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Abstract: C4.4A, a member of the Ly6/uPAR family of membrane proteins, has been identified as a metastasis-as-
sociated molecule, but little is known about its actual expression and possible function in head and neck squamous 
cell carcinoma (HNSCC). To explore diagnostic and prognostic roles of C4.4A in HNSCC, we investigated the expres-
sion of C4.4A in human HNSCC tissue array which contains 43 HNSCC, 6 epithelial dysplasia and 16 normal oral 
mucosa. Expression of C4.4A was significantly increased in epithelial dysplasia and HNSCC when compared with 
normal oral mucosa. Moreover, high C4.4A expression indicated a rather poor prognosis of HNSCC patients. To bet-
ter understand the function of C4.4A in HNSCC progression, we investigated epithelial to mesenchymal transition 
(EMT) associated proteins including transforming growth factor (TGF-β1), Slug and CD147 in HNSCC. The expres-
sion of TGF-β1, Slug, and CD147 was significantly increased in HNSCC when compared with normal oral mucosa. 
Meanwhile, the expression of C4.4A was significantly correlated with TGF-β1, Slug, and CD147 in HNSCC tissue ar-
ray. Furthermore, knockdown of C4.4A decreased the cell invasion and migration in CAL27 cell line and suppressed 
the EMT with increased E-cadherin and decreased N-cadherin and Slug. Our study demonstrated that C4.4A was a 
potential marker for prognosis of HNSCC, and C4.4A participated in EMT program in HNSCC progression.
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Introduction

Head and neck squamous cell carcinoma 
(HNSCC) is the sixth most common cancer 
around the world [1]. The main characteristics 
of HNSCC may be its loco-regional invasion and 
metastasis to cervical lymph nodes [2]. Despite 
lots of research efforts, the survival rate of 
HNSCC has not markedly improved in recent 
decades because of a high incidence of loco-
regional recurrences, distant metastases and 
second primary tumors [3]. Thus, discovering 
the biological factor regulating HNSCC invasion 
and metastasis is important.

The C4.4A protein, a structural homologue to 
the urokinase-type plasminogen activator 
receptor [4, 5], was regarded as a potential 
metastasis-associated molecule [6, 7]. Pre-
vious studies have demonstrated that C4.4A 
was associated with various human cancers, 

including bladder cancer [7], esophageal can-
cer [8], colorectal cancer [9] and lung cancer 
[10]. Interestingly, C4.4A preferred to highly 
express at the tumor invasive fronts rather than 
tumor core, implying a possible connection of 
C4.4A to the invasive process [11]. These find-
ings suggest the potential role of C4.4A in can-
cer invasion and metastasis, but further char-
acterization of C4.4A in terms of expression 
and mechanism in HNSCC remain to be 
explored. 

Emerging evidence demonstrated that Epi- 
thelial-mesenchymal transition (EMT) played an 
important role in HNSCC invasion and metasta-
sis [12, 13]. During EMT process, tumor cells 
lost their epithelial characteristics, including 
cell-cell adhesion and polarity, and obtained 
mesenchymal traits, including motility, invasive-
ness [14]. Transforming growth factor-beta 1 
(TGF-β1), a pleiotropic cytokine secreted by 
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cancer cells, has been shown it could process 
EMT in cancers [15, 16]. Continuous research 
illustrated that the transcription factor Slug is 
the key molecule regulating EMT program in 
cancer [17, 18]. CD147 is a membrane glyco-
protein involved in cell adhesion by regulating 
matrix metalloproteinases, and participated in 
EMT of cancer [19]. 

In this study, to investigate the role of C4.4A in 
HNSCC progression, we explored the expres-
sion of C4.4A, TGF-β1, Slug and CD147 in 
human HNSCC tissue microarray and analyzed 
correlation of C4.4A, TGF-β1, Slug and CD147. 
Furthermore, the impacts of C4.4A on cell 
migration and EMT of HNSCC were studied by 
knockdown of C4.4A in vitro. 

Material and methods

Chemical and reagents

Chemical and reagents for experiment were 
purchased from Sigma-Aldrich unless other-
wise specified. C4.4A siRNAs were purchased 
from Sigma-Aldrich. Primary antibody against 
human C4.4A was purchased from Abcam. 
TGF-β1, and Slug were purchased from Cell 
Signaling Technology (Danvers, MA), CD147 
was purchased from Proteintech Group, Inc.

