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CD147 is a novel cancer-associated biomarker that plays an impor-
tant role in the invasion and metastasis of human lung cancer. In
spite of its many known functions, little is known about CD147
transcriptional regulation. In this study, we explored the regula-
tion of CD147 in human lung cancer tissues. Over 60% of the
human lung cancer tissues expressed differential high levels of
CD147. We then cloned the 5¢-flanking region of the human CD147
gene and identified a critical promoter region at )108 to –42 which
contained one binding site for Sp1, which was essential in up-reg-
ulating CD147 promoter activity. These results were proven by
blocking Sp1 using RNAi or mithramycin A treatment and up-regu-
lating Sp1 using transfection with eukaryotic expression vector.
Consistent with the CD147 transcription activation, a high level of
Sp1 expression was detected in lung cancer cell lines overexpress-
ing CD147. Chromatin immunoprecipitation assay showed that
much more Sp1 could bind to the CD147 promoter in 95-D with
CD147 high expression than in SK-MES-1 with CD147 low expres-
sion. There was a significant positive correlation between CD147
expression and Sp1 expression level detected by immunohisto-
chemistry (r = 0.831). Collectively, our results suggest that Sp1 is
essential for regulating the CD147 gene expression in human lung
cancer. (Cancer Sci 2010; 101: 1463–1470)

L ung cancer is the leading cause of cancer-related death for
both men and women in the USA, with an estimated

159 390 deaths in 2009.(1) Depending on the stage and treat-
ment, the 5-year survival rate of lung cancer is only 14%,(2) and
this has improved little over the past two decades. One of the
characteristics of lung cancer is its high potential for invasion
and metastasis. Previous studies have reported that CD147 plays
an important role in lung cancer invasion and metastasis.(3)

CD147 is a transmembrane glycoprotein present on the cancer
cell surface belonging to the immunoglobulin superfamily,
which was found to induce expression of matrix metalloprotein-
ases (MMPs), particular MMP-2 and MMP-9 in fibroblasts or
tumor cells.(4–7) CD147 was originally isolated from the LX-1
human pulmonary carcinoma cell line.(8,9) Although it is essen-
tially absent in normal adult lungs,(10) pathological up-regulation
has been reported in lung cancers.(11,12) CD147 was also an
independent predictor prognosis for lung cancer patients.(13)

However, the mechanism of CD147 expression and its regula-
tion in lung cancer are mostly unknown.

The regulation of gene expression by transcription factors is
critical to many biological processes and carcinogenesis.(14) One
of the first transcription factors to be identified in mammalian
cells was Sp1,(15) a member of the zinc-finger Sp family of pro-
teins that includes the Kruppel-like factor (KLF) family.(16) Sp1
is expressed ubiquitously in various mammalian cells and is
implicated in the transcription of many genes that contain GC
boxes in their promoter,(17) particularly housekeeping genes and
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those involved in cell growth and development.(18,19) Initial
analysis of the CD147 promoter region has revealed several
potential transcription factor Sp1 binding sites, suggesting that
Sp1 may be involved in CD147 transcription regulation.(20,21)

In this study, we investigated the expression level of CD147
and Sp1 in human lung cancer tissues and explored the impor-
tance of DNA sequence element, transcription factor Sp1 in reg-
ulating CD147 expression in human lung cancer cell lines. To
the best of our knowledge, this is the first study to examine the
role of Sp1 in CD147 transcription regulation in human lung
cancer.

Materials and Methods

Lung cancer tissue collection. Forty-seven paraffin-embedded
tissue specimens of lung cancer were obtained from the Depart-
ment of Pathology, Xijing and Tangdu Hospital affiliated to
Fourth Military Medical University (Xi’an, China) with signed
informed consent. All histologically confirmed lung cancer
patients had undergone surgical resections at Xijing Hospital.
Study approval was obtained from the Xijing Hospital Institu-
tional Review Board.

