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Abstract: Inhibitor of DNA binding/differentiation (Id2) is an important regulator involved in the initiation and pro-
gression of cancer. However, the function and mechanism of the regulation of Id2 in hepatocellular carcinoma 
(HCC) was unclear. In the present study, we found that the overexpression of Id2 increased HCC cell proliferation in 
vitro and in vivo. Knockdown of Id2 inhibited HCC cell proliferation in vitro and in vivo. Furthermore, knockdown of 
Id2 enhanced sorafenib-induced apoptosis in HCC. Conversely, overexpression of Id2 weakened sorafenib-induced 
apoptosis in HCC. In addition, the transcription factor CCAAT/enhancer-binding protein alpha (C/EBPα) bound to the 
Id2 promoter and decreased its expression in HCC cells. Therefore, all results suggest that Id2 promotes the prolif-
eration of HCC cells by inhibiting cell apoptosis. Id2 may serve as a potential target in HCC therapy.
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Introduction

Hepatocellular carcinoma (HCC) has a poor 
prognosis and high mortality rate worldwide [1]. 
Surgery is the main means of treating HCC, 
while frequent recurrence and metastasis have 
become critical issues. It has been widely ac- 
cepted that the occurrence, progression and 
prognosis of HCC may be accompanied by com-
plex molecular alterations, including genetic 
and epigenetic changes [2]. Therefore, it is nec-
essary to explore the function and mechanisms 
that are involved in the progression of these 
tumors.

Inhibitor of DNA binding/differentiation (Id) pro-
teins act as a negative regulators of the basic 
helix-loop-helix (bHLH) type of transcription fac-
tors by forming heterodimers [3]. Studies have 
shown that bHLH factors are critically involved 
in diverse types of tissue-specific differentia-
tion and cellular functions [4]. Therefore, Id pro-
teins play a wide array of biological roles in cell 
proliferation, differentiation and development, 
as well as oncogenesis. Four members of the Id 

protein family (Id1-Id4) have been identified in 
humans [3, 5]. Recent studies have shown that 
Id2 expression is correlated with the prognosis 
of patients [6]. Id2 may be a potential target for 
cancer diagnosis and treatment [7, 8]. Id2 is 
involved in cell-cycle progression through inter-
acting with the retinoblastoma protein (RB) [9, 
10]. In Rb mutant mice, the tumor formation 
rate of Id2-/- mice was significantly lower than 
that of the control group [11]. Id2 regulates 
invasion and migration by interacting with Snail 
in TNF-α-induced oral squamous cell carcinoma 
cells [12]. However, the function of Id2 remains 
controversial in HCC. Studies have shown that 
Id2 promotes the proliferation and metastasis 
of HCC cells [13, 14]. Nevertheless, Id2 has 
been correlated with less portal vein invasion 
and a better prognosis in HCC patients. The- 
refore, the function of Id2 needs to be reas- 
sessed in HCC.

Although abnormal Id2 expression is found in 
many human tumors, such as breast cancer, 
bladder cancer, pancreatic cancer, colorectal 
cancer and HCC, suggesting that it might be a 
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possible prognostic marker for tumor patients, 
little is known regarding the regulatory mecha-
nism of Id2 in HCC [7, 15-17]. Previous studies 
have shown that hypoxia-inducible factor-1 
(HIF-1), p53 and CCAAT/enhancer-binding pro-
tein beta (C/EBPβ) regulate Id2 expression in 
neuroblastoma cells, neural progenitor cells 
and NIH3T3 cells, respectively [18-20]. How- 
ever, the molecular mechanism of the regula-
tion of Id2 in HCC remains unclear. For this rea-
son, it is important to elucidate the mech- 
anism(s) of the regulation of Id2 in HCC.

Materials and methods

Cell lines and cell culture

The human HCC cell line Huh7 was purchased 
from Riken BRC Cell Bank (Japan). The SMMC-
7721 cell line was provided by the Cell Bank of 
the Institute of Biochemistry and Cell Biology 
(Shanghai, China). The Li-7 cell line was pur-
chased from Shanghai Sixin Biotechnology Co. 
(Shanghai, China), and the HEK 293T, SK-Hep-1 
and PLC/PRF/5 cell lines were purchased from 
the American Type Culture Collection (ATCC, 
USA). All of these cell lines were continuously 
cultured in Dulbecco’s modified Eagle’s medi-
um (Sigma-Aldrich, USA) containing 10% fetal 
bovine serum (FBS) (Gibco, New York, USA), 
100 IU/ml penicillin G and 100 μg/ml strepto-
mycin (Sigma-Aldrich, USA). The cell lines were 
incubated at 37°C under a humidified atmo-
sphere with 5% CO2.

