processed and measured using Image-Pro
Plus software (Media Cybernetics, Inc.) and then divided by the
number of nucleus.

Western blot analysis. Cells were lysed with RIPA buffer
(20 mM TRIS-HCI (pH 7.5), 150 mM NaCl, 1 mM EDTA,
1 mM EGTA, 1% NP-40, 1% sodium deoxycholate and protease
inhibitors) and briefly sonicated. Protein content was measured
with Coomassie (Bradford) Protein Assay Kit (Thermo Fisher
Scientific, Inc.). Equal amounts of cell lysate were separated by
SDS-polyacrylamide gels, transferred to nitrocellulose membrane
(Bio-Rad), immunoblotted and detected by chemiluminescence
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using ECL detection reagents. Antibodies were obtained as fol-
low. Anti-HMGB2 was from Abcam, anti-yH2AX was from
Millipore, anti-p53, anti-B-actin and Horseradish peroxi-
dase-conjugated secondary antibodies were from Santa Cruz
Biotechnology, Inc.

Quantitative realtime polymerase chain reaction (qRT-
PCR). Total RNA from cells was isolated by using the Hybrid-R
Total RNA Purification Kit (GeneAll). A total of 1 pg of total
RNA preparation was reverse transcribed with PrimeScript RT
Master Mix (Takara). After dilution to 1:10, 2 .l of cDNA was
used as template in 20 wl PCR reaction. gRT-PCR was per-
formed using SYBR Premix Ex Taqll (Takara) or qPCR Master
Mix (MBiotech) on a CFX96 realtime PCR system (Bio-Rad).
The following primers were used for qRT-PCR: HMGB2 (5'-
CTT GGC ACG ATA TGC AGC AA-3', 5-CAG CCA AAG
ATA AAC AAC CAT ATG A-3'); p21/WAF1 (5'-CTG CGC
CAG CTG AGG TGT GAG-3,5-GCC GCATGG GTT CTG
ACG GA-3"); BBC3/PUMA (5-CCT GGA GGG TCC TGT
ACA ATC T-3, 5-GCA CCT AAT TGG GCT CCA TCT-
3'); PPIA/CYPA (5-CCC ACC GTG TTC TTC GAC AT-3,
5'-CCA GTG CTC AGA GCA CGA AA-3'); RPLI13A (5-CCT
GGA GGA GAA GAG GAA AGA GA-3', 5-TTG AGG ACC
TCT GTG TAT TTG TCA A-3"); B2M (5-TGC TGT CTC
CAT GTTTGATGT ATCT-3, 5-TCT CTG CTC CCC ACC
TCT AAG T-3"). The relative quantification of gene expression
was calculated with the AACt method using CEX manager soft-
ware (Bio-Rad) with multiple reference genes (PPIA, RPLI3A
and B2M). PCR program was as follows: after an initial pre-
incubation step at 95°C for 10 min, there were 45 cycles, each
consisting of 95°C for 5 s and 60°C for 30 s. The last amplifica-
tion cycle was followed by a melt curve analysis to make sure
about the specificity of the PCR amplification.

Establishment of tetracycline inducible p53 expressing
HT-29 cell. Tet-inducible p53 expressing HT-29 cell was made
using Retro-X Ter-On advanced inducible expression system
(Clontech Laboratories) and retroviruses were generated in
Plat-GP packaging cell line (Cell Biolabs). To make a r¢TA-
expressing cell, HT-29 cell was infected with retrovirus gener-
ated with pRetroX-Tet-zOn Advanced vector and selected 500
pg/ml of G418 for 7 d. To make a tet-inducible p53 construct,
Xbal fragment of wildtype TP53 gene (Addgene plasmid, 16434)
was subcloned into pRetroX-Tight-pur vector. Retrovirus was
introduced to previously made rtTA-expressing HT-29 cell and
selected with puromycin (1 pg/ml) for 7 d. To induce p53 expres-
sion, doxycycline (Sigma) was treated to 500 wg/ml for 2 d.

Construction of HMGB2 luciferase reporter plasmid and
luciferase assay. Human HMGB2 promoter region covering
upstream 1,000 bp and downstream 795 bp from the transcrip-
tion start site of the reference sequence (NM_002129.3) was
PCR amplified with primers (5-AAA CTC CTC GAG GTA
GGA CGA GAC AGT GAA TGC-3' and 5-AAT GCC AAG
CTT GTT GAC AGA TCC GCG TCC AC-3') and subcloned
into a position that was 5' to the luciferase gene between the
Xhol and HindIII sites of the pGL3-Basic luciferase reporter
vector (Promega). To assay the HMGB2 promoter activity,
5 x 104 293T cells were transfected with 100 ng of pGL3-basic
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or pGL3-HMGB2p and 2 ng of pRL-SV40 as a transfection
efficiency control. To examine the effect of p53 on HMGB2

promoter activity, 20 or 100 ng of pCMV-Neo-Bam p53 wt
(Addgene plasmid 16434) or V143A mutant (Addgene plasmid

16435) plasmid was cotransfected. Cells were then allowed to
recover for 24 h at 37°C and harvested and analyzed by a Dual-
Luciferase Reporter Assay System (Promega) and luminescence
was measured using GloMax 20/20 Luminometer (Promega).
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