Ethics statement, patients’ specimens and hu-
man HNSCC tissue microarray

This study was approved by the School and 
Hospital of Stomatology of Wuhan University 
Medical Ethics Committee, and informed con-
sent was acquired from the patients before the 
surgery. All the patients’ tissues histologically 
confirmed HNSCC were collected from the 
Hospital of Stomatology of Wuhan University. 
The clinical stage of HNSCC was classified 
based on the guidelines of the International 
Union Against Cancer (UICC 2002), and histo-
logical grade was confirmed according to the 
classification scheme of the World Health 
Organization. HNSCC tissue array of were con-
structed with 1.5 mm tissue cylinders from 
each patient’s specimen mentioned above in 
collaboration with the Shanghai Biochip 
Company, Ltd, Shanghai, China.

Immunohistochemical staining

Immunohistochemistry for tissue microarray 
was performed as follows. Firstly, tissue micro-

array sections were deparaffinized and hydrat-
ed. Antigen retrieval was performed by using 
citric acid buffer solution (pH 6.0) at high tem-
perature and pressure. Then the sections incu-
bated with 3% hydrogen superoxide to quench 
endogenous peroxidase activity and 10% nor-
mal goat serum to block non-specific binding. 
Next the sections were incubated overnight at 
4°C with polyclonal rabbit anti-human C4.4A 
(Abcam, 1:200), TGF-β1 (Cell Signaling Tech- 
nology, 1:200), Slug (Cell Signaling Technology, 
1:200), CD147 (Proteintech, 1:400). Then, the 
sections were incubated with a secondary bio-
tin-labeled antibody solution and streptavidin 
peroxidase. Finally, the sections were washed 
with phosphate buffer saline, incubated with 
3,3’-diaminobenzidine tetrachloride and then 
counterstained with Mayer’s haematoxylin.

Scoring system, hierarchical clustering

Tissue array sections were scanned using an 
Aperio ScanScope CS scanner (Vista, CA, USA) 
with background subtraction and quantified 
with Aperio Quantification software (Version 
9.1) for membrane, nuclear, or pixel quantifica-
tion. Histoscore of membrane and nuclear 
staining was calculated using the formula 
(3+)×3+(2+)×2+(1+)×1 [20]. Histoscores were 
translated to scaled values centered at zero in 
Microsoft Excel, and the hierarchical analysis 
was performed by the Cluster 3.0 and Java 
TreeView 1.0.5. 

Cell culture, siRNA knockdown assay

Human head neck cancer cell line CAL27, FaDu, 
SCC-4, SCC-9, SCC-25 were bought from the 
American Type Culture Collection (Manassas, 
VA), and cells were maintained in DMEM with 
10% fetal bovine serum at 5% CO2 and 37°C. 
The CAL27 cell line was transfected with C4.4A 
siRNA (100 nM, Sigma-Aldrich) by using 
HiPerfect transfection reagent (Qiagen, Ger- 
mantown, MD).

Cell immunofluorescence

CAL27 cells were seeded on coverglass slide 
chambers (Millipore). After designed treatment, 
the cells were fixed by 4% paraformaldehyde at 
room temperature for 15 min, and then perme-
abilized with 0.3% triton X-100. After blocked 
with 2.5% BSA for 1 h, the cells were incubated 
with primary antibody overnight at 4°C. PerCP-
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Cy5.5-conjugated secondary antibody (Jackson 
ImmunoResearch, USA, 1:200) was used for 
detection and DAPI for nucleus counterstain-
ing. The primary antibodies included the follow-
ing: C4.4A antibody (Abcam, 1:200), TGF-β1 
antibody (Cell Signaling Technology, 1:300), 
Slug antibody (Cell Signaling Technology, 
1:400), CD147 (Proteintech, 1:300). The slides 
were observed by a fluorescent microscope. 
Representative cells were selected and 
photographed.

