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Laryngeal squamous cell carcinoma progression
is associated with the NFxB signaling pathway

regulated by IkB kinase 3
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Abstract. - OBJECTIVE: We aimed to ana-
lyze the association of NFkB signaling pathway
with the carcinogenesis of laryngeal squamous
cell carcinoma (LSCC).

PATIENTS AND METHODS: Protein array
was used to identify the differentially ex-
pressed proteins involved in NFxB signaling
pathway between LSCC cells and normal throat
mucosa. Correlation analysis between signifi-
cantly expressed proteins and clinical charac-
teristics (differentiation, clinical stage, and
node metastasis) was performed. The expres-
sion of IkB kinase g (IKK-g) in Hep-2 cells trans-
fected with IKK-B-siRNA or pcDNA3.1-IKK-p
was detected both by real-time polymerase
chain reaction and western blot. Besides, a
tetrazolium-based colorimetric assay (MTT),
flow cytometer, and transwell assay were used
to examine the proliferation, apoptosis, and mi-
gration rate of Hep-2 cells, respectively.

RESULTS: Three differentially expressed pro-
teins were identified. Among them, tumor
necrosis factor receptor 1 (TNFR1) and IKK-p
were significantly up-regulated (p < 0.01) and
Fas-associated via death domain (FADD) was
significantly down-regulated (p < 0.01). The
correlation analysis showed that IKK- expres-
sion had significant association with differenti-
ation, clinical stage, and node metastasis (p <
0.05). Besides, high expressed IKK-f resulted
in significantly increased proliferation and mi-
gration rate (p < 0.05). Reversely, Hep-2 cells
transfected with IKK-B-siRNA showed signifi-
cantly lower proliferation and migration rate (p
< 0.05) and significantly higher apoptosis rate
(p < 0.05) than normal cells.

CONCLUSIONS: The NFkB signaling path-
way involved TNFR1, IKK-g, and FADD is signif-
icantly associated with the development of
LSCC. Over-expressed IKK-B efficiently inhibits
cell apoptosis and has positive effects on cell
proliferation and migration.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) is
the second most common malignant tumors of
head and neck'. The incidence rate is high in
Southeast Asia and Eastern Europe, and remains
high around the world?®. In LSCC, the various
tumor growth rate is an important factor for sur-
vival®. In the early stage, LSCC is often curable
with surgery or radiotherapy, and nuclear factor-
kB (NFxB) has been suggested as a useful mark-
er of radioresistance and prognosis>”.

NFkB is constitutively deregulated in several
human cancers, including pancreas, breast, liver,
stomach, and head and neck squamous cell carci-
noma®!!, Its activation speeds cancer cells prolif-
eration, inhibits apoptosis, promotes angiogenesis,
and induces epithelial-mesenchymal transition'>3.
Previous study has shown that the nuclear local-
ization of NFxB also plays an important role in
the development of LSCC!. Huang et al” have
found that NFkB expression was significantly
higher in LSCC cells than in normal tissues and
tended to positively associate with lymph node
metastasis. It has been suggested that patients with
low expression of NFkB had longer overall sur-
vival time than those with high NFxB expres-
sion'>. Besides, Katarzyna et al'® found that NFkB
pathway molecules were significantly expressed
and had a strong relationship with the aggressive-
ness of LSCC cells. For example, Zhang et al'’
found that activation of NFkB transcriptional ac-
tivity by S100A4 was contributed to the increas-
ing of matrix metalloproteinase-9, which promot-
ed the invasion of LSCC cell line Hep-2. Al-
though several studies have focused on the rela-
tionship between NFkB pathway and the carcino-
genesis of LSCC, the details remain unclear®’-',

In the present study, we used protein array to
analyze the differentially expressed proteins re-
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Table I. Chips map of protein array.