Immunohistochemical staining. Human lung cancer tissues
were processed for immunostaining using anti-CD147 anti-
body(12,22) and anti-Sp1(23) antibody as described previously.
Immunopositivity was independently evaluated by two patholo-
gists, who were blinded to clinical data. Depending on the per-
centage of positive cells and staining intensity, CD147 and Sp1
staining were classified into four groups: negative, weak posi-
tive, moderate positive, and strong positive. Specifically, the
percentage of positive cells was divided into five grades (per-
centage scores): <10% (0), 10–25% (1), 26–50% (2), 51–75%
(3), and >75% (4). The intensity of the staining was divided into
four grades (intensity scores): no staining (0), light brown (1),
brown (2), and dark brown (3). CD147 and Sp1 staining positiv-
ity was determined using the following formula: overall
score = percentage score · intensity score. An overall score of
£1, >1 to £3, >3 to £6, and >6 was defined as negative, weak
positive, moderate positive, and strong positive, respectively.(24)

Cell lines and culture conditions. The following human lung
cancer cell lines were used in this study: A549 (lung adenocarci-
noma cells), SK-MES-1 (lung squamous cell carcinoma cells),
NCI-H292 (lung mucoepidermoid pulmonary carcinoma cells),
NCI-H446 (small-cell lung cancer cells), NCI-H460 (large-cell
lung cancer cells), 95-D (human highly metastatic lung adeno-
carcinoma cells), and SPC-A-1 (lung adenocarcinoma cells).
HEK-293 cells was were in transfection and the luciferase assay.
All cell lines were purchased from the Shanghai Institute for
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Table 1. Oligonucleotide sequence of PCR primers and siRNA fragments

Primers for real-time quantitative RT-PCR

CD147 5¢-TCGCGCTGCTGGGCACC-3¢ 5¢-TGGCGCTGTCATTCAAGGA-3¢
Sp1 5¢-AATTTGCCTGCCCTGAGTGC-3¢ 5¢-TTGGACCCATGCTACCTTGC-3¢
GAPDH 5¢-AGCAATGCCTCCTGCACCACCAAC-3 5¢-CCGGAGGGGCCATCCACAGTCT-3¢
Primers used for the generation of CD147 promoter ⁄ reporter and mutagenesis constructs

CD147P()1761 ⁄ +37) 5¢-ATCGGCTAGCGGTCTAGAGGATCCCACCCTTCT-3¢ (Nhe I) 5¢-ATCGAAGCTTGATTCCTATT

CCTCGCCGGT-3¢ (Hind III)CD147P()1273 ⁄ +37) 5¢-ATCGGCTAGCTTCGGCTTAGTCTGCGGTCCTC-3¢
CD147P()1018 ⁄ +37) 5¢-ATCGGCTAGCGTAACCGCCAGCCTCTCCTGA-3¢
CD147P()644 ⁄ +37) 5¢-ATCGGCTAGCCCAACCAAATGGTGCACAGGAC-3¢
CD147P()338 ⁄ +37) 5¢-ATCGGCTAGCCTGGGTAACACACTTTCAACGCTTC-3¢
CD147P()217 ⁄ +37) 5¢-ATCGGCTAGCCCGTTTCCTAGCAACGCCG-3¢
CD147P()178 ⁄ +37) 5¢-ATCGGCTAGCGGATTCCGTAGCGTGAGCC-3¢
CD147P()108 ⁄ +37) 5¢-ATCGGCTAGCCGACCGGCGTCCCCGGCGCT-3¢
CD147P()42 ⁄ +37) 5¢-ATCGGCTAGCGCCTCCGCCGCTTTTTATAG-3¢
CD147P()108 ⁄ +37Sp1mt) 5¢-GGCGTCCCCGGCGCTAGACCCGCCCCCGAGATG-3¢ 5¢-CATCTCGGGGGCGGGTCTAGCGCC

GGGGACGCC-3¢
Primers used for Sp1 expression vector construct

Sp1 5¢-ATCGGGTACCATGAGCGACCAAGATCACTCCAT-3¢ (KpnI) 5¢-ATCGCTCGAGTCAGAAGCCATTGCC

ACTGATAT-3¢ (Xho I)

siRNA designed to target Sp1

Sp1-si320 5¢-AAUGAGAACAGCAACAACUtt-3¢ 5¢-AGUUGUUGCUGUUCUCAUU tt-3¢
Sp1-si590 5¢-CCUGGAGUGAUGCCUAAUAtt-3¢ 5¢-UAUUAGGCAUCACUCCAGG tt-3¢
Primers for ChIP assay promoter-specific PCR

CD147 5¢-ACATATGAGCTCGAAGCGCCGGAAG-3¢ 5¢-TAATAGCGGCCGCGAGGTGAGAAC-3¢

Fig. 1. Differential expression of CD147 in lung cancer tissues.
Expression of CD147 was detected by immunohistochemical staining
analysis in lung cancer tissues. Pictures of representative areas are
presented at different staining intensity (negative, weak, moderate,
and strong). Scale bars, 50 lm.
Biological Sciences (Shanghai, China). All cell lines were
routinely cultured in RPMI-1640 medium (Hyclone Laborato-
ries, Logan, UT, USA) supplemented with 10% fetal calf serum
(Gibco, Rockville, MD, USA) at 37�C in a humidified atmo-
sphere of 5% CO2.