Western blot

CAL27 cells were treated with indicated con-
centrations of C4.4A siRNA (100 nM) in DMEM 
for 48 h. Then the cells were lysed in M-PER 
Mammalian Protein Extraction Reagent (Pierce, 
Rockford, IL). Protein concentrations were 
determined by BCA assay kit (Pierce). The total 
protein was separated by using 10% SDS-
polyacrylamide gel electrophoresis, transferred 
onto polyvinylidene fluoride (PVDF) membranes 
(Millipore Corporation, Billerica, MA), blocked 
with 4% dry milk at room temperature for 1 
hour, and incubated with antibodies against 
C4.4A (Abcam 1:1000), E-cadherin (Cell 
Signaling Technology, 1:1000), N-cadherin (Cell 
Signaling Technology, 1:1000), and Slug (Cell 
Signaling Technology, 1:1000). The blots were 
then incubated with HRP-conjugated second-
ary antibody (1:2000; Santa Cruz Biote- 
chnology). Finally, bands were visualized 
through a chemiluminescent detection system, 
(West Pico, Thermo) and bands density was cal-
culated with ImageJ software packages.

Wound healing assay

CAL27 cells were seeded in 6-well plates 
(Corning Life Sciences, USA) at 1.0×105 cells/
well. CAL27 cells were treated with C4.4A siRNA 
and with counterpart control as described 
above. When cells reached 80% confluence, 
the center of each well was scratched with a 
sterile pipette tip to generate a constant gap. 
After incubated with medium containing no FBS 
for 24 hours, cells were fixed and photographed 
under a phase microscope and counted as pre-
viously described [21]. Each assay was per-
formed in triplicate.

Transwell assays

In vitro transwell assay was performed using 
Costar Transwell inserts (#3422, pore size, 8 

μm) (Corning, Albany, NY) as described previ-
ously. For transwell migration assays, CAL27 
cells were added into the upper chamber with a 
non-coated membrane in each group at a den-
sity of 105/well in 100 ul serum-free medium. 
For transwell invasion assay, CAL27 cells were 
added into the upper chamber coated with 
Matrigel (BD Biosciences) in each group at a 
density of 105/well in 100 ul serum-free medi-
um. Meanwhile 10% FBS medium was added to 
the bottom chamber to stimulate migration and 
invasion. After incubation for 24 h at 37°C, 
cells migrated to the bottom surface of cham-
ber inserts and the cells that had invaded 
through Matrigel were fixed and stained with 
Hematoxylin, and then photographed and 
quantified. CAL27 cells were treated with C4.4A 
siRNA and with counterpart control as describe 
above. Each assay was performed in triplicate.

Statistical analysis

Statistical data analysis was performed with 
GraphPad Prism 5.01 (GraphPad Software, 
Inc., La Jolla, CA) statistical packages. One-way 
ANOVA followed by the post-Turkey or Bonferroni 
multiple comparison tests was used to analyze 
the differences in immunohisochemical stain-
ing. Two-tailed Pearson correlation was used 
for correlated expression of C4.4A, TGF-β1, 
Slug and CD147 after confirmation of the sam-
ple with a Gaussian distribution. Mann-Whitney 
U test and student t test was used to analyze 
differences in Western blotting and immunoflu-
orescence. Mean values ± SEM with P < 0.05 
was considered statistically significant.

Results

C4.4A was over expressed in human HNSCC 
and served as a risk factor for clinical progno-
sis

To assess protein expression of C4.4A in 
human HNSCC, we performed immunohisto-
chemical staining of C4.4A in human HNSCC 
tissue array including normal oral mucosa 
(n=16), epithelial dysplasia (n=6) and HNSCC 
(n=43). We found that C4.4A mostly located in 
membrane and cytoplasm of HNSCC cells at 
the invasive front (Figure 1A). Through quantifi-
cation, we found C4.4A expression in epithelial 
dysplasia and HNSCC is rather strongly positive 
than normal oral mucosa (P < 0.01 and P < 
0.001, Figure 1B). To further explore whether 
C4.4A is associated with HNSCC progression, 



C4.4A correlates with EMT in HNSCC

3508 Am J Cancer Res 2015;5(12):3505-3515

we compared C4.4A expression in different 
Grades of HNSCC (Figure S1A). Unfortunately, 
no difference was found between them, same 
results were found in different T categories and 
N categories (Figure S1B and S1C). However, 
when we discuss the prognosis value of C4.4A 
by using Kaplan-Meier method, we found high 
C4.4A expression indicated a rather poor prog-
nosis of HNSCC patients, whereas log-Rank 
analysis indicated that cumulative rate of the 
patients with high C4.4A (P=0.1176, n=19, 
Figure 1C) expression did not reach statistical 
significance. 