1 2 3 4 5 6 7 8
Pos1 Pos2 Pos3 Neg TNF-a TNF-b MKP PLA,
Pos1 Pos2 Pos3 Neg TNF-a TNF-b MKP PLA,
TNFR1 TRAF2 RIP FADD P50 JNK SOD2 TRADD
TNFR1 TRAF2 RIP FADD P50 INK SOD2 TRADD
RelB IKK-a IKK-B p52 ROS Caspase8 C-Rel Pos1
RelB IKK-a IKK-B p52 ROS Caspase8 C-Rel Pos1
Pos: positive; Neg: negative.
Table II. The correlation analysis between differentially expressed proteins and clinicopathologic characteristics.
Clinicopathologic
characteristics Cases TNFR1 p-value IKK-B p-value FADD p-value
Differentiation
Well 24 2464.23 0.254 1775.48 0.021 286.34 0.152
Poorly 26 2632.56 3482.31 322.45
TNM classification
Grade I and II 16 2782.35 0.287 1834.42 0.028 269.34 0.234
Grade III and IV 34 2490.32 3452.95 315.68
Node metastasis
Without 38 2895.53 0.358 1874.25 0.035 294.68 0.138
With 12 2423.64 3449.58 324.52

p <0.05 was considered to be significantly different.

lated to NFkB signaling pathway in LSCC com-
pared with normal tissues. Effects of the most
differentially expressed protein on proliferation,
apoptosis, and migration were analyzed using
over-expression or RNA interfering method, and
the results were detected by a tetrazolium-based
colorimetric assay (MTT), flow cytometer, and
transwell assay, respectively.

Patients and Methods

Clinicopathologic Characteristics
of Patients

The LSCC cases and normal tissues were re-
cruited from the Department of Otorhinolaryn-
gology at the Second peoples’ hospital in Shang-
hai, China. A total of 50 LSCC patients (aged
40-62 years, average 54 years; gender ratio 1: 1)
confirmed by histopathological examination
were included in this study. Among them, 38 pa-
tients had node metastasis. According to a differ-
ential degree, 24 cases were well-differentiated
and 26 poorly-differentiated. Tumors were histo-
logically graded to 4 stages (I: 5 cases, II: 11 cas-
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es, III: 28 cases, IV: 6 cases) based on the tumor
node metastasis (TNM) classification of the In-
ternational Union Against Cancer (UICC). In ad-
dition, the normal throat mucosal tissues collect-
ed from 50 cases (aged 43-60 years, average 52
years; gender ratio 1: 1) were considered as con-
trol. All studies were approved by the ethics
committee of the Second peoples’ hospital in
Shanghai, China, and all participants had given
their informed content.

Protein Array

LSCC and control tissues were lysed by radio-
immunoprecipitation assay (RIPA) solution (Be-
yotime, Shanghai, China), and the total protein
concentration in the supernatant was detected us-
ing the bicinchoninic acid (BCA) method (BCA
protein assay kit, Raybiotech, Norcross, GA,
USA). The procedures were performed strictly as
described in the instruction. Control and tumor
samples were divided into two equal portions.
After drying at room temperature for 2 h, 100 ul
blocking solution was added to each column, and
the slides were incubated for 1 h under shaking.
After incubation, blocking solution was discard-
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ed. Tissue lysate was diluted to a final concentra-
tion of 500 ug/ml and was added to the samples,
and then incubated at 4°C overnight. After
washed, CY3-labeled antibody mixture was
added and incubated at room temperature for 2 h,
then the samples were washed again and scanned
using GenePix4000B (Molecular Devices, Sun-
nyvale, CA, USA).

Construction of Eukaryotic
Expression Vector

Total RNA was extracted using Trizol (Gibco-
BRL, Rockville, MD, USA). Oligo-dT, dNTP,
DTT, and reverse transcriptase were used in the
synthesis of cDNA. The sequence of IkB kinase
(IKK-B) was amplified from 5 ul cDNA template
via PCR using special primers. Forward: 5’
CCAAGCTTCCACCATGAGCTGGTCAC 3.
Reverse: 57 GGGGTACCTGAGGCCT-
GCTCCAGGC 3’. The resultant PCR fragment
was purified with gel extraction kit (Qiagen, Va-
lencia, CA, USA), treated with HindIIl and Kpnl
and purified again. Then, the restricted IKK-f
fragment was inserted into vector pcDNA3.1 at the
same digestion sites to construct pcDNA3.1-IKK-
[, which was verified by PCR and sequencing.

SiRNA Preparation

SiRNA was designed according to IKK-f3 mR-
NA sequence applied in Human Genedatabase
using Ambion software, and was synthesized by
Borui Biology (Guangzhou, China). The target
sequence was CCAATAATCTTAACAGTGT.
The sense strand of siRNA was 5> CCAAUAAU-
CUUAACAGUGUATdT 3°. Anti-sense: 3" dT-
dTGGUUAUUAGAAUUGUCACA 5°. Non-tar-
geted siRNAs were designed as negative control.