Construction of reporter plasmids and mutagenesis. The 5¢
region ()1761 to +37, relative to the transcription start site of
the CD147 gene) of the CD147 gene was amplified by PCR
using the Advantage-GC Genomic PCR kit (Clontech, Palo
Alto, CA, USA) and inserted into the pGL3-Basic vector (Pro-
mega, Madison, WI, USA). Nested deletions of the CD147 pro-
moter region were carried out using the plasmid P()1761 ⁄ +37)
as the template for PCR amplifications, and the sequences of the
products were sequenced by Shanghai Sangon (Shanghai,
China). The sequences of all PCR primers are listed in Table 1.

To generate site-directed mutants of Sp1 binding element at
)108 to +18, the QuickChange mutagenesis kit (Stratagene, La
Jolla, CA, USA) was used according to the manufacturer’s
instructions. The primers (mutations are shown in bold and italic
throughout) for mutation of the Sp1 elements are listed in
Table 1. The incorporation of mutation was verified by sequenc-
ing (Shanghai Sangon).

Transfection and luciferase assay. Wild-type or mutant
CD147 promoter plasmids containing firefly luciferase reporters
were cotransfected in triplicate with an internal control pRL-TK
(Promega) using Lipofectamine 2000 reagent (Invitrogen, Carls-
bad, CA, USA) following the manufacturer’s protocol. The
pRL-TK contained a full length renilla luciferase gene under the
control of a human b-actin promoter. The amount of co-trans-
fected Sp1 was as indicated in the figures. Mithramycin A
(Sigma, St. Louis, MO, USA) was added 10 h before harvesting
the cells. Forty-eight hours after transfection, cells were assayed
for luciferase activity using a Dual-Luciferase Reporter assay
system (Promega).

Real-time quantitative RT-PCR. Total RNA was isolated from
cultured cells using TRIzol reagent (Invitrogen) according to the
manufacturer’s instructions. Reverse transcription was carried
out using a ReverTra Ace reagents kit (Toyobo, Osaka, Japan).
Real-time quantitative PCR was performed using a MiniOpticon
1464
real-time PCR detection system (Bio-Rad, Hercules, CA, USA)
in SYBR Green mastermix (Takara, Otsu, Japan). The annealing
temperature was 60�C for CD147 and GAPDH and 58�C for
Sp1. All data were analyzed using Opticon Monitor software
(version 3.1; Bio-Rad) and the expression of CD147 was calcu-
lated as relative expression level to GAPDH using the delta-Ct
doi: 10.1111/j.1349-7006.2010.01554.x
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method as described previously.(25) The sequences of all PCR
primers are listed in Table 1.

Western blot analysis. Cell samples were lysed with RIPA
buffer (Beyotime, NanTong, China). Equal amounts (10 lg) of
total protein were loaded, and then subsequently immunoblotted
with the primary antibodies, including CD147 monoclonal anti-
body prepared in our lab,(22) anti-Sp1 (sc-59; Santa Cruz Bio-
technology, Santa Cruz, CA, USA) and anti-tubulin monoclonal
antibody (NeoMarkers, Freemont, CA, USA). The proteins were
detected using the Amersham enhanced chemiluminescence
system (Pierce, Rockford, IL, USA) according to the manufac-
turer’s instructions.

Chromatin immunoprecipitation (ChIP) assay. ChIP assay was
carried out using the ChIP-IT kit (Active Motif, Carlsbad, CA,
USA) according to the manufacturer’s protocol. Briefly, SK-
MES-1 and 95-D cells were fixed with formaldehyde and then
were sonicated. Immunoprecipitation was carried out with 2 lg
of anti-Sp1 antibody (Santa Cruz Biotechnology) or rabbit IgG
at 4�C overnight with rotation. The purified DNA was amplified
by the promoter-specific primers (Table 1). The PCR products
were analyzed on 1% agarose gel. Three independent experi-
ments were performed.