Quantitative real-time RT-PCR

The total RNA of cells or tissues was extracted 
using the TRIzol reagent according to the manu-
facturer’s instructions (Invitrogen, Carlsbad, 
CA, USA) and was reversed transcribed to cDNA 
using a PrimeScriptTM RT Reagent (TaKaRa, 
Japan). Quantitative real-time RT-PCR (qRT-
PCR) analyses were carried out as previously 
described using an ABI Prism 7500 System 
(Applied Biosystems, Carlsbad, CA, USA) with 
SYBR Premix Ex Taq (Takara, Dalian, China) 
[21]. The primers used for the qPCR of the ref-
erenced genes are shown in Supplementary 
Table 1.

Western blot analysis

Total protein was extracted from fresh cells 
that were lysed in RIPA buffer (Thermo Sci- 
entific, MA, USA) supplemented with protease 

inhibitor and phosphatase inhibitor (Roche, 
Welwyn Garden, Switzerland), and the protein 
was quantified using the BCA reagent. Then, 
the protein was separated by sodium dode- 
cyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and electroblotted onto 0.2 μm 
polyvinylidene difluoride (PVDF) membranes 
(Merck Millipore, USA). Antibody information is 
listed in Supplementary Table 2.

Plasmid construction

The full-length human Id2 open reading frame 
cDNA sequence was generated from cDNA 
derived from cells using specific primers (for-
ward: 5’-ATGAAAGCCTTCAGTCCCG-3’ and re- 
verse: 5’-TCAGCCACACAGTGCTTT-3’) and was 
cloned into the lentiviral vector pWPXL (Ad- 
dgene, Cambridge, UK). A C/EBPα plasmid 
tagged with FLAG was purchased from Gene- 
chem (Shanghai, China). All promoter sequenc-
es were cloned into the pGL3-basic vector 
(Promega, Madison, WI, USA). The primer infor-
mation is listed in Supplementary Table 3.

RNA interference

Short hairpin RNA (shRNA) for Id2 and a gene- 
ral negative control (NC) were synthesized by 
Genechem (Shanghai, China). The fragments 
were designed to target Id2 transcripts. Two 
target sequences of Id2 were selected: 5’-GA- 
AGGTGAGCAAGATGGAA-3’ and 5’-GACGACTAC- 
ATTGAACAA-3’.

Lentivirus production and cell transduction

Viral packaging was performed in HEK 293T 
cells after the cotransfection of the Id2 vector 
or the shId2 vector with the packaging plasmid 
psPAX2 and the envelope plasmid pMD2.G 
(Addgene) using Lipofectamine 2000 (Invitro- 
gen) according to a previously described proto-
col [22]. SMMC-7721, li-7, Sk-Hep1, PLC/PRF/5 
and Huh7 cells were infected with 1×106 recom-
binant lentivirus-transducing units in the pres-
ence of 6 μg/ml polybrene (Sigma).

Cell viability assay

One thousand cells per well were seeded into a 
96-well plate. On the second day, 10 μl MTT 
reagent (5 mg/ml, Sigma-Aldrich, USA) per well 
was added to medium of the cells. After incu-
bating for 4 h at 37°C, the medium was dis-
carded, and the formazan was dissolved in 100 
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μl DMSO (Sigma-Aldrich, USA). The absorbance 
at 490 nm was read by means of a Thermo 
Scientific Microplate Reader. Each experiment 
was performed in triplicate.

Colony formation assay

Six-well plates were seeded with 1×103 cells 
per well, and the medium was renewed every 
three days. After 2 weeks, the cells in the plates 
were washed twice with PBS and fixed with 
formaldehyde solution for 30 minutes. Then, 
the cells were stained with Giemsa (Sigma-
Aldrich, USA). Each experiment was performed 
in triplicate.

Apoptosis assay

HCC cells were washed twice with PBS and cen-
trifuged. The cells were then suspended in 100 
μl binding buffer, and 5 μl PE-conjugated 
Annexin-V and 5 μl 7-AAD were added. The cells 
were incubated for 30 min on ice in the dark. 
Flow cytometric analysis was used to detect 
apoptotic cells. The percentage of apoptotic 
cells was determined by using the FlowJo soft-
ware 7.6 (Treestar, USA). Each experiment was 
performed in triplicate.

Luciferase assay

Cells were seeded into 96-well plates and 
grown to approximately 80% confluency on the 
second day. Next, the relevant reporter plas-
mids and the PRL-TK reporter were transiently 
cotransfected into the cells. After forty-eight 
hours, firefly luciferase activity and Renilla 
activity were determined. The ratio of firefly 
luciferase activity to Renilla activity was regard-
ed as indicating the activity of the gene pro- 
moters. Each experiment was performed in 
triplicate.

Chromatin immunoprecipitation (ChIP) assay

Chromatin immunoprecipitation assay assays 
were performed using a ChIP assay kit accord-
ing to a previously described protocol [23]. 

Cells were cross-linked with 10% formaldehyde 
and reversed with 1 M glycine. Cells were col-
lected and lysed. The cells were then suspend-
ed in buffer to lyse the nuclei, and the nucleic 
acid was fragmented using an ultrasonic cell 
disruptor. Rabbit anti-FLAG or rabbit IgG was 
added along with protein A/G-agarose beads 
(Sigma), and the samples were incubated over-
night at 4°C to immunoprecipitate the DNA-
containing complexes. After washing, the DNA 
was isolated from the agarose beads and used 
for PCR analysis. The primer information is list-
ed in Supplementary Table 1.

Tumor xenograft models

Six- to 8-week-old male nude mice were ran-
domly divided into two groups. To establish the 
liver orthotropic model, 1×106 experimental or 
control cells for each mouse were suspended in 
serum-free DMEM mixed with an equal volume 
of Matrigel (BD Biosciences) and orthotopically 
injected into the left hepatic lobe. All the mice 
were sacrificed after 6-8 weeks. Xenograft tu- 
mors were collected and weighed. Tumor tis-
sues were analyzed by H&E staining and west-
ern blot analysis. All of the animal experiments 
were approved by the Institutional Animal Care 
and Use Committee of the Shanghai Jiao Tong 
University School of Medicine.

Statistical analysis

Statistical analyses were performed using the 
SPSS 19.0 software. The results are presented 
as the mean ± S.D., and two-group compari-
sons were evaluated using Student’s t-test. 
Multiple group comparisons were evaluated 
using a one-way ANOVA. P<0.05 was consid-
ered significant.

Results 

Overexpression of Id2 promotes the prolifera-
tion of HCC cells in vitro and in vivo

To verify a role for Id2 in HCC cells, HCC cell 
lines stably overexpressing Id2 (SMMC-7721, 

Figure 1. Overexpression of Id2 promotes the proliferation of HCC cells in vitro and in vivo. A. Western blot analysis 
of Id2 expression in HCC cell lines. B. Expression of Id2 was detected by real-time PCR assays in Id2-overexpressing 
HCC cells. C. Expression of Id2 was detected by western blot analysis in Id2-overexpressing HCC cells. D. A colony 
formation assay was performed with Id2-overexpressing or control HCC cells. E. A cell growth assay was performed 
with Id2-overexpressing or control HCC cells. F. The overexpression of Id2 promoted SMMC-7721 and Li7 cell pro-
liferation in vivo. The weight of the liver is shown in the right panel. G. qRT-PCR and western blot analysis of Id2 
expression in the SMMC-7721 and Li7 cell-derived xenograft samples. *P<0.05; **P<0.01.
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SK-Hep-1 and Li-7) were established using  
lentiviral infection according to the endogen- 
ous expression levels of Id2 in HCC cells (Fi- 
gure 1A-C). MTT and colony formation assays 
showed that the overexpression of Id2 promot-
ed HCC cell proliferation in vitro (Figure 1D and 
1E).

To confirm the function of Id2 in vivo, SMMC-
7721 and Li7 cells that overexpressed Id2 or 
control cells were inoculated into the hepatic 
lobes of nude mice. After 8 or 4 weeks, the 
weight of the liver was significantly increased in 
the Id2-overexpressing group compared with 
the control group (Figure 1F). Furthermore, the 
expression of Id2 in the tumor tissues separat-
ed from 4 mice was still higher than that in the 
control group based on real-time PCR and west-
ern blot assays (Figure 1G). Therefore, our 
results suggest that the overexpression of Id2 
promotes the proliferation of HCC cells in vitro 
and in vivo.

Knockdown of Id2 inhibits the proliferation of 
HCC in vitro and in vivo

To analyze the effect of Id2 knockdown on  
cell proliferation, the stable knockdown of Id2 
was established in HCC cell lines (PLC/PRF/5 
and Huh7) using lentivirus shRNA constructs 
targeting Id2 (Figure 2A and 2B). The Results 
showed that the knockdown of Id2 inhibited cell 
proliferation and colony formation capacity 
(Figure 2C and 2D).

To confirm the function of Id2 in vivo, Id2-
knockdown Huh7 and PLC/PRF/5 cells or con-
trol cells were inoculated into the hepatic lobes 
of nude mice. After 8 or 5 weeks, the weight of 
the liver was significantly decreased in the Id2-
knockdown group compared with the control 
group (Figure 2E). Furthermore, the expression 
of Id2 in the tumor tissues separated from 4 
mice was still lower than that in the control 
group based on real-time PCR and western blot 
assays (Figure 2F). Therefore, our results indi-
cate that the knockdown of Id2 inhibits the pro-
liferation of HCC cells in vitro and in vivo.

Knockdown of Id2 enhances sorafenib-in-
duced apoptosis

The above results showed that the knock- 
down of Id2 inhibited HCC cell proliferation. 
Therefore, we determined the effect of Id2 on 
cell apoptosis. Our results showed that the 
knockdown of Id2 increased cell apoptosis 
compared with the control (Figure 3A). Me- 
anwhile, the levels of the apoptosis-associat- 
ed protein cleaved caspase 3 were markedly 
increased in the Id2-knockdown cells (Figure 
3B). Conversely, the overexpression of Id2 
decreased cell apoptosis in HCC cells (Figure 
3C), and cleaved caspase 3 levels were mark-
edly decreased in the Id2-overexpressing cells 
(Figure 3D). Therefore, these results suggest 
that Id2 increases cell proliferation by inhibiting 
apoptosis.

The multikinase inhibitor sorafenib is the only 
FDA-approved treatment for HCC. Therefore, 
we asked if the inhibition of Id2 would sensitize 
HCC cells to sorafenib treatment. The results 
showed that the knockdown of Id2 significant- 
ly enhanced sorafenib-induced cell apoptosis 
(Figure 4A). Conversely, the overexpression of 
Id2 decreased sorafenib-induced cell apopto-
sis (Figure 4B). Meanwhile, the knockdown of 
Id2 enhanced cleaved caspase 3 levels in the 
sorafenib-treated cells, while the overexpres-
sion of Id2 decreased cleaved caspase 3 levels 
in the sorafenib-treated cells (Figure 4C). Th- 
erefore, these results suggest that the knock-
down of Id2 sensitizes HCC cells to sorafenib 
treatment.

C/EBPα binds to the Id2 promoter and inhibits 
Id2 expression in HCC cells

To analyze the regulatory mechanism of Id2 in 
HCC, we performed a reporter assay to identify 
the regulatory elements that control Id2 tran-
scription. The results of assays with deletion 
constructs showed that luciferase activity was 
decreased in the -102/+360-bp construct com-
pared with the -1044/+360-bp, -747/+360-bp 
and -164/+360-bp constructs, suggesting that 

Figure 2. Knockdown of Id2 inhibits the proliferation of HCC cells in vitro and in vivo. A. Expression of Id2 as de-
tected by real-time PCR in Id2-knockdown HCC cells. B. Expression of Id2 detected by western blot analysis in 
Id2-knockdown HCC cells. C. A cell growth assay was performed in Id2-knockdown or control HCC cells. D. A colony 
formation assay was performed in Id2-knockdown or control HCC cells. E. The knockdown of Id2 inhibited Huh7 and 
PLC/PRF/5 cell proliferation in vivo. The weight of the liver is shown in the right panel. F. qRT-PCR and western blot 
analysis of Id2 expression in the Huh7 and PLC/PRF/5 cell-derived xenograft samples. *P<0.05; **P<0.01.
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Figure 3. Id2 inhibits apoptosis in HCC 
cells. A. Apoptotic cells were assessed by 
flow cytometry following Annexin V/7-AAD 
staining in Id2-knockdown HCC cells. B. 
Cleaved caspase 3 and Id2 were detected 
by western blotting in Id2-knockdown HCC 
cells. C. Apoptotic cells were assessed by 
flow cytometry following Annexin V/7-AAD 
staining in Id2-overexpressing SMMC-7721 
cells. D. Cleaved caspase 3 and Id2 were 
detected by western blotting in Id2-overex-
pressing SMMC-7721 cells. **P<0.01.
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Figure 4. Id2 influences sorafenib-induced HCC cell apoptosis. A. Id2-knockdown Huh7 cells or control cells were treated with sorafenib (0, 15, 30 µM) for 24 h, and 
apoptotic cells were assessed by flow cytometry. B. Id2-overexpressing SMMC-7721 cells or control cells were treated with sorafenib (0, 15, 30 µM) for 24 h, and 
apoptotic cells were assessed by flow cytometry. C. Cleaved caspase 3 and Id2 were detected by western blotting in HCC cells with the overexpression or knockdown 
of Id2. **P<0.01.
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the promoter activity was restricted to -164/ 
+360 bp (Figure 5A). We analyzed the Id2 pro-
moter via three websites that predicted tran-
scription factor binding, including the JASPAR 
database (http://jaspar.genereg.net/), Alggen-
promo (http://alggen.lsi.upc.es) and Gene regu-
lation (http://gene-regulation.com). We found 
that the transcription factor CCAAT/enhancer 
binding protein alpha (C/EBPα) can bind direct-
ly to the promoter of Id2. A luciferase assay 
showed that C/EBPα inhibited Id2 promoter 
activity (-164/+360-bp construct) compared 
with the control. However, C/EBPα did not inhib-
it Id2 promoter activity (-102/+360-bp con-
struct) compared with the control, suggesting 

that the region from -164 bp to -156 bp may be 
the binding site of C/EBPα (Figure 5B). A con-
served C/EBPα binding motif was found at 
position -164 to -156 bp (Figure 5C). However, 
C/EBPα did not decrease the activity of an Id2 
promoter containing a mutation in the putative 
C/EBPα binding site (Figure 5D). Moreover, the 
binding of C/EBPα to Id2 promoters was further 
confirmed by means of a ChIP assay (Figure 
5E). In addition, the overexpression of C/EBPα 
inhibited the expression of Id2 in HCC cells 
(Figure 5F and 5G). Therefore, all of these 
results indicate that C/EBPα binds  to the Id2 
promoter and inhibits Id2 expression in HCC 
cells.

Figure 5. C/EBPα directly modulates Id2 transcriptional activity. A. HEK 293T and PLC/PRF/5 cells were transfected 
with different truncations of Id2 luciferase reporter vectors (-1044/+360, -747/+360, -164/+360 or -102/+360). 
The corresponding relative luciferase activities were determined by a reporter gene assay. B. HEK 293T and PLC/
PRF/5 cells were cotransfected with Id2 luciferase reporter vectors (-1044/+360, -747/+360, -164/+360 or 
-102/+360) and C/EBPα or pWPXL. The corresponding relative luciferase activities were determined by a reporter 
gene assay. C. Potential binding site for C/EBPα in the Id2 promoter identified with the JASPAR database. D. C/EBPα 
or pWPXL and Id2 luciferase reporter vectors (wild-type or mutant C/EBPα-binding sites, -164/+360) were cotrans-
fected into HEK 293T and PLC/PRF/5 cells. The corresponding relative luciferase activities were determined by a 
reporter gene assay. **P<0.01. E. ChIP analysis of C/EBPα (tagged with FLAG) binding to the Id2 promoter. F. PLC/
PRF/5 and Huh7 cells were transfected with C/EBPα or pWPXL, and the expression levels of C/EBPα and Id2 were 
detected by real-time PCR. G. PLC/PRF/5 and Huh7 cells were transfected with C/EBPα or pWPXL, and the expres-
sion levels of C/EBPα and Id2 were detected by western blot analysis.
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Discussion 

Id2 not only plays an important role in embry-
onic development and histological differentia-
tion but is also implicated in tumor proliferation 
[15]. Id2 is overexpressed in breast cancer, 
bladder cancer, pancreatic cancer and colorec-
tal cancer [6, 17, 24, 25]. In this study, we found 
that Id2 promoted HCC cell proliferation in vitro 
and in vivo. Previous studies have shown that 
Id2 promotes the proliferation of cancer cells 
by activating the NF-kappaB/cyclin D1 path- 
way in squamous cell carcinoma [26]. Id2 influ-
ences the potential for tumor metastasis by 
regulating EMT of cancer cells [27]. Our results 
showed that the silencing of Id2 with RNA 
interference induces HCC cell apoptosis. 
Sorafenib is the only FDA-approved treatment 
for advanced HCC, but its use is hampered  
by the occurrence of drug resistance [28]. 
Therefore, the combination of sorafenib with 
other targeted or chemotherapeutic reagents 
can improve the management of HCC. In this 
study, we found that the combination of 
sorafenib with the silencing of Id2 via RNA 
interference significantly promoted HCC cell 
apoptosis, indicating that Id2 may be a promis
ing target for the treatment of HCC.

Although abnormal Id2 expression is found in 
many human tumors, the regulatory mecha-
nism of Id2 is unclear in HCC. The p53 tumor 
suppressor gene product was the first tran-
scription factor that was found to bind to the 
promoter of Id2 [19]. Subsequent studies found 
more transcription factors involved in the tran-
scription of Id2. C/EBPβ negatively regulates 
the expression of Id2 at the transcriptional level 
[20]. In this study, we found that C/EBPα could 
bind to the promoter of Id2 and inhibit its 
expression. C/EBPα is the first transcription 
factor identified in the C/EBP transcription fac-
tor family. Previous studies have suggested 
that C/EBPα is a potential tumor suppressor. A 
C/EBPα short-activating RNA suppresses the 
growth and metastasis of HCC and is currently 
in a phase I clinical trial for patients with liver 
cancer [29, 30]. However, a report by Lu et al. 
has shown that C/EBPα is elevated in some 
patients with HCC and increases HCC cell 
growth [31]. Recent studies have shown that C/
EBPα at Ser193 (Ser190 in the human protein) 
or the mutation of Ser193 to Ala results in a 
modified protein with oncogenic activities [32]. 

Therefore, further studies are needed to in- 
vestigate the role of C/EBPα in HCC.

In conclusion, our study demonstrates that Id2 
promotes HCC cell proliferation by inhibiting 
apoptosis. The knockdown of Id2 enhances 
sorafenib-induced apoptosis in HCC. C/EBPα 
binds to the Id2 promoter and inhibits its 
expression in HCC cells. Thus, Id2 may serve as 
a potential target in HCC therapy.
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Supplementary Table 1. Primers for the qRT-PCR and ChIP
Name Forward (5’-3’) Reverse (5’-3’)
For qRT-PCR
    Id2 TCCCACTATTGTCAGCCTGC AGAAGCCTGCAAGGACAG
    C/EBPα TGTATACCCCTGGTGGGAGA TCATAACTCCGGTCCCTCTG
    GAPDH AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC
For ChIP
    Id2 ATCTTCCCTTCTCTTCCTCCTCCCTCC GCGAGCCCAGCTGGGGTGGTAAATAGA

Supplementary Table 2. Antibodies for Western blot or ChIP
Antibody Clone & host Dilution Company
Id2 SC-489, rabbit IgG 1:100 for WB Santa Cruz
C/EBPα 38311-1-AP, rabbit IgG 1:500 for WB Proteintech
FLAG F2555, rabbit IgG 1:100 for ChIP Sigma-Aldrich
Cleaved caspase 3 CST-9661, rabbit IgG 1:500 for WB Cell signaling
caspase 3 CST-9662, rabbit IgG 1:500 for WB Cell signaling
HRP-β-actin AC-15, rabbit IgG 1:10000 for WB Sigma-Aldrich
HRP-anti Rabbit IgG Goat 1:4000 for WB Sigma-Aldrich

Supplementary Table 3. Primers for promoter cloning
Name Forward (5’-3’) Reverse (5’-3’)
Id2-promoter (-1044 bp/+358 bp) CGACGCGTCAACAACCTCTTGTCCAACTGAC GAAGATCTTGGAAGCGCGAGCCCAGAACTTA
Id2-promoter (-747 bp/+358 bp) CGACGCGTCGCCTCTGGCTAGACCGAATG GAAGATCTTGGAAGCGCGAGCCCAGAACTTA
Id2-promoter (-164 bp/+358 bp) CGACGCGTCCGCACTTACTGTACTGT GAAGATCTTGGAAGCGCGAGCCCAGAACTTA
Id2-promoter (-102 bp/+358 bp) CGACGCGTCACTGAGAAGGCGAGAGAATC GAAGATCTTGGAAGCGCGAGCCCAGAACTTA
Id2-promoter (mutant) CGACGCGTCCGCACCCATTGTGCTGT GAAGATCTTGGAAGCGCGAGCCCAGAACTTA