We also investigated some EMT-associated 
proteins in the human HNSCC tissue array, we 
found that TGF-β1 mainly located in cytoplasm 
and extracellular matrix of HNSCC cells, while 
Slug was mainly expressed in nucleus, and 
CD147 is obviously expressed on the mem-
brane of HNSCC cells. To precisely evaluate the 

differences, we quantified the expression of 
TGF-β1, Slug, and CD147 (Figure 2A). The 
quantitative results showed that expression of 
TGF-β1, Slug, and CD147 was increased in 
HNSCC when compared with normal oral muco-
sa and this difference was statistically signifi-
cant (Figure S1D). 

C4.4A expression is correlated with TGF-β1, 
Slug, and CD147 in human HNSCC tissue

To evaluate the association of C4.4A with TGF-
β1, Slug, and CD147 in HNSCC, we analyzed 
the quantification of immunehistochemical 
staining by the Spearman rank correlation coef-
ficient test and linear tendency test. Results 
showed that expression of C4.4A in HNSCC was 
significantly correlated with TGF-β1 (P < 0.01, 
r=0.3623), Slug (P < 0.01, r=0.3276) and 
CD147 (P < 0.01, r=0.3810), and linear regres-
sion demonstrated the positive trendline 

Figure 1. C4.4A expression is up regulated in head and neck squamous cell carcinoma (HNSCC) tissue array and 
HNSCC cell lines. A. Representative pictures of C4.4A expression in normal oral mucosa and HNSCC by immunohis-
tochemical staining; B. Quantification of Histoscores of C4.4A expression in normal oral mucosa (n=16), epithelial 
dysplasia (n=6) and HNSCC (n=43). C4.4A expression in oral epithelial dysplasia and HNSCC was higher compared 
with that in normal oral mucosa (***, P < 0.001; One-way ANOVA); C. Patients with high C4.4A expression have a 
rather poor prognosis compared with patients with low expression (P=0.1176, n=38). 
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between C4.4A with TGF-β1, Slug, and CD147 
(Figure S2). Meanwhile, cluster results also 
showed the close relation of C4.4A with TGF-
β1, Slug, and CD147. These findings imply the 
possible function of C4.4A in EMT process of 
HNSCC.

Knockdown of C4.4A decreases HNSCC cell 
line migration and invasion

To determine the role of C4.4A in migration and 
invasion of HNSCC, we detected the expression 
of C4.4A in HNSCC cell lines. As Figure 3A 

Figure 2. C4.4A expression is correlated with TGF-β1, Slug, and CD147 in human HNSCC tissue. A. Representa-
tive IHC staining of TGF-β1, Slug, and CD147 in human HNSCC tissue compared with those of normal oral mucosa 
(Scale bars =100 μm); B. Hierarchical clustering demonstrated that the correlation between C4.4A, TGF-β1, Slug, 
and CD147 in human HNSCC tissue array.
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showed, protein C4.4A expression was up-regu-
lated in HNSCC cell lines (FaDu, SCC-4, SCC-9, 
SCC-25, CAL27) compared with normal kerati-
nocytes (OKC). CAL27 cell line was selected, 
which had a higher content of C4.4A. Two differ-
ent siRNA were designed for knockdown of 
C4.4A. Based on the suppression efficiency 
(Figure 3B), siRNA1 was employed to per-
formed wound healing and Boyden chamber 
invasion assay to detect the migration and 
invasion potential. As the results showed, 
knockdown of C4.4A notably decreased the cell 
mobility of CAL27 cell line, and the cell number 
of migration after 24 hours is quite different 
between control group and C4.4A siRNA treat-
ment group (P < 0.01) (Figure 3C and 3D). Then 
we examined the invasion ability of CAL27, 
knockdown of C4.4A could also significantly 
decreased the invasive cell number compared 
with that in control group (P < 0.001) (Figure 
3E). Meanwhile, results of experiments using 
siRNA2 were showed in Figure S3. Together, the 
results demonstrated that knockdown of C4.4A 
decreased the ability of cell migration and inva-
sion of HNSCC.

Knockdown of C4.4A suppress EMT process in 
HNSCC cell line

To better understand the mechanism of how 
C4.4A affects metastasis of HNSCC cell line, 
we explored the effect of C4.4A on EMT epithe-
lial marker E-cadherin, N-cadherin and EMT 
transcriptional factor Slug. As the Weston Blot 
analysis showed, knockdown of C4.4A could 
obviously suppress the protein expression of 
N-cadherin and Slug, and partially suppress 
Vimentin, while it could increase the expression 
of E-cadherin in CAL27 cell line (Figure 4A). 
Furthermore, immunofluorescence results also 
demonstrated knockdown of C4.4A increased 
E-cadherin expression and decreased N- 
cadherin and Slug expression in CAL27 cell line 
(Figure 4B and 4C). These findings suggest that 

knockdown of C4.4A could inhibit the EMT 
progression.

Discussion

In this study, we investigated the protein 
expression of C4.4A in human HNSCC tissue 
array. We found that C4.4A tended to express 
in invasive front of HNSCC, which suggested 
the possible function of C4.4A in the invasive 
process. Quantification results showed that 
C4.4A expression was significantly increased in 
human HNSCC compared with normal oral 
mucosa. And C4.4A expression in epithelial 
dysplasia was increased compared with normal 
oral mucosa, while C4.4A expression in epithe-
lial dysplasia was similar to that in HNSCC. 
Meanwhile, the analysis of clinical data of 
HNSCC tissue array suggested that C4.4A was 
not associated with pathological grades. This 
indicated that the appearance of C4.4A might 
be an early event in HNSCC progression and 
was constitutively activated. It has been report-
ed that C4.4A expression increased in meta-
static lymph nodes and metastatic skin lesions 
compared with primary malignant melanoma 
[22]. However, in this study, no difference was 
found between node-negative and node-posi-
tive HNSCC, for which more cases may be 
needed. 

Evidence showed that C4.4A was associated 
with a poor prognosis in colorectal cancer, 
esophageal squamous cell carcinoma and lung 
adenocarcinama [23-25]. In present study, high 
C4.4A expression indicated a rather poor prog-
nosis of HNSCC patients, whereas no statisti-
cal significance was found. More cases and 
longer follow-up period may be needed in future 
research. 

To further explore the possible role of C4.4A in 
HNSCC, we investigated TGF-β1, Slug and 
CD147, which correlated with EMT process of 
cancers. It has been proved that EMT played an 

Figure 3. Knockdown of C4.4A decreases migration and invasion of HNSCC cell line. A. Expression of C4.4A protein 
in HNSCC cell lines was higher than normal keratinocytes cell line (OKC) as the Weston Blot results showed (Mean 
± SD; *, P < 0.05, **, P < 0.01, ***, P < 0.001, One-way ANOVA); B. Knockdown of C4.4A by two different siRNA 
(Mean ± SD; *, P < 0.05, **, P < 0.01, ***, P < 0.001, Two-way ANOVA); C. Wound healing assay showed knock-
down of C4.4A suppressed the cell mobility of CAL27 cell line, and quantification of cell numbers with ImageJ “cell 
counter” module shows the statistical significance of the difference (Mean ± SD; **, P < 0.01, student t-test with 
GraphPad Prism5.0); D and E. Transwell assay showed the migration and invasion abilities of CAL27 were impaired 
after knocking down of C4.4A compared with those of control group, and quantification of cell numbers with Image 
J “cell counter” module (Mean ± SD; **, P < 0.01, ***, P < 0.001, student t-test with GraphPad Prism5.0).
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important role in HNSCC metastasis [26, 27]. 
TGF-β1 is an epithelial-to-mesenchymal induc-
er [28], and has been reported participating in 
HNSCC progression [29]. Slug is an epithelial-
to-mesenchymal transition-inducing transcrip-
tion factor [30], and overexpression of Slug in 

HNSCC played an important role in EMT [31]. It 
has been proved that CD147 could promote 
cell proliferation and metastasis of HNSCC 
[32]. An early report indicated that CD147 pro-
moted EMT through TGF-β signaling and was 
regulated by Slug [33]. Increased expression of 

Figure 4. Knockdown of C4.4A suppresses EMT process in HNSCC cell line. A. Weston Blot analysis revealed the up 
regulation of E-cadherin and down regulation of N-cadherin, Vimentin and Slug after treating CAL27 cell line with 
C4.4A siRNA (100 nM) for 48 hours. B. Representative immunofluorescence showed knockdown of C4.4A increased 
E-cadherin and decreased N-cadherin, and Slug, bar =50 μm. C. Quantification of immunofluorescence of CAL27 
with Image J, IOD for mean integrated optical density and calculated with total optical density divided by the area 
(Mean ± SD; ***, P < 0.001, Two-way ANOVA).
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these proteins was found in HNSCC compared 
with that in normal mucosa in the tissue array. 
Furthermore, expression of C4.4A was signifi-
cantly correlated with that of TGF-β1, Slug and 
CD147. Cluster results suggested the close 
relation of C4.4A TGF-β1, Slug, and CD147. The 
evidence implies that C4.4A may be a down-
stream target of the EMT inducer TGF-β1, and 
could participate in the EMT process along with 
Slug and CD147.

A recent report suggested that the blockade of 
AGR2-C4.4A pathway reduced growth and 
metastasis of pancreatic tumor [34]. Similarly, 
our previous research showed that AGR2 could 
promote HNSCC progression by regulating can-
cer stem cell and EMT signaling pathways in 
HNSCC [35]. However, the function of C4.4A in 
HNSCC progression has not been investigated. 
We knocked down C4.4A by siRNA in CAL27 cell 
line. Inhibition of C4.4A decreased the metas-
tasis and invasion of HNSCC cells. Moreover, 
blockade of C4.4A induced the up-regulation of 
epithelial marker E-cadherin and the down reg-
ulation of N-cadherin and transcriptional factor 
Slug, but CD147 expression was invariant. 
These results showed that knocking down of 
C4.4A reduced the EMT program in HNSCC cell 
line, which indicated that C4.4A took part in 
EMT in HNSCC. Some other reporters demon-
strated that C4.4A promoted migration by 
associating with alpha6beta4 integrin [36]. 
C4.4A was also reported bind with LN1 and 
LN5 promoted transition of epithelial cells to a 
migratory phenotype [37]. In addition, in accor-
dance with our findings, an early report sug-
gested that C4.4A was associated with epithe-
lial-to-mesenchymal transition with alterations 
of EMT markers including E-cadherin, Vimentin 
and N-cadherin in colorectal cancer [38].

In summary, we studied the expression of 
C4.4A in human HNSCC tissue microarray and 
function of C4.4A in vitro, and demonstrated 
that the aberrant expression of C4.4A promot-
ed the invasion and metastasis of HNSCC. We 
further found that blockade of C4.4A reduced 
the EMT program in HNSCC. Thus, C4.4A may 
be a potential therapeutic target for HNSCC. 
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Figure S1. C4.4A expression was not correlated with TNM stages in HNSCC tissue array. A. C4.4A expression is not 
correlated with different pathological grades (I-III) of HNSCC; B. C4.4A expression was not correlated with T category 
of HNSCC; C. C4.4A expression was not correlated with lymph node metastasis of HNSCC; D. Expression of TGF-β1, 
Slug, and CD147 was increased in HNSCC when compared with normal oral mucosa (Mean ± SD; *, P < 0.05, **, 
P < 0.01, ***, P < 0.001, t test).
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Figure S2. Expression of C4.4A is correlated with expression of TGF-β1, Slug, and CD147. Quantification and corre-
lation of C4.4A with TGF-β1 (P < 0.01, r=0.3623, one-way ANOVA), Slug (P < 0.01, r=0.3276, one-way ANOVA), and 
CD147 (P < 0.01, r=0.3810, one-way ANOVA) was performed in human HNSCC tissue array.
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Figure S3. C4.4A is knocked 
down by siRNA2 in HNSCC 
cell line. A. Transwell assay 
showed the cell migration 
ability was not changed after 
knocking down of C4.4A; B. 
Transwell assay showed the 
cell invasion ability was de-
creased after knocking down 
of C4.4A; C. Weston blot analy-
sis showed the change of EMT 
marker after knocking down of 
C4.4A.