Sp1 transfection and knockdown. Small-interfering RNAs
designed to knock down Sp1(26,27) and Sp1 eukaryotic expres-
sion vector were transfected into 95-D and SK-MES-1 cells
using Lipofectamine 2000 reagent (Invitrogen) according to the
manufacturer’s instructions, respectively. A final concentration
(a)

(b)

Fig. 2. Identification of the critical promoter region of CD147. (a) Ident
Numbers above the constructs indicate the positions relative to the tran
shown as the luciferase activity relative to that of the pGL3-Basic vect
efficiency by cotransfection with the Renilla expression plasmid and are sh
sequence of the CD147 critical promoter region. The consensus sequences
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of 0.2 lM Sp1 siRNA duplex was transfected into 40% confluent
cells, which were harvested 36–44 h after transfection.

Statistical analysis. Each experiment was performed indepen-
dently at least twice with similar results; one representative
experiment was presented. All statistical analyses were per-
formed using the SPSS 16.0 statistical software package (SPSS,
Chicago, IL, USA). The significance of the data was determined
using Student’s t-test. Spearman’s rho was calculated to analyze
the correlation of CD147 expression and Sp1 expression. All the
statistical tests were 2-sided and P-values of <0.05 were consid-
ered to be significant.

Results

High expression level of CD147 in human lung cancer
tissues. In the first set of experiments, CD147 expression
was evaluated in the primary lung cancer tissue of 47
patients via immunohistochemistry. CD147 was strongly
expressed in 10 (21.28%) cases; moderate, weak, and nega-
tive CD147 expressions were observed in 14 (29.79%), six
(12.76%), and 17 (36.17%) cases, respectively. As shown in
Figure 1, CD147 protein was predominantly localized in
tumor epithelial cells, whereas little was detected in stroma.
We also found that CD147 displayed positive membranous
and cytoplasmic staining. The immunohistochemical results
revealed that 63.83% lung cancer tissues showed CD147-
positive expression.
ification of the critical CD147 promoter region using luciferase assays.
slation start site of CD147. The activity of each promoter construct is
or (a promoter-less vector). Values were normalized for transfection
own as means ± SD for three independent experiments. (b) Nucleotide
for four potential Sp1 binding sites are underlined.
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(a)

(b)

Fig. 3. Analysis of the transcription factor Sp1 binding sites. (a) Identification of the minimal region in the CD147 promoter ()217 ⁄ +37)
necessary for basal CD147 promoter activity. Small-scale deletion mutants according to the four Sp1 binding sites were generated. Luciferase
activity is expressed as the percent activity of the pGL3-Basic vector. Values were normalized for transfection efficiency by cotransfection with
the Renilla expression plasmid and are shown as means ± SD for three independent experiments. (b) Sp1 binding motif was important for CD147
promoter activity. Values of luciferase activities due to the wild-type construct P ()108 ⁄ +37) and the mutated construct P ()108 ⁄ +37Sp1mt) are
shown as means ± SD for three independent experiments, each of which was performed using triplicate samples. Mutations are shown in bold
above the histogram.
Identification of the critical promoter region of CD147. To
investigate the transcriptional regulation of the CD147 gene, we
identified the promoter region of this gene. Based on the previ-
ous reports,(28) we first constructed a luciferase reporter plasmid
P()1761 ⁄ +37) that contained a 1798-bp genomic DNA fragment
spanning the 5¢ upstream region of CD147. The cloned fragment
exhibited obvious promoter activity, indicating that an active
promoter sequence was isolated (Fig. 2a). Next, we developed a
series of deletion constructs to identify the minimal promoter
required for activation. Deletion of nucleotides from )338 to
)217 on the 5¢-end led to moderated reduction of transcription
activities; however, deletion in the CD147 region from )217 to
+37 completely abolished the activity of the reporter gene. Thus,
the most critical region for the basal transcriptional activity of
the CD147 promoter is located within this 254-bp region
between positions )217 to +37 (Fig. 2a). The nucleotide
sequence of the critical promoter region is shown in Figure 2(b).
With the assistance of the TRANSFAC database, four Sp1 bind-
ing sites were found in the critical promoter of CD147.

