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Abstract

This study was performed to identify the potential role of Alpha-2 Heremans Schmid Glycoprotein

(AHSG) in Head and Neck Squamous Cell Carcinoma (HNSCC) tumorigenesis using an HNSCC

cell line model. HNSCC cell lines are unique among cancer cell lines, in that they produce

endogenous AHSG and do not rely, solely, on AHSG derived from serum. To produce our model,

we performed a stable transfection to down-regulate AHSG in the HNSCC cell line SQ20B,

resulting in three SQ20B sublines, AH50 with 50% AHSG production, AH20 with 20% AHSG

production and EV which is the empty vector control expressing wild-type levels of AHSG.

Utilizing these sublines, we examined the effect of AHSG depletion on cellular adhesion,

proliferation, migration and invasion in a serum-free environment. We demonstrated that sublines

EV and AH50 adhered to plastic and laminin significantly faster than the AH20 cell line,

supporting the previously reported role of exogenous AHSG in cell adhesion. As for proliferative

potential, EV had the greatest amount of proliferation with AH50 proliferation significantly

diminished. AH20 cells did not proliferate at all. Depletion of AHSG also diminished cellular

migration and invasion. TGF-β was examined to determine whether levels of the TGF-β binding

AHSG influenced the effect of TGF-β on cell signaling and proliferation. Whereas higher levels of

AHSG blunted TGF-β influenced SMAD and ERK signaling, it did not clearly affect proliferation,

suggesting that AHSG influences on adhesion, proliferation, invasion and migration are primarily

due to its role in adhesion and cell spreading. The previously reported role of AHSG in

potentiating metastasis via protecting MMP-9 from autolysis was also supported in this cell line

based model system of endogenous AHSG production in HNSCC. Together, these data show that
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endogenously produced AHSG in an HNSCC cell line, promotes in vitro cellular properties

identified as having a role in tumorigenesis.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) includes cancers of the lips, oral cavity,

salivary glands, nasal cavity, sinus, throat and larynx and is the 6th leading cause of cancer

mortality in the world [1]. In 2012, it was estimated that approximately 37,000 Americans

would be diagnosed with oral or pharyngeal cancer, with the preponderance diagnosed as

late stages III and IV disease [2]. African-Americans are more likely diagnosed in advanced

stages after adjustments for socioeconomic status, insurance status and other confounding

factors [3]. The overall 5-year survival rate is 59%, although African-Americans have a 5-

year survival rate of 39.5% which is broken down to 34% for African-American males and

52% for African American females [3, 4]. There are no prognostic markers or biomarkers

for HNSCC and treatment is problematic due to a propensity for reoccurrence and loco-

regional metastasis [5, 6]. Early diagnosis and an understanding of the progression of

HNSCC would yield better results in treatment. In an attempt to identify serum biomarkers

for HNSCC, we demonstrated that AHSG was elevated almost three times in the serum

proteome of late stage HNSCC patients compared to controls and immunoblot analysis

confirmed the presence of AHSG in primary tumors (Yarbrough and Marshall, unpublished

data).

AHSG is a 63-kDa glycoprotein synthesized by the liver and secreted into the serum. The

most widely accepted physiological function of AHSG is bone remodeling and inhibition of

unwanted systemic ectopic calcification [7]. AHSG is associated with brain development

and immune function including functioning as an anti-inflammatory mediator that

participates in the inhibition of apoptosis of vascular smooth muscle cells [8]. It is a negative

acute phase response protein [9], whose production decreases as disease load increases. We

have shown, using in vivo animal models, that AHSG promotes breast cancer progression

[9] and Lewis Lung Carcinoma tumorigenesis [10]. AHSG has been shown to be TGF-β

receptor mimic in that its TRHI (TGF-β receptor II homology domain I) motif closely

resembles the TGF-β receptor II in structure. Therefore the level of AHSG expression or

secretion can significantly alter TGF-β signaling in tumor cells. For example in intestinal

tumors where TGF-β drives tumorigenicity, more tumors were observed in AHSG (fetuin-A)

knockout mice [9]. Lastly we demonstrated that AHSG is capable of stabilizing matrix

metalloproteinases in solution and preventing their degradation by autolysis [11]. We

therefore followed both TGF-β signaling and the expression of MMPs in these sublines of

HNSCC and questioned whether these molecules altered the growth of the cells.

For decades, debate raged as to whether fetuin-A (the bovine homolog of AHSG) was the

major adhesion protein in serum, particularly fetal bovine serum that is generally used to
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supplement cell growth media in vitro [12]. We recently demonstrated using highly purified

fetuin-A that it was the major attachment factor [13]. In the present study, we questioned

whether AHSG, the human homolog of fetuin-A also supported attachment and growth of

tumor cells. We also analyzed TGF-β signaling in the three sub-clones with different levels

of AHSG expression.

In addition to these associations, AHSG has been shown to be a competitive inhibitor of

TGF-β [11, 12, 14]. The TRHI motif in AHSG mimics TGF-β receptor II and therefore high

expression and secretion of AHSG has the potential to down regulate TGF-β signaling. We

therefore hypothesized that high expression of AHSG in EV and AH50 sublines would

diminish TGF-β growth inhibitory properties but somehow reduce the growth of AH20

which express very low levels of AHSG.

Materials and methods

Materials

Polyclonal antibody to AHSG was purchased from Meridian (Cincinnati, OH, USA).

Monoclonal antibodies to total SMAD, pSMAD 2/3, total Erk, pERK1/2 and GAPDH were

purchased from Santa Cruz Biotechnology Inc., (Santa Cruz, CA, USA). Monoclonal

antibodies to MMP-9, β-actin and α-tubulin were obtained from Cell Signaling (Danvers,

MA, USA). Unless otherwise indicated, cell culture reagents were purchased from

Invitrogen.

Cell lines

The HNSCC cell lines SQ20B, FaDu and UMSCC47 were kindly donated by Dr. Wendell

Yarbrough (Yale University, New Haven, CT). SQ20B and FaDu were propagated in

Dulbecco's modified Eagle's medium/nutrient F-12 (DMEM/F12), supplemented with 10%

heat-inactivated fetal bovine serum (FBS)(Atlanta Biological), 250 µg/ml amphotericin B,

100 units/ml penicillin and 50 units/ml of streptomycin in a 95% air and 5% CO2 incubator

at 37 °C. DMEM/F12 without FBS or other growth factors is herein denoted serum-free

medium (SFM).

Immunoblotting

Cells were grown in T-75 flasks to 80–90% confluence in CM or SFM as indicated. Cells

were washed once in PBS (Invitrogen) and trypsinized with 2.5% trypsin (Invitrogen) and

centrifuged at 5500 rpm for 7 min at 4 °C. Cells were lysed with RIPA buffer (50 mM Tris–

HCl, pH7.4, 1% Nonidet P-40, 0.1% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA)

containing protease inhibitor mixture and phosphatase inhibitor (Sigma). Cell lysates were

separated in 4–12% SDS-polyacrylamide gels (Invitrogen) and transferred to nitrocellulose

membranes. Membranes were probed with 1:5000 of primary AHSG human anti-sheep

polyclonal antibody (Meridian) and visualized by chemiluminescence (Bio-Rad).

Densitometric quanitation of protein bands was performed using NIH Image J software.
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Messenger RNA quantitation

Cells were cultured in T-75 flasks to 80–90% confluency in complete media. Cells were

harvested by trypsinization, washed once in PBS and RNA was extracted using the Qiagen

RNeasy kit (Valencia, CA). RNA measurements were obtained using a NanoDrop

Spectrophotometer. The Qiagen One-step Platinum RT-PCR (VWR) kit was used to

generate cDNA. The primers (Invitrogen, Carlsbad, CA) were AHSG sense (Fet1: 5′-

GAGACTGTGACTTCCACATCC-3′) and AHSG antisense (Fet2: 5′-

GGTTCCATTATTCTGTGTGTTG-3′). PCR reactions were performed in duplicate. The

PCR of cDNA from the mRNA protocol was 50 °C for 50 min, 94 °C for 2 min, 94 °C for

30 s, 55 °C for 30 s, 68 °C for 1 min, and 72 °C for 7 min for 35 cycles. Real-Time PCR was

accomplished with an IQ SYBR Green Supermix kit following the manufacturer's protocol

(Bio-Rad). The copies of the targeted cDNA were normalized to α-tubulin.

RNAi

Viral stock for SQ20B transduction was generated by transfecting Phoenix cells (2 × 106

cells/well of a six well plate) with 6 µg/well of purified AHSG-targeted short hairpin RNA

(shRNA) in plasmid pSM2c (Open Biosystems, Lafayette, CO). The sequences of the

targeted sense region are AH50 5′ CGGTGCTCTTGCTAAGCTTA 3′ and AH20 5′

CGCTGTTGAAACTAGATGGCAA3′. The transfected Phoenix cells were cultured for 2–3

days, the supernatant was collected and virus was titered using Clontech Lenti-X™

GoStix™ (Mountain View, CA). SQ20B cells were transduced with 1 ml of >5 × 105

IFU/ml of viral stock then cultured in DMEM-F12 CM with 5 µg/ml puromycin. Surviving

clones were isolated and propagated in the same selection medium. Immunoblot analysis

identified cells with diminished AHSG protein expression. The resulting cell lines were

named as follows: SQ20B-EV (empty vector control), SQ20B-AHSG50 (knockdown

expressing approximately 50% the amount of SQ20B-EV AHSG) and SQ20B-AHSG20

(expressing approximately 20% the amount of SQ20B AHSG).

Cellular proliferation assay

HNSCC cell lines SQ20B, FaDu and UMSCC47 and SQ20B transformed cell lines SQ20B-

EV (EV), SQ20B-AHSG50 (AH50) and SQ20B-AHSG20 (AH20) were evaluated. Cells

were plated, in triplicate, at 5 × 103 cells per well of a 24-well plate in SFM or CM with 1%

Anti–Anti (Invitrogen). On days 0, 2, 4, 8, 10 and 12, media was removed and replaced with

100 µL of Presto-Blue diluted 1:10 in SFM. The cells were then incubated for 30 min at 37

°C. Proliferation, via cell viability was measured by fluorescence and is reported as arbitrary

fluorescence units (AFU).

Cell attachment assay

Cell lines EV, AH50 and AH20 were used to assess the affect AHSG has on cellular

adhesion. Cellular adhesion was assessed under two conditions: untreated wells with SFM

and 30 µg/ml Laminin (Sigma) coated-wells. Prior to use in cell attachment assays, laminin

coated plates were incubated for 40 min at 37 °C in 5% CO2. Excess laminin was discarded

and 2.2 × 104 cells in serum-free DMEM/F-12 were added to each well and incubated for 30

min at 37 °C. The cells were fixed in 4% Formalin (Fisher Scientific) and stained with
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crystal violet. Adherent cells were counted by frame via 20× objective. Untreated plates

were seeded and then incubated for 2 h at 37 °C. The cells were fixed in 4% Formalin,

stained with crystal violet, and counted the same as above.

Migration and invasion assay

Transwell migration assay was performed using a BD migration chamber (BD Bioscience)

with an 8 µm pore filter. Cell lines, EV, AH50 and AH20 were cultured in DMEM/F12 SFM

for 4 days. 2 × 104 cells, in 400 µL of SFM, were loaded in the upper chamber and 600 µL

of complete medium was added to the lower chamber. The plate was incubated at 37 °C for

24 h. Cell invasion was evaluated using BD Matrigel Invasion Chamber (BD Bioscience)

with 8 µm pore polycarbonate filter with Matrigel™. The cells were loaded into the upper

chamber at a density of 2 × 104/well in SFM and 600 µL of complete medium was added to

the lower chamber. The plate was incubated at 37 °C for 24 h. Matrigel and/or cells on the

insert membranes were removed using a cotton swab. Cells that had migrated through the

insert membrane or invaded the Matrigel and insert membrane and reached the lower surface

of the filter were subsequently fixed in 3% PFA in PBS, stained with crystal violet and

counted using microscopy. Each experiment was performed in triplicate.

TGF-β signaling assays

Cell lines EV, AH50 and AH20 were cultured in SFM for three passages. Cells were then

plated in 10 cm culture plates, in SFM for 24 h at 37 °C. The monolayers were washed in

HBSS with 0.5mM Mg2+ and 0.5mM Ca2+ then treated with SFM supplemented with

human recombinant TGF-β1 (Invitrogen) at 0, 10 or 100 ng/ml (in triplicate) and incubated

for 15 min at 37 °C. Cells were then incubated, on ice, with ice cold PBS for 5 min then

removed from the plate using a cell scraper, transferred to a 15 ml conical centrifuge tube

and centrifuged at 5500 rpm for 5min. Cells were lysed with RIPA buffer containing a

protease inhibitor P8340 (Sigma). 20 µg of cell lysates were separated in 4–12% SDS-

polyacrylamide gels and transferred to nitrocellulose membranes. Membranes were probed

with 1:1000 of primary pSMAD2/3 or 1:3000 total SMAD rabbit polyclonal antibody (Santa

Cruz) or 1:1000 total Erk and 1:3000 pErk 1/2 (Santa Cruz), using chemiluminescence (Bio-

Rad).

Zymography

MMP-9 activity was quantified by gelatin zymography of SF conditioned media and cell

lysates from EV, AH50 and AH20. Non-reducing sample buffer (62.5mM Tris–HCl, pH 6.8;

10% glycerol; 0.1% bromophenol blue) was mixed with 8 µg of total protein from

homogenate supernatants and electrophoresed on 9% SDS-polyacrylamide gels (SDS-

PAGE) containing 0.1% gelatin (w/v). The gels were then washed (four times, 20 min each)

at room temperature in 2.5% (v/v) Triton X-100 solution to remove excess SDS, transferred

to zymogram development buffer, (Bio-Rad), and incubated for at least 18 h at 37 °C. Gels

were fixed for 15 min with 50% methanol/7% acetic acid, washed for 30 min (six times,

5min each) with distilled water, stained for 1 h with Bio-Rad Colloidal Brilliant Blue G

(Pierce, Rockford, IL), then rinsed with distilled water.

Thompson et al. Page 5

Exp Cell Res. Author manuscript; available in PMC 2015 February 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Statistical analysis

Statistical analysis was performed using GraphPad Prism 5. Each experiment was executed

at least thrice. One-way ANOVA was used when there was only one variable to be

considered and for multivariable analysis two-way ANOVA was used to statistically analyze

data. In all cases a p-value <.05 is significant.

Results

AHSG expression in HNSCC cell lines

Initially we evaluated three human cell lines, SQ20B, FaDu and UMSCC47 for the presence

of AHSG message and protein. Varying amounts of AHSG mRNA were detected, with

SQ20B and FaDu showing greater expression than UMSCC47 (Fig. 1A and B). Immunoblot

analysis confirmed the correlation between the AHSG message and protein (Fig. 1C). We

hypothesized that AHSG enhances cell proliferation in AHSG-expressing HNSCC cell lines.

Fetal bovine serum (FBS), routinely used as a growth supplement for human cell lines, is a

source of bovine AHSG. Therefore we used serum-free media (SFM) to evaluate

endogenous AHSG production. We assessed whether the presence and abundance of AHSG

significantly altered cellular proliferation and maintenance by quantitating SQ20B, FaDu

and UMSCC47, plated in triplicate at 1 × 104 cells/well, over a period of 12 days. Cell

numbers were determined using Presto Blue and fluorescent measurements were taken at 0,

4, 8 and 12 days, respectively. We observed that a decrease in cell numbers correlates to the

amount of AHSG synthesized by each cell line (Fig. 1C and D). There were obvious

decreases in proliferation that were noted at days 8 and 12 for both FaDu and UMSCC47 as

compared to SQ20B. SQ20B cells reach a stationary phase of proliferation at day 8, while in

comparison, FaDu and UMSCC47 reached their individual stationary phases of proliferation

at day 4. By days 8 and 12, there were significantly fewer FaDu cells as compared to SQ20B

and even fewer UMSCC47 cells (Fig. 1D) in culture. This is the first report of AHSG

synthesis in human HNSCC cell lines and our data suggests that human AHSG functions as

a growth factor in vitro. The SQ20B cell line, that produced the largest amount of AHSG,

was selected for further analysis to investigate the correlation between endogenous AHSG

levels and in vitro properties associated with metastasis.

Depletion of AHSG expression in the SQ20B HNSCC cell line

AHSG was targeted using five different AHSG-pGIPZ constructs. Two SQ20B clones were

identified that expressed AHSG at levels approximately 50% (AH50) and 20% (AH20) of

wild-type quantities (Fig. 2A and B). The AHSG sequences targeted for each of these clones

are 5′ CGGTGCTCTTGCTAAGCTTA 3′ (AH50) and 5′

CGCTGTTGAAACTAGATGGCAA3′ (AH20). These two cell lines and an empty vector

(EV) transfected cell line serving as a control, were evaluated to identify the influence of

endogenous AHSG levels on adhesion, proliferation, migration, invasion and MMP-9

protection as well as the influence on TGF-β induced signaling via SMAD and ERK.
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Cell proliferation and adhesion

EV, AH50 and AH20 were used to evaluate cell proliferation in the absence of exogenous

AHSG. Viable cells were quantitated at days 0, 2, 4, 8 and 10. (Fig. 3A). Proliferation was

greatly affected by the amount of endogenous AHSG produced by the SQ20B cell lines.

From day 0 to 2, all cells appeared to be in a stationary phase of proliferation. At day four,

we began to see a significant decrease in AH20 cell numbers as compared to EV (p-

value=0096). We also noted that AH50 and EV started to move out of a lag phase and the

rate of proliferation began to vary among these two cell lines. While AH20 cells never

proliferated, EV and AH50 cells continued to proliferate (p-value=.0212) and by day 8, the

difference in proliferating cells between AH20 and EV was even more significant, p-value=.

0149 (Fig. 3A). On day 10, AH50 began to show a significant decrease in proliferation as

compared to EV, p-value=.0029. These data support the hypothesis that AHSG plays a

major role in the in vitro proliferation and maintenance of HNSCC cell lines. As squamous

cells need to adhere prior to proliferation, we further tested whether the difference in

proliferation could possibly be a consequence of the role of AHSG in cellular adhesion.

Cellular adhesion was assessed on both plastic (as the proliferation experiments were

performed on plastic) and using laminin coated wells as an in vitro representative of

extracellular matrix (Fig. 3B and C). In the laminin coated wells, we observed that at 30

min, EV was the first cell line to show signs of attachment followed by AH50 and lastly,

AH20. On untreated plastic, attachment was seen at ~2 h and progressed in the same order

as for laminin-treated wells. Cells were visualized microscopically and two fields per well

were counted. There was a significant difference in the number of attached cells when

comparing EV to AH50 and EV to AH20; p-value=.0302 and .0017, respectively (Fig. 3B).

Collectively, this data suggest that AHSG mediates enhanced cellular proliferation through

adhesion.

Role of AHSG in cell migration and invasion

Previously, we demonstrated a correlation between AHSG abundance, cell proliferation,

adhesion and long-term viability. In assessing migratory potential, AH50 showed a

statistically significant decrease in migration as compared to EV. An even greater decrease

in migration was observed in AH20 (Fig. 4A and B) relative to both EV and AH50. Invasion

for both AHSG knockdown cell lines was decreased relative to EV with AH50 decreased by

approximately 50% and AH20 by almost 85% (Fig. 4C and D). Although migration and

invasion do not always correlate, in this model these metastatic properties of AH50 and

AH20 were both decreased. This reinforces our hypothesis that AHSG supports both

invasion and migration in HNSCC. The mechanism by which AHSG mediates migration

and invasion is not completely understood and requires further investigation.

AHSG as a competitive inhibitor of TGF-β1

The TGF-β pathway, acting as a tumor suppressor, has been linked to the mechanisms for

migration and invasion in HNSCC [14–16]. We hypothesize that AHSG abrogates the tumor

suppressor activity of the TGF-β pathway.We tested our hypothesis by treating cell lines

EV, AH50 and AH20 with human recombinant TGF-β1 for 15min at 0, 10 and 100 ng/ml.

Activation of the TGF-β pathway via phosphorylation of SMAD 2/3 was evaluated by
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immunoblot. Alternative downstream effects were detected by measuring ERK

phosphorylation. There was a negative correlation between AHSG expression and

SMAD2/3 phosphorylation (Fig. 5A). In EV, SMAD phosphorylation was significantly less

than in AH50 and AH20 cell lines. This data illustrated an increase in pSMAD in a dose

dependent manner relative to the knockdown of AHSG, most specifically AH20. Contrary to

these findings, knocking down AHSG resulted in decreased phosphorylated of Erk in both

AH50 and AH20 as compared to the empty vector (Fig. 5C). At 0 and 10 ng/ml TGF-β, pErk

is significantly less in AH50 and AH20 relative to EV. This data illustrated an decrease in

pERK in a dose dependent manner relative to the knockdown of AHSG (Fig. 5B and D).

Although adding exogenous TGF-β results in partial abrogation of the ERK pathway, it did

not influence proliferation of our HNSCC cell lines (data not shown).

AHSG protection of MMP9

It is reported that MMPs are upregulated in most HNSCC patients, in particular MMP-1, 2,

9 and 11 [11]. Here, we hypothesize that AHSG protects MMP-9 from autolytic

degradation, resulting in enhanced invasive potential and that the less endogenous AHSG

there is in a cell line, the greater the degradation of MMP9. AHSG has been shown as a

stabilizer of MMP-9, which results in consistent exposure of the MMPs to the basement

membrane, compromising the integrity of the basement membrane [17]. Here this protectant

nature of AHSG to MMP-9 is evaluated.

Cells were cultured for two days then conditioned media was collected. A significantly

larger amount of MMP-9 protein was detected by immunoblot and zymography confirmed

greater activity in both the EV and AH50 conditioned media relative to AH20 (Fig. 6A and

E). These findings confirm that human AHSG prevents autolytic degradation of activated

MMP-9 in vitro, and has the potential to enhance metastasis, through this mechanism, in

HNSCC.

Discussion

The present study demonstrates that a number of established HNSCC cell lines synthesize

AHSG and depletion of AHSG significantly decreases proliferation, adhesion, migration and

invasion in vitro. Our data suggest that AHSG plays a role in tumorigenic properties of

HNSCC. The liver produces most of the AHSG that is present in blood, which then is

incorporated into cells [9, 14, 18]. For the first time we report that HNSCC cell lines

synthesize AHSG and some of these cell lines also secrete the glycoprotein, resulting in an

AHSG enriched micro-environment. In our HNSCC model we asked whether AHSG played

a role in the adhesion and proliferation of HNSCC [9, 14]. We therefore undertook a

systematic study, following knockdown strategies to demonstrate how AHSG affects

molecular determinants of tumor progression including proliferation, migration and invasion

in our HNSCC model.

It has been repeatedly reported that AHSG and its bovine homolog, fetuin-A are major

drivers of cell proliferation both in vitro and in vivo [12, 13]. Guillory et al. reported that a

lack of murine AHSG, in a murine model for breast cancer, resulted in delayed growth of

mammary tumors [9]. Here we have established that endogenous AHSG synthesized by
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HNSCC cells supports not only their rapid adhesion but also proliferation under serum free

conditions. The present studies are in agreement with our previous studies, where we

demonstrated that highly purified bovine fetuin-A/AHSG mediates not only the adhesion,

but also the growth, of breast tumor cells under serum free condition [13]. The mechanisms

by which AHSG promote adhesion, motility and cell proliferation are complex and warrant

further in depth studies [9–11, 13, 18–22]. The significance of the data presented herein, is

the demonstration that AHSG is as important as bovine fetuin-A, in the promotion of

adhesion and growth of tumor cells in vitro.

The ability of AHSG to influence the speed of adhesion of HNSCC suggests that the protein

also modulates focal adhesion assembly. Consequently the growth related signaling

mechanisms that emanate from them such as those driven by focal adhesion kinase [10, 13],

PI3 kinase/Akt and MAP kinases [9, 13]. Ultimately these pathways drive proliferation as

we have shown for the bovine fetuin-A [9, 10, 13].

Previous studies suggested that AHSG plays a role in wound healing and motility in

keratinocytes [23, 24]. Wang et al. reported that AHSG causes a significant morphological

change in keratinocytes in cells exhibiting characteristics of migratory phenotype and

cytoplasmic projections [24]. The mechanism in this work was not defined however they did

report that the AHSG-associated migration activity of primary keratinocytes is largely

independent of EGFR signaling and did not involve AKT1 or CDC42. However, Faber et al.

found that SDF-1α had great effect on migration in CD44þCXCR4þHNSCC cell lines [25,

26]. We recently showed that purified fetuin-A was a powerful chemo-attractant for breast

and colon cancer cells. HNSCC is frequently diagnosed with loco-regional metastasis [5, 27]

and in fact, it is often referred to as a disease characterized by an occult, or unknown,

primary due to the frequent presentation with an enlarged metastatic lymph node and no

obvious primary lesion [5, 6, 28]. This suggests that some HNSCC cells are particularly

adept at metastasizing before the primary tumor is even detected. It is possible that the

ability to migrate within the confines of the tumor microenvironment may be facilitated by

AHSG.

We previously demonstrated that AHSG interacts with MMPs, particularly MMP-9 and

protects them from autolysis [11]. This is supported by this current data showing stable

MMP-9 protein and associated enzymatic activities cells transfected with empty vector, and

exhibiting 100% of wild-type AHSG protein levels, while MMP-9 protein and activity level

is reduced in AHSG depleted cells. Interestingly, increased MMP-9 activity in HNSCC

tumors has been reported [29–33]. This increase may be due in part to the increase of

MMP-9 expression that is mediated by TGF-β1 [34].We show more MMP-9 activity in

AH50 than EV. This may be due to the ability of TGF-β1 to enhance expression of MMP-9.

The ability of AHSG to stabilize these enzymatic proteins could explain enhanced invasive

capacity of the SQ20B (EV) and reduced invasiveness in the SQ20B-AHSG depleted cell

lines AH50 and AH20.

Whereas the present data do not suggest that TGF-β plays an active in vitro role in adhesion,

growth, motility or invasion of HNSCC, we cannot rule out its involvement in vivo.

Increased expression of AHSG as HNSCC progresses is likely to neutralize TGF-β signaling
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which has been shown to be inhibitory during transformation but is stimulatory in

progressed and metastatic tumors [35].

In summary, the present work shows for the first time that AHSG is synthesized in human,

non-hepatic cell lines and is a promoter of cell growth in head and neck squamous

carcinoma cells specifically. We have also demonstrated that apart from growth promotion,

AHSG promotes the motility and invasion of the tumor cells, suggesting that it is a

molecular determinant of progression in HNSCC. The HNSCC cells that synthesize and

secrete AHSG are therefore a valuable resource for studies aimed at understanding tumor

progression and treatment modalities in head and neck cancers.

Conclusion

In conclusion, our data show multifaceted functions of AHSG in the progression of HNSCC.

By depleting AHSG in the SQ20B cell line, we show decreases in adhesion, proliferation,

migration and invasion. In future studies, transcriptomic and proteomic analyses of the

depleted AHSG cell lines will be helpful in elucidating some of the effects associated with

AHSG. This AHSG involvement with HNSCC may provide better insight into possible

targets for therapeutic treatