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Abstract 
Squamous cell carcinoma (SCC) is a significant cause of cancer morbidity and mortality worldwide, with 

an incidence of up to 166 cases per 100 000 population. It arises in the skin, upper aerodigestive tract, 
lung, and cervix and affects more than 200 000 Americans each year. We report here that a microarray 
experiment comparing 41 SCC and 13 normal tissue specimens showed that Id2, a gene that controls the 
cell cycle, was significantly up鄄  regulated in SCC. Enforced expression of Id2 in vitro stimulated the 
proliferation of SCC cells and up鄄  regulated the transcription of nuclear factor kappa B (NF鄄  资  B) and 
cyclin D1. Enhancement of the NF鄄  资  B activity with p65 significantly increased the cell proliferation and the 
transcription of cyclin D1, whereas inhibition of the NF鄄  资  B activity with I kappa B alpha mutant (I资  B琢 M) 
and pyrroline dithiocarbamate (PDTC) abrogated cell proliferation and transcription of cyclin D1. 
Furthermore, a mutated NF鄄  资  B binding site in the cyclin D1 promoter fully abrogated the Id2鄄  induced 
transcription of cyclin D1. Taken together, these data indicate that Id2 induces SCC tumor growth and 
proliferation through the NF鄄  资  B/cyclin D1 pathway. 
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Original Article 

The  gene family encodes 4 related proteins 
(Id1­4) implicated in cell cycle progression [1]  and immor鄄  
talization [2,3] . These proteins antagonize the binding of 
basic helix­loop­helix (bHLH) transcription factors to 
specific genomic DNA sites that lead to the transcription 
of genes for lineage commitment, cell differentiation, 
growth control, and apoptosis [4­6] . Id proteins interact with 
the bHLH family of proteins and act as dominant­ 
negative bHLH transcription factors. Thus, Id proteins 

have been implicated in neurogenesis [7] , hematopoesis [8] , 
and tumorigenesis [9,10] .  genes in tumor cells display a 
general pattern of dysregulation [11­13] .  is capable of 
abrogating the growth­suppressive functions of the tumor 
suppressors  ,  and  through a direct interaction 
with the Rb protein [14,15] . 

Overexpression and dysregulation of Id2 protein are 
observed in many cancers including astrocytic tumors [16] , 
neuroblastoma  [17] , Ewing family tumors  [18] , colorectal 
adenocarcinoma [19] , and colon carcinoma [20] . Forced expre鄄  
ssion of Id1 protein in the mouse small intestinal 
epithelium triggers the development of adenoma [21]  and 
SCC in the head and neck [22] . In loss­of­function studies, 
Id2 is key to carcinogenesis of neuroblastoma [17,23] , 
whereas Id1 and Id3 are indispensable for growth of 
tumor xenografts and angiogenesis [24] . 

Id proteins respond to growth factor stimulation [25] , 
promoting cell growth and impairing cell differentiation 

. Expression of Id proteins is highest in proliferating 
cell lines and lowest in mature cells. Overexpression of 
Id proteins provides an opportunity for cells to escape 
growth control and potentiates cellular hyperplasia, 
dysplasia, and tumor development [9] . These referenced 
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studies indicate that Id proteins are involved in 
tumorigenesis. However, how Id2 is involved in the 
tumorigenesis of SCC is unclear. 

To test this hypothesis, we analyzed Id2 expression 
in SCC tissues and then modulated Id2 expression 

to assess changes in cell proliferation. We also 
measured the activity of the NF­资  B/cyclin D1 pathway, 
which is critical in SCC, to determine its role in 
Id2­mediated effects in SCC. We found that Id2 is 
extensively expressed in SCC tissues and that Id2 
overexpression significantly increased the proliferation of 
SCC cells. Furthermore, the effects of Id2 were 
dependent upon the NF­资  B/cyclin D1 pathway, as NF­资  B 
inhibitors and activators respectively blocked and 
increased the activity of Id2. In addition, NF­资  B binding 
was required for cyclin D1 transcription. Taken together, 
these data indicate that the Id2/NF­资  B/cyclin D1 pathway 
is dysregulated in SCC. 

Materials and Methods 

Tissue specimens, cell lines, and materials 

A total of 41 head and neck SCC and 13 normal 
tissue specimens were collected from patients who 
underwent head and neck cancer surgery at the 
Department of Otolaryngology, University of Minnesota 
Hospital and Clinics. Control specimens were biopsies of 
normal tissues near the cancer site. Total RNA from all 
54 tissue specimens was isolated using Trizol kit 
(GIBCO BRL Life Technologies). An additional 50 head 
and neck SCC specimens (embedded in paraffin) were 
obtained from the Department of Surgical Pathology for 
histopathologic evaluation in this study. 

The CA9­22, SCC9, HOK16B, and Rhek­1A cell 
lines were used in this study. CA9­22 and SCC9 were 
established from oral SCC tissues [22,26] . Rhek­1A was 
established from dekeratinized squamous cells with 
transduction of the  oncogene [27]  and was a kind gift 
of Dr. Jhong S. Rhim (Frederick Cancer Research and 
Development Center, National Cancer Institute, 
Frederick, MD). HOK16B was established from normal 
human oral keratinocytes with transduction of type 16 
human papillomavirus [22] . CA9­22 and SCC9 cells were 
maintained in Gibco誖 RPMI­1640 (Invitrogen, Carlsbad, 
CA) containing 10% heat­inactivated fetal bovine serum 
(FBS), 1% penicillin/streptomycin, 1.2% L­glutamine, 
and 2.5% HEPES buffer. Rhek­1A cells were maintained 
in Eagle爷s minimal essential medium (MEM, Invitrogen) 
supplemented with 10% FBS, 50 滋  g/mL penicillin/ 
streptomycin, and 1.2% L­glutamine (hereafter referred 
to as complete medium). HOK­16B cells (from human oral 
mucosal keratinocytes) were maintained in keratinocyte 
basal medium (Lon2a). For transient transfection of 
cells, serum­free Opti­MEM medium with 6 滋  g/mL 

Polybrene誖 (Invitrogen, Carlsbad, CA) (hereafter referred 
to as transfection medium) was used. 

Human  cDNA from head and neck SCC tissue 
specimens was cloned into a plasmid with enhanced 
green  fluorescent protein (pEGFP, Clontech) using 
standard protocols. The full­length  cDNA (GenBank 
accession #213931) was obtained from the NCBI 
website and the open reading frame (ORF) of the 
gene was identified with the Genetic Computer Group 
program (GCG, Wisconsin). Specific primers for 
spanning the ORF were designed with the Oligo 4.0 誖  
program, and the specificity of the primers was 
examined using Amplify 1.2誖 followed by BLAST search. 
The primer sequences are as follows: sense 5'­GGC­ 
TTCCTCGCGGTCAGCATG­3' and antisense 5'­ACTG­ 
TGTGGCTGAATAAGCG­3 ' . Reverse transcription­poly鄄  
merase chain reaction (RT­PCR) was performed on the 
head and neck SCC tissue RNA to obtain the ORF of 

cDNA. PCR products were sequenced using an 
autosequencer, cloned into pT­Adv vector (Clontech) and 
subcloned into the pEGFP expression vector to express 
the Id2 protein. The  cDNA expression plasmid 
(pMT2T­p65) and empty vector (pMT2T), which were 
previously described [28,29] , were a kind gift of Dr. Keith 
Brown (National Institute of Allergy and Infectious 
Disease, NIH, Bethesda, MD) [30,31] . 

I资  B琢 M is a mutant form of the I资  B琢 inhibitor in 
which the serines at positions 32 and 36 have been 
changed to alanines, preventing phosphorylation and 
subsequent proteasomal degradation following an NF­资  B­ 
activating stimulus [32] . This mutant protein was used as a 
specific inhibitor of NF­资  B activity in this study. PDTC, a 
proteasome inhibitor purchased from Calbiochem (La 
Jolla, CA), was also used as an inhibitor of the NF­资  B 
activity [33] . Cyclin D1 luciferase reporter plasmids, generous 
gifts of Dr. Richard Pestell (Department of 
Developmental and Molecular Biology, Albert Einstein 
College of Medicine, Bronx, NY), contain the cyclin D1 
promoter upstream from the luciferase gene as 
previously described [34] . The 1745 cyclin D1 luciferase 
reporter plasmid contains the full sequence cyclin D1 
promoter upstream from the luciferase gene, and the 
66NF­资  Bmut luciferase reporter plasmid contains the 
cyclin D1 promoter with a site­specific mutation at the 
NF­资  B­binding site. The NF­资  B reporter gene contains 
two immunoglobulin Gk chain NF­资  B­binding sites and 
has been previously described [35] . pCMV­茁  ­galactocidase 
(茁  ­gal) reporter plasmid was purchased from Stratagene. 
The 茁  ­gal luciferase activity was used as an internal 
control for NF­资  B and cyclin D1 luciferase activities in 
this study. 

Immunohistochemistry 

Head and neck SCC tissue sections from the 
Department of Surgical Pathology were routinely cut to a 
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thickness of 4 microns, deparaffinized, incubated with 
primary antibodies (Id2, NF­资  B, and Cyclin D1) and 
secondary antibodies (rabbit anti­mouse IgG or goat 
anti­rabbit IgG), followed by DAB substrate, as 
previously described [36] . 

Microarray analysis 

Experiments using Affymetrix microarrays were 
performed as described previously [37] . Briefly, cDNA was 
prepared from 10 滋  g total RNA using the double­stranded 
DNA synthesis kit (Life Technologies, Rockville, MD). 
cRNA was synthesized from cDNA and labeled with 
biotin­streptavidin using the BioArray High Yield RNA 
Transcript Labeling Kit (Enzo Diagnostics, Farmingdale, 
NY). Approximately 15 滋  g of cRNA was fragmented and 
hybridized to human genome set U133A (representing 
approximately 18 000 genes) arrays. Hybridization 
signals on the arrays were detected with anti­streptavidin 
antibody and measured using the Agilent GeneArray 
Laser Scanner. The expression of the  gene in SCC 
tissue specimens was identified and measured as a 
relative light unit. The expression of Id2 in control and 
SCC cell lines and tissues was confirmed by RT­PCR, 
real­time PCR, and western blotting. 

Transient cell transfection, Trypan Blue exclusion, 
3 H鄄  thymidine incorporation, and real鄄  time PCR 

Approximately 25 000 SCC cells (CA9­22 or Rhek­ 
1A) were plated into each well of a 24­well tissue culture 
plate and cultured overnight. Cells were transfected with 

cDNA plasmids (2.0 滋  g/mL) in transfection medium 
for 6 h and incubated in complete medium for 12 h to 
allow recovery from transfection. A similar protocol was 
used for co­transfection with  cDNA (1.4 滋  g/mL) and 
I资  B琢 M (1.4 滋  g/mL) to inhibit the NF­资  B activity for 
evaluation of its involvement in the Id2­triggered 
response. Cells transfected with empty vector, I资  B琢 M or 
incubated with medium alone served as controls. 

For Trypan Blue exclusion, cells were harvested at 
8, 16, 24, and 48 h following the recovery incubation. 
Cells were washed in phosphate­buffered saline (PBS) 
and incubated in 0.3 mL of 0.05% trypsin/EDTA solution 
for 10 min. Five microliters of the trypsin solution was 
mixed with 5 滋  L of Trypan Blue and transferred to a 
hemacytometer for counting. 

For  3 H­thymidine incorporation, cells were harvested 
at 8, 16, 24, and 48 h following the recovery incubation. 
Cells were washed in PBS twice and digested in a 
solution of 0.2 mol/L sodium hydroxide and 2.5% sodium 
dodecyl sulfate (SDS) at 37益 for 1 h. Afterwards, they 
were transferred to 1 mL of scintillation fluid (Ecoscent 
A, National Diagnostics), mixed thoroughly, and digested 
for 2 h prior to counting in the scintillation counter 

(Beckman). Cell counting was also performed at the 
same time points for calculation of radioactivity (counts 
per minute, CPM) per cell. Results are presented as 
CPM per 10 000 cells. 

For proliferating cell nuclear antigen (PCNA) 
immunohistochemistry, cells were harvested at 24 h 
following  transfection. Cells were fixed with 70% 
ethanol, washed with PBS, and incubated with 
biotinylated mouse anti­PCNA for 60 min,  streptavidin­ 
peroxidase for 10 min, and DAB mixture for 5 min at 
room temperature, followed by counterstaining  with 
hematoxylin for 1 min. Sections were observed under a 
light microscope (Nikon E400) and photographed. 

For verification of transfection, real­time PCR was 
performed on CA9­22 with and without  cDNA 
transfection for 24 h , using Rhek­1A as a normal squa鄄  
mous cell control. RNA was extracted using the 
Mini­prep RNA extraction kit (Stratagene). Real­time 
PCR was performed in triplicate using the Taqman誖 one­ 
step RT­PCR Master Mix Reagent Kit (PE Biosystems) 
according to the manufacturer爷s instruction. The specific 
primers used were as follows: upstream, 
5'­TGGACTCGCATCCCACTATTG­3'; downstream, 5'­C鄄  
CTGGACGCCTGGTTCTG­ 3'; and probe, 5'­cagcctgca 鄄  
tcaccagagacccg­3'. 

Transient co鄄  transfection and luciferase assays 

After being cultured in a 12­well plate and reaching 
60% confluency, cells were co­transfected with the 
cDNA (1.4 滋  g/mL) and the NF­资  B or cyclin D1 luciferase 
reporters (1.4 滋  g/mL) for 16 h and incubated in complete 
medium for 24 h for recovery. To determine whether 
cyclin D1 transcription was dependent on NF­资  B, cells 
were co­transfected with  (1.4 滋  g/mL) and I资  B琢 M 
(1.4 滋  g/mLl) or p65 (1.4 滋  g/mL) or incubated with PDTC 
(50 滋  mol/L) for 16 h and then incubated in complete 
medium for 24 h. Cells were then harvested for luciferase 
assays. Luciferase activity was measured using the 
dual­light luciferase assay kit (Tropix) on a microplate 
luminometer (Model TR717, Tropix). 茁  ­galactocidase 
reporter activity was used as an internal control. The 
activities of luciferase reporters are presented by a ratio 
of luciferase­to­茁  ­galactocidase reporter activity. 

Western blotting 

Normal and SCC tissues were harvested for protein 
isolation. Approximately 30 滋  g of protein were 
electrophoresed and transferred to a nitrocellulose 
membrane. Id2 and GAPDH antigens on the membrane 
were detected by anti­Id2 (sc­489, Santa Cruz) and 
anti­GAPDH (ab9485, Novus Biological) antibodies, 
respectively, and visualized using ECL kit (Amersham 
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Biosciences) according to the manufacturer爷s 
instructions. 

Statistical analysis 

Student爷s  test was used to evaluate the 
differences between control and experimental samples 

, whereas Fisher爷s exact test was used to evaluate 
the differences between control and experimental 
samples if sample sizes are small.  values less than 
0.05 were considered significant. 

Results 

Expression of Id2 mRNA and protein is 
significantly higher in SCC tissue specimens 
than in normal controls 

mRNA transcript levels were significantly higher 
in 41 head and neck SCC tissue specimens [(1196.94 依  

641.89) relative light units (RLU)] than in control 
specimens [(655.19 依  240.95) RLU,  < 0.05], as 
measured by Affymetrix microarrays (Figure 1A). 
Similarly, RT­PCR showed that  mRNA transcripts in 
SCC cell lines were abundant compared to those in 
control cell lines (Figure 1B). To confirm Id2 expression, 
we performed western blotting using SCC and control 
tissue specimens and found that Id2 protein was 
expressed in SCC but not in control tissues (Figure 1C). 
We obtained similar  results using quantitative PCR 
(qPCR) to compare SCC and control tissues (Figure 
1D). The microarray heatmap demonstrated that Id2, 
NF­资  B, and cyclin D1 were up­regulated in the 41 SCC 
tissues compared to control tissues (Figure 1E). 

Id2鄄  induced cell proliferation of both SCC and 
squamous cells is dependent upon the activity of 
NF鄄  资  B 

Since the expression of Id2 was high in SCC 
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Figure 1. A, the level of the Id2 
mRNA transcripts in SCC tissue specimens was significantly higher than that in control tissues (P < 0.05) as measured with Affymetrix 
microarrays. B, the expression of Id2 mRNA transcripts was high in SCC cell lines (CA9 22 and SCC9) but low in non cancerous cell lines (Rhek 
and HOK) by reverse transcription polymerase chain reaction (RT PCR). The fold increase in Id2 mRNA transcripts in the SCC cell lines vs. non 
cancerous cell lines is presented in the lower panel after normalization with 茁 actin. C, Id2 protein expression was barely detected in normal 
tissues but abundant in SCC specimens by Western blotting. The fold increase of protein expression is shown in the lower panel. D, quantitative 
polymerase chain reaction (qPCR) indicated that Id2 mRNA transcript levels in SCC specimens were significantly higher than those in the control 
tissues. E, the heatmap of the microarray data indicated that Id2, nuclear factor kappa B (NF 资  B), and cyclin D1 transcript levels were higher in 
the 41 SCC specimens than in the 13 normal tissues. 
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specimens, we hypothesized that Id2 may act as an 
oncogenic protein in SCC. Therefore, we performed cell 
proliferation studies in CA9­22 by measuring cell 
numbers (Trypan Blue exclusion), DNA synthesis 
( 3 H­thymidine incorporation), and PCNA expression 
(immunohistochemistry). The results demonstrated that 
Id2 increased cell numbers, DNA synthesis, and PCNA 
expression compared to controls (Figure 2A, B, and C). 
To determine the pathways that mediate Id2­induced cell 
proliferation in SCC, we focused on the NF­资  B pathway 
because of its role in cellular proliferation. CA9­22 cells 
were co­transfected with the Id2 cDNA and I资  B琢  M, 
incubated with  3 H­thymidine for 24 h, and harvested for 
radioactivity determination. Cells transfected with empty 
vector, I资  B琢 M, or medium alone served as controls. 
The results demonstrated that I资  B琢  M  significantly 
blocked the cell proliferation induced by Id2 (Figure 2D). 
Likewise, Id2 induced cell proliferation in Rhek­1A cells 
in a similar way (data not shown). Real­time PCR 
demonstrated that transfection of  cDNA increased 
the level of the  mRNA transcripts in CA9­22 cells, 
whereas  mRNA transcript levels were low in 

Rhek­1A immortalized squamous cells (Figure 2E). 
To test whether Id2 induces the transcription of 

NF­资  B, we performed luciferase assays in Id2­ 
transfected CA9­22 cells. The results indicated that Id2 
significantly increased the activity of NF­资  B reporter 
(Figure 3A), suggesting that Id2 may act through the 
NF­资  B pathway to stimulate the proliferation of SCC 
cells. Cyclin D1 is purportedly induced by diverse 
mitogenic signaling pathways, including the NF­资  B 
pathway [38] . Thus, we similarly measured the luciferase 
activity of a cyclin D1 reporter in Id2­transfected cells. 
The data  indicated that the activity of cyclin D1 reporter 
in Id2­transfected cells was up­regulated compared to 
empty vector or activation protein 2 (AP2), a luciferase 
assay control (Figure 3A). 

Id2 increase s the transcription of cyclin D1 via 
an NF鄄  资  B鄄  dependent mechanism in SCC cells 

The promoter of cyclin D1 has been found to 
contain an NF­资  B­binding site [39­41] . To study whether Id2 
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Figure 2. A, 3 H鄄  thymidine incorporation increased in a time鄄  dependent manner and 
was significantly different in Id2鄄  and empty vector鄄  transfected cells (*, P < 0.05). B, cell number increased in a time鄄  dependent manner and was 
significantly different in Id2鄄 and empty vector鄄  transfected cells (*, P < 0.05). C, proliferating cell nuclear antigen (PCNA) expression was 
increased in Id2鄄  transfected cells (Id2) compared with enpty vector鄄  transfected cells (Ctrl). D, inhibition of NF鄄  资  B activity with I资  月  琢 M abrogated 
cellular DNA synthesis induced by Id2 (*, P < 0.05,). E, qPCR confirmed that the level of the Id2 mRNA transcripts in Id2 cDNA鄄  transfected cells 
(Id2) was higher than that in empty vector鄄  transfected cells (vec). Ctrl, control; vec, empty vector; med, medium; I资  月  袁 I资  月  琢 M. 

鄢 
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induces the transcription of cyclin D1 through NF­资  B, we 
modulated NF­资  B activity using the NF­资  B p65 subunit to 
enhance activity or using I资  B琢 M or PDTC to inhibit 
activity, and we also mutated the NF­资  B ­ binding site in 
the cyclin D1 promoter. We then measured the cyclin D1 
luciferase reporter activity in CA9­22 cells. As expected, 
p65 increased the Id2­induced activity of cyclin D1, 
whereas bot h I资  B琢 M and PDTC abrogated the activity 
of Id2­induced reporter cyclin D1. Likewise, mutations of 
the NF­资  B­binding site in the cyclin D1 promoter 
abrogated the luciferase activity of cyclin D1 induced by 
Id2 (Figure 3B). Without transfection of Id2, neither 
administration of PDTC nor transfection of I资  B琢 M nor 
mutation of cyclin D1 at the NF­资  B­binding site was 
sufficient to significantly change the luciferase activity of 

cyclin D1 compared to empty vector in CA9­22 cells 
(data not  shown). Id2 transfection increased  NF­资  B 
expression in both cytosol and nuclei (Figure  3C). 
Consistent with these findings, the expression of Id2, 
NF­资  B, and Cyclin D1 protein was abundant in  human 
head and neck SCC specimens but not in the normal 
tissues between SCC cell lumps (Figure 4). These 
results suggest the importance of the Id2/NF­ 资  B/cyclin 
D1 pathway in the disease mechanism of human SCC. 

Discussion 

In this study, we demonstrated that Id2 is highly up­ 
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Figure 3. A, Id2 significantly increased the 
activity of both NF鄄  资  B and cyclin D1, not AP2, luciferase reporter compared with the empty vector control (Ctrl). B, NF鄄  资  B p65 significantly 
strengthened the activity of the Cyclin D1 luciferase reporter by Id2, whereas both PDTC and I资  B琢 M abrogated the activity of the Cyclin D1 
luciferase reporter by Id2. Mutation of the NF鄄  资  B鄄  binding site in the Cyclin D1 promoter (NF鄄  资  Bmt) similarly abrogated Cyclin D1 luciferase 
reporter activity by Id2. C, transfection of Id2 increased the expression of NF鄄  资  B in both cytosol and nuclei of CA9鄄  22 cells (upper panel: Id2鄄  
transfected cells; lower panel: empty vector鄄  transfected cells). 
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regulated in head and neck SCC tissues compared to 
normal tissues at both mRNA and protein levels. 
Enforced expression of Id2 in both normal  squamous 
(Rhek­1A) and cancer (CA9­22) cells increased cell 
proliferation and oncogenic signals,  suggesting that Id2, 
an Id family member, plays an important role in the 
carcinogenesis of head and neck SCC. 

In terms of the molecular pathway through which Id2 
stimulates SCC cell proliferation, we demonstrated that 
Id2 induced the transcription of NF­资  B, a transcription 
factor that is frequently involved in the  oncogenesis of 
many cells [42,43]  and a target for cancer treatment [44,45] . 
NF­资  B itself contributes to a variety of cellular responses, 
including cell proliferation and apoptosis, depending on 
the stimuli and/or signaling pathways to which it is linked. 
For example, the epidermal growth factor receptor 
(EGFR)/NF­资  B pathway frequently causes proliferative 
responses [46] , whereas the tumor­necrosis factor receptor 
(TNFR)/NF­资  B pathway results in cell death  [47] . We 
demonstrated that the up­regulation of NF­资  B by Id2 was 

linked to cell proliferation in both immortalized skin 
squamous cells  (Rhek­1A) and SCC cells (CA9­22), as 
judged by  increased DNA synthesis, cell count, and 
PCNA expression. The link between Id2/NF­资  B and cell 
proliferation is supported by the finding that inhibition of 
NF­资  B activity with I资  B琢 M abrogated cell proliferation. 
I资  B琢 M has been shown to be a specific inhibitor of 
NF­资  B activity [48,49] . This study clearly indicated that Id2 
stimulates the proliferation of CA9­22 via an NF­资  B­ 
dependent mechanism. Examination of NF­资  B protein 
expression in SCC tissue specimens revealed that cells 
expressing Id2 also express NF­资  B, suggesting that Id2 
may regulate the expression of NF­资  B  . The above 
data from SCC tissue specimens support the above 
notion. 

Cyclin D1 acts as an oncogene because it is 
induced by diverse oncogenic and mitogenic signals in 
many cancers [50,51] . Furthermore, because it is frequently 
(>50% ) up­regulated in head and neck SCC [52,53] , cyclin 
D1 has been considered an important biomarker of 
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Figure 4. A, the expression of Id2 was abundant in SCC cells 
(brown lumps) but not in non鄄  cancerous cells (spotty in the normal tissue between SCC lumps). B, NF鄄  资  B showed a similar expression pattern 
as Id2 in human head and neck SCC specimens. C, Cyclin D1 expression was observed in the nuclei in a majority of SCC cells but was not 
detectable in the normal tissue between SCC lumps (between dashed lines). D, a representative immunohistochemistry control for A, B, and C. 
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Figure 5. 

Id2 in head and neck 
SCC regulates the expression of cyclin 
D1/cdks via NF鄄  资  B. Cyclin D1/cdks 
increases the progression of head and 
neck SCC cells by phosphating Rb鄄  E2F 
complex. This action dissociates Rb鄄  
E2f complex and results in the 
releases of E2F from the Rb鄄  E2F 
complex. E2F then enters into the 
nucleus and initiates the progression 
of cell cycle from G0/G1 to S phase. 
Cdks, cyclin鄄  dependent kinases (cdks 
4/6); Rb, retinoblastoma; p鄄  Rb, 
phosphorylated Rb; E2F, a 
transcription factor that drives the 
transition from G0/G1 to S phase of 
the cell cycle. 
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