Analysis of the transcription factor Sp1 binding sites. Sp1
was known to play a role in the regulation of genes lacking a
functional TATA box. The presence of numerous Sp1 binding
sites in the critical promoter region of CD147 suggested that
Sp1 might be involved in the regulation of CD147 activity. To
further define the role of Sp1 in CD147 transcriptional regula-
tion, small-scale deletion mutants according to the four Sp1
binding sites were generated. Deletion of the region from )108
to )42 totally abrogated the promoter activity (Fig. 3a), which
suggested that the region around )108 to )42 containing the
third Sp1 binding site has the minimal essential elements to
confer constitutive CD147 promoter activity.

To determine whether the Sp1-binding element is important
in CD147 promoter activity, we generated a construct of
1466
CD147P()108 ⁄ +37Sp1mt) that contained mutations in the Sp1-
binding site by site directed mutagenesis. The promoter activity
was completely abolished upon the mutations of the third Sp1
binding site (Fig. 3b). These results strongly indicate that Sp1
regulates CD147 promoter activity through one Sp1 binding site
which is important to attain maximum activity.

Activation of the CD147 promoter activity by Sp1. Then, we
cotransfected the CD147P()108 ⁄ +37) wild-type construct and
increasing amounts of Sp1-expressing plasmid. We found a
dose-dependent increase in reporter activity (Fig. 4a). Moreover,
we analyzed the effects of mithramycin A, a drug known to
modify GC-rich regions of the DNA and to inhibit Sp1 bind-
ing.(29) As shown in Figure 4(b), treatment with mithramycin A
down-regulated the activity of CD147. Collectively, these
results suggest a role for Sp1 in regulating CD147 promoter.

CD147 and Sp1 expression in human lung cancer cell lines. A
variety of established human lung cancer cell lines were cultured
in vitro to determine the CD147 and Sp1 expression levels. We
measured the steady-state level of CD147 mRNA by real-time
quantitative RT-PCR. As shown in Figure 5(a), all of the cell
lines expressed a detectable level of CD147 mRNA. Specifi-
cally, NCI-H460, 95-D, NCI-H446, and NCI-H292 cells
expressed a relatively high level of CD147 mRNA, whereas
SK-MES-1, SPC-A-1, and A549 cells expressed a relatively low
level of CD147 mRNA. Similar results were also observed in
western blot analysis, indicating that the level of CD147 protein
secretion (Fig. 5b) was correlated with the steady-state level of
CD147 mRNA (Fig. 5a).

Because of the role of Sp1 in regulating CD147 promoter
activity, we sought to clarify whether the differential CD147
expression was due to the different level of Sp1 expression.
Expressions of both mRNA and protein of Sp1were determined.
As shown in Figure 5, a high level of Sp1 mRNA and protein
doi: 10.1111/j.1349-7006.2010.01554.x
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Fig. 4. Sp1 up-regulates the activity of CD147. (a) CD147 promoter
()108 ⁄ +37) was cotransfected with indicated amount of Sp1. Empty
vectors were added to ensure a constant input of DNA. (b) CD147
promoter ()108 ⁄ +37) was transfected with mithramycin A at the
indicated concentrations. Luciferase activity for both (a) and (b) is
expressed as the percent activity of the pGL3-Basic vector. Values were
normalized for transfection efficiency by cotransfection with the
Renilla expression plasmid and are shown as means ± SD for three
independent experiments. *P < 0.05, assessed by Student’s t-test.
were detected in NCI-H460, 95-D, NCI-H446, and NCI-H292
cells constitutively expressing a high level of CD147, whereas a
low level of Sp1 mRNA and protein were detected in SK-MES-
1, SPC-A-1, and A549 cells constitutively expressing a low of
CD147. These results suggested that different CD147 expression
levels may due to the Sp1 expression.

Determination of the specific binding of Sp1 to the CD147
promoter region. To directly demonstrate that Sp1 bind to the
putative binding site within the critical CD147 promoter region,
ChIP assays were performed in CD147-low-expressing SK-
MES-1 cells and CD147-high-expressing 95-D cells. We found
that Sp1 bound to the CD147 promoter region but at signifi-
cantly different levels. Very weak Sp1 binding was observed in
SK-MES-1 cells, whereas strong Sp1 binding was shown in 95-
D cells (Fig. 5c). The ChIP results demonstrated that Sp1 bound
specifically to the Sp1-binding site in the CD147 critical pro-
moter region and cells with higher CD147 expression bound
more Sp1 protein.
Kong et al.
Involvement of Sp1 in regulating CD147 expression. To illus-
trate the biological importance of Sp1 in CD147 gene regula-
tion, we used RNA interference to knock down Sp1 expression
in 95-D with a high level of CD147 expression. In contrast, we
used transient transfection to up-regulate the Sp1 expression in
SK-MES-1 with low level of CD147 expression. Then the
CD147 mRNA and protein expressions were examined by RT-
PCR and western blot analysis. As shown in Figure 6(a),
strongly reduced Sp1 mRNA and protein levels were observed,
whereas control siRNA had no effect on Sp1 level. Meanwhile,
the expression of endogenous CD147 RNA and protein
(Fig. 6a) were effectively blocked by Sp1 siRNA transfection.
In contrast, the expressions of Sp1 mRNA and protein were
dramatically increased after transfection of the Sp1 eukaryotic
expression plasmid in SK-MES-1 cells, and this up-regulated
expression of Sp1 resulted in a significant improvement in
CD147 mRNA and protein expressions (Fig. 6b). These data
demonstrate the involvement of Sp1 in regulating the human
CD147 gene.

Correlation between Sp1 and CD147 expression in lung cancer
tissues. To determine the biological relevance of Sp1-mediated
expression of CD147, Sp1 expression was also determined in
the same 47 human lung cancer tissues. Sp1 protein was pre-
dominantly localized in cell nucleus. Sp1 was strongly
expressed in 19 (40.43%) cases; moderate, weak, and negative
Sp1 expressions were observed in 12 (25.53%), six (12.76%),
and 10 (21.28%) cases, respectively. The immunohistochemical
results revealed that 78.72% of lung cancer tissues showed Sp1-
positive expression. The representative staining of Sp1 is shown
in Figure 7(a). Correlation analysis indicated that there was a
significant positive correlation between Sp1 and CD147 expres-
sion levels with a correlation coefficient (r) = 0.831 and R2

linear = 0.6905 (Fig. 7b). These data demonstrated clearly that
constitutive expression of the transcription factor Sp1 contrib-
utes to CD147 overexpression, and hence to metastasis and
progression of human lung cancer.

Discussion

In our study, we demonstrated that the majority of the human
lung cancer tissues and cell lines studied expressed CD147, but
the expression level was differential. The CD147 expression
appeared to result from its promoter activity, which correlated
directly with the expression and activity of the transcription fac-
tor Sp1. There was a significant positive correlation between
CD147 expression and Sp1 expression level. These findings sug-
gest that elevated Sp1 activity is essential for CD147 expression
in human lung cancer.

Our previous study systematically evaluated the CD147
expression profile in human normal and tumor tissues from 14
organs and found that epithelium-derived carcinoma exhibited
an overall CD147 positivity rate of 67.76%, while that of sarco-
mas was 27.34% and that of normal epithelial tissues was only
5.18%.(12) In our study, CD147 expression was evaluated in 47
lung cancer tissues. CD147 was positively expressed in 63.83%
lung cancer tissues, which was consistent with previous studies.
But the expression level of CD147 was differential. Little is cur-
rently known about the transcriptional regulation leading to
CD147 differential expression. Given the prominent role of
CD147 in tumor progression,(30–32) it is critical to understand
the molecular basis of CD147 gene expression. The gene expres-
sion has been shown to be dynamically regulated by many fac-
tors at both the transcriptional and post-transcriptional level.
Among these mechanisms, the transcription factors seem to play
the most crucial roles in gene regulation.(23) In the present study,
we aimed at defining the cis-acting elements and transcription
factors involved in CD147 expression in human lung cancer
cells.
Cancer Sci | June 2010 | vol. 101 | no. 6 | 1467
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(a) (b)

(c)

Fig. 5. CD147 and Sp1 expression in human lung
cancer cell lines. (a) mRNA expression of CD147 and
Sp1 detected by real-time quantitative RT-PCR in
seven lung cancer cell lines. The GAPDH gene was
used as an internal control. (b) CD147 and Sp1
protein expression were determined by western
blotting with tubulin as an internal control. (c) The
binding of Sp1 to the CD147 promoter in vivo. ChIP
assay using antibody against Sp1 was performed in
SK-MES-1 and 95-D cells. The normal rabbit IgG was
used as a negative control and input indicates 5%
input DNA, a positive amplification control.

(a) (b)

Fig. 6. Involvement of Sp1 in regulating CD147
expression. (a) The 95-D cell was transfected with
siRNA targeting Sp1. (b) The SK-MES-1 cell was
transfected with Sp1 expression vector. RT-PCR and
western blot analysis were used to detect the Sp1
and CD147 mRNA and protein expression levels.
Control siRNA was used as negative control.
Functional analysis of the human CD147 promoter was ini-
tially performed. By using 5¢ flanking region-luciferase fusion
plasmids, we identified the critical CD147 promoter as a 254-bp
region located between the base pairs )217 to +37 that con-
tained four Sp1 binding sites. Sp1 is a well-characterized,
sequence-specific, DNA-binding protein that is important in the
transcription of many cellular and viral genes that contain GC
boxes in their promoter.(33) Sp1 regulates many aspects of
cancer biology, including cell growth, survival, invasion, angio-
genesis, and metastasis.(34–36) The Sp1 binding sites located in
1468
CD147 promoter activity have led us to hypothesize that
transcription factor Sp1 may play an important role in CD147
gene regulation.

We therefore focused our current study of CD147 expression
on this critical region of the CD147 promoter. Small-scale dele-
tion of the CD147P ()217 ⁄ +37) reporter plasmid revealed that
the proximal 66-bp region ()108 to )42) is essential for CD147
promoter activity, which suggested that the region containing
the third Sp1 binding site has the minimal essential elements to
confer constitutive CD147 promoter activity. To define the con-
doi: 10.1111/j.1349-7006.2010.01554.x
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(a)

(b)

Fig. 7. Correlation between Sp1 expression and CD147 expression in
lung cancer tissues. (a) The differential expression of Sp1 in lung
cancer tissues. Expression of Sp1 was detected by
immunohistochemical staining analysis. Pictures of representative
areas are presented at different staining intensity (negative, weak,
moderate, and strong). Scale bars, 50 lm. (b) Analysis for correlation
of Sp1 and CD147 expression in lung cancer tissues by calculating
Sperman’s rho method.

Kong et al.
tribution of the Sp1 binding element to CD147 promoter activ-
ity, site-directed mutagenesis was performed. The activity of the
CD147 promoter was greatly reduced; this finding demonstrated
a crucial role of the Sp1 binding site in CD147 promoter activ-
ity. Then, we cotransfected the CD147P ()108 ⁄ +37) wild-type
construct and increasing amounts of Sp1-expressing plasmid.
We found a dose-dependent increase in reporter activity. More-
over, we found that treatment with mithramycin A down-regu-
lated the activity of CD147. Collectively, these results suggest a
role for Sp1 in regulating the CD147 promoter.

Finally, we compared Sp1 and CD147 expression in different
lung cancer cells. We found that the level of CD147 mRNA and
protein expressions directly correlated with Sp1 mRNA and
protein expressions. We found a high level of Sp1 protein in the
cells expressing a high level of CD147, whereas a low level of
Sp1 protein was seen in the cells expressing a low level of
CD147. The ChIP results demonstrated that Sp1 bound specifi-
cally to the Sp1-binding site in the CD147 critical promoter
region and cells with higher CD147 expression bound more Sp1
protein. We further confirmed the role of Sp1 in the regulation
of CD147 through down-regulating Sp1 expression by RNA
interference or up-regulating Sp1 expression by cotransfected
expression plasmid. Consistent with our reporter assays demon-
strating a crucial role for Sp1 in CD147 promoter activity,
changing Sp1 expression dramatically influenced CD147 expres-
sion. Data from lung cancer tissues were consistent with these
biochemical findings. Most of the human lung cancer specimens
overexpressed Sp1 protein; this was determined by immuno-
staining and correlated directly with CD147 overexpression.
Because CD147 is a key cancer-related antigen, it is expected
that overexpression of Sp1 and subsequent overexpression of
CD147 may play an important role in lung cancer metastasis
and progression.

In summary, our present study was the first to demonstrate
that differential Sp1 expression and activity directly regulate the
levels of CD147 expression in human lung cancer, thus provid-
ing a novel mechanism for CD147 regulation. A further under-
standing of the molecular basis of Sp1 in CD147 regulation will
have functional implications in suppressing lung cancer progres-
sion and will ultimately lead to the design of new therapeutic
modalities.
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