Transfection of Hep-2 cells

Hep-2 cells obtained from the Chinese acade-
my of science (Shanghai, China) were cultured
in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine
serum at 37°C under 5% CO, overnight. Hep-2
cells were separately transfected with IKK-f-
siRNA, pcDNA3.1-IKK-f, pcDNA3.1, or nega-
tive control siRNA according to the manufactur-
er’s instructions (HiPerFect transfection reagent,
Qiagen, Inc., Valencia, CA, USA). Hep-2 cells
(2x10° cells/ml) were plated into independent
wells of 6-well (2 ml) and 96-well dish (100 ul).
Then, 3 ul HiPerFect transfection reagents were
added and mixed gently. After incubated for 10
min at room temperature, cells mixture was

slowly added to the wells at 37°C under 5% CO,
for 6 h. Subsequently, transfection reagent was
replaced by DMEM medium and incubated for
24 h, 48 h, and 72 h, respectively.

Real-time Polymerase Chain Reaction
(RT-PCR) and Western Blot

Total RNA was extracted from cells incubat-
ing separately for 24 h, 28 h, and 72 h as de-
scribed above. RNA was quantified and cDNA
was synthesized. The primers for IKK-p3 were 5’
GACTTGAATGGAACGGTGAA 3’ (Forward)
and 5 TCTTGGGCTCTTGAAGGATA 3’ (Re-
verse). The primers for p-actin were 5 CTCC-
CACCTTATCTACTCCC 3’ (Forward) and 5°
TAGCTGCTCGCTGTCTTG 3’ (Reverse). Am-
plification conditions: 94°C, 5 min; 95°C, 30 s;
55°C, 30 s; 72°C, 30 cycles of 30 s; 72°C, 10
min. The PCR products were isolated by agarose
gel electrophoresis and quantified by a Gel im-
ager. -actin was used as an internal control.

Cells were lysed and total protein concentra-
tion was detected. A total of 50 ul lysate was
sampled to SDS-PAGE. After electrophoresis, the
separated target proteins were transferred to a
polyvinylidene fluoride (PVDF) membrane and
blotted with 5% non-fat dry milk. Then, the mem-
brane was incubated overnight with anti-IKK-3
or anti-f3-actin (Abcam, Cambridg, UK). After in-
cubation with horseradish peroxidase-conjugated
anti-mouse secondary antibody (IgG, Abcam,
Cambridge, UK) and washing, the protein bands
were detected with chemiluminescence.

MTT Assay

3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was
used to determine the viability of Hep-2 cells
cultured for 24 h, 48 h, and 72 h, respectively.
Cells grown in 96-well multiplates were added
with 20 ul MTT (5§ mg/mL) and incubated for 4
h. Then, the supernant was discarded and 150 ul
dimethyl sulfoxide (DMSO) was added. After in-
cubation for 10 min with shaking, the final prod-
uct was quantified spectrophotometrically by ab-
sorbance at 570 nm wavelength.

Flow Cytometry

Cellular apoptosis was assessed by flow cy-
tometry. Trypsinized cells were collected at 2000
rpm x 10 min and washed 3 times with phos-
phate-buffered saline (PBS). Propidium iodide
(PI) was added and the cells were incubated for
15 min at 4°C in the dark. The stained cells were
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Figure 1. Identification of differentially expressed proteins in LSCC cells. Each sample was performed in duplicate. A, Protein
array; Red rectangles represent differentially expressed proteins. B, Quantifications of differentially expressed proteins. “p < 0.05.

analyzed by Elite Esp flow cytometer (Beckman
Coulter, Miami, FL, USA).

Transwell Migration Assay

For cell migration assay, 5 x10° cells were
placed in the upper chamber, and 500 ul medium
without fetal bovine serum was added to the low-
er chamber. An 8 um polycarbonate membrane
was placed between the two champers. After mi-
gration for 24 h at 37°C under 5% CO,, cells in
the upper chamber of transwell filter were re-
moved with a cotton swab. Then, the membrane
was fixed in methanol for 10 min, stained with
Giemsa for 20 min. The migration number was
counted in 5, 400x microscopic fields per filter.

Statistical Analysis

Statistical analysis was performed using
SPSS12.0 software (SPSS Inc., Chicago, IL,
USA). Comparisons between two groups were
accomplished using 7 test, and correlation analy-
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ses between differentially expressed proteins and
clinicopathologic characteristics were conducted
by Sperman analysis. p < 0.05 was considered to
be statistically significant.

Results

TNFR1, IKK{y and FADD were
Differentially Expressed in LSCC Cells

Chips map of protein array was displayed in
Table 1. Protein array showed that both tumor
necrosis factor receptor 1 (TNFR1) and IKK-f
were significantly over-expressed, while Fas-as-
sociated via death domain (FADD) was signifi-
cantly down-expressed in LSCC cells (p < 0.01,
Figure 1).

The correlation between the differentially ex-
pressed cytokines and clinicopathological char-
acteristics was shown in Table II. The signal val-
ue of IKK-f3 expression was significantly higher
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Figure 2. PCR analysis for plasmid pcDNA3.1-IKK-f. 1:
Marker; 2: pcDNA3.1-IKK-{.

in poorly-differentiated tissues than well-differ-
entiated tissues (3482.31 vs. 1775.48, p < 0.05),
and higher in clinical grade III and IV tissues
than clinical grade I and II tissues (3452.95 vs.
1834.42, p < 0.05). Moreover, it was also signifi-
cantly increased in tissues with node metastasis
than those without node metastasis (3449.58 vs.
1874.25, p < 0.05). The correlations between the
other two cytokines and clinicopathological char-
acteristics were not significant (p > 0.05).

Construction of pcDNA3. 1-IKK-
Expression Plasmid

After the pcDNA3.1-IKK-f3 expression plas-
mid was amplified by PCR, a 2270 bp fragment

was obtained (Figure 2). The length of the frag-
ment was consistent with IKK-f gene, and the
sequencing result was also the same as reported
in GenBank.

The Expression of IKK{} in Hep-2
Cells Transfected with pcDNA3. 1-IKK4
or IKK$3-siRNA

An approximately 520 bp amplified fragment
of IKK-f3 was observed after semiquantitative
RT-PCR (Figure 3). After IKK-B-siRNA trans-
fected cells incubated for 24 h, 48 h, or 72 h, the
expression of IKK-f was obviously down-regu-
lated (Figure 3A). In addition, after transfected
with pcDNA3.1-IKK-f, IKK-f3 expression was
significantly up-regulated (Figure 3B). Western
blot showed the same results (Figure 3C, D). The
expression of IKK-f3 was not changed in nega-
tive control and control cells.

Proliferation, Apoptosis, and Migration
rate in Hep-2 Cells Transfected with
PCcDNA3. 1-IKK or IKK-siRNA

As shown in Figure 4A, the proliferation rate
of negative control or pcDNA3.1 transfected cells
was not changed at 24 h, 48 h, or 72 h (p > 0.05).
Besides, the proliferation rate of IKK-f3-siRNA
transfected cells was significantly decreased (p <
0.05), and the proliferation rate was significantly
increased (p < 0.05) in cells transfected with pcD-
NA3.1-IKK-f. For example, the proliferation rate
of pcDNA3.1-IKK-f transfected cells increased
from 145% (24 h) to 250% (72 h).

o
53

3%
20

120

Figure 3. RT-PCR and western blot. A-C: 1: Marker; 2, 5, 8: controls; 3, 6, 9: non-targeted siRNA; 4, 7, 10: IKK- siRNA. B-

D: 3,6,9: pcDNA3. 1; 4,7, 10: pcDNA3.1-IKK-f.
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Figure 4. Proliferation (A, apoptosis (BJ, and migration analysis (C) in cells transfected with IKK-3 siRNA, non-targeted siR-

NA, and pcDNA3.1-IKK-f. "p < 0.05.

The apoptosis rate was similar among negative
controls, pcDNA3.1-IKK-f transfected cells,
pcDNA3.1 transfected cells, and control cells.
Besides, the apoptosis rate of IKK-f-siRNA
transfected cells was significantly increased
(from 18% at 24 h to 60% at 72 h) compared
with control cells (p < 0.05, Figure 4B).

Cells migration rate did not differ in negative
control and pcDNA3.1 transfected cells com-
pared to control cells (p > 0.05, Figure 4C).
However, it was significantly reduced (from 20%
at 24 h to 5% at 72 h) in IKK-B-siRNA transfect-
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ed cells (p < 0.05), and was significantly in-
creased (from 49% at 24 h to 91% at 72 h) in
pcDNA3.1-IKK-f transfected cells compared
with control (p < 0.05).

Discussion

The development and migration of LSCC is a
complex process which is associated with
changeable expression of multiple genes'**. In
the present study, 3 differentially expressed cy-
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tokines (TNFR1, IKK-f, and FADD) involved in
NFxB signaling pathway were identified in
LSCC cells compared with controls using protein
array. Among them, IKK-f3 had significant corre-
lation with clinicopathological characteristics.
Furthermore, we found that IKK-f expression
had significant effects on proliferation, apopto-
sis, and migration of Hep-2 cells.

TNFRI1, a type I transmembrane glycoprotein,
is one of the TNF-a homologous receptors. It is
responsible for many biological processes of
TNF, such as programmed cell death, antiviral
activity, and activation of NFkB?*. The activation
of NFkB or ligation with its adapter proteins in-
cluding TNF receptor-associated protein with a
death domain (TRADD) and serine-threonine ki-
nase receptor-interacting protein 1 (RIP1) is car-
ried out through a death domain of TNFR1%.
Once associated with TNFR1, TRADD would
recruit TRAF2, which forms complexity with
cellular inhibitor of apoptosis protein (cIAP) -1
and cIAP-2 via its N-terminal RING domain®?°.
Then, the formed complex recruits TGF-f acti-
vated kinase (TAK) 1 and IKK proteins?’ and
subsequently activates the anti-apoptotic path-
way mediated by NFxB. Although NF«B signal-
ing pathway can be activated by different signals,
the final step is mediated by IKK proteins. IKK
proteins consist of IKK-o, IKK-f, and IKK-y.
Among them, IKK-f is the most important cat-
alytic subunit and its active effect is an early
event in the activation of NFkB pathway?*%. Pre-
vious studies have suggested that the absence of
IKK-f will block the activation of NFkB through
protecting the inhibitory subunit IxBa from
degradation, and thereby inhibit cell growth3*-3%
Besides, FADD is a common conduit in TNF-a
mediated apoptosis. In this process, a death in-
ducing signaling complex comprised of TRADD,
FADD, and pro-caspase-8 is formed, and subse-
quently initiates a cascade downstream apoptotic
signaling including BH3 interacting domain
death agonist, Cytochrome c, Apaf-1, caspase-9,
and caspase-3, and thereby promotes cell apopto-
sis?*3. In our present study, TNFR1 and IKK-f
were high-expressed and FADD was down-ex-
pressed in LSCC cells. Therefore, we suggest
that abnormal expressions of TNFR1, IKK-f,
and FADD are closely associated with the activa-
tion of NFkB signaling pathway. In the develop-
ment of LSCC, both apoptotic pathway involved
FADD and anti-apoptotic pathway mediated by
IKK-p are initiated in LSCC cells. However, the
anti-apoptotic pathway is dominant due to high

expression of IKK-f and low expression of
FADD.

Additionally, we found that the expression level
of IKK-f is significantly correlated with poorly-
differentiation, high histologic grade and node
metastasis in our study. Tang et al*® reported that
activation of genes along NFkB pathway includ-
ing NIK, IKK-a, IKK-f3, and NFkB gene were
important in initiating cell proliferation. In mice,
IKK-p-deficient embryonic fibroblasts died at ap-
proximately 14.5 days of gestation because of liv-
er degeneration and apoptosis®. Hence, it has
been indicted that suppression of the activation of
NF«xB signaling pathway can lead to enhanced
apoptosis of tumor cells*'*’. Besides, in gliomas,
inactivation of NFkB pathway by down-regulating
IKK-f markedly reduced the migration and inva-
sion ability of cells®. In highly-metastatic human
breast cancer cells, induced apoptotic effect and
suppressed migration and invasion were also
found because of decreased expression of several
genes including IKK-o and IKK-f*. Our research
indicates a similar result if compared to the previ-
ous studies. Thus, abnormal IKK-f} expression has
significant effects on proliferation, apoptosis, and
migration of Hep-2 cells through association with
the NFkB signaling pathway in LSCC cells.

Conclusions

Overall, the NFkB signaling pathway related to
TNFRI1, IKK-B, and FADD is significantly asso-
ciated with the development of LSCC. Over-ex-
pressed IKK-f has positive effects on cells prolif-
eration and migration, and efficiently inhibits
apoptosis. However, this is a multiplex process
since there are several chains combining TNFR1
with stimulation of IKK complex and activation of
the classical NFkB signaling pathway. Therefore,
further knockout or point mutation experiments
for one gene or multiple genes involved in NFxB
signaling pathway are still needed to further study
the details in the carcinogenesis of LSCC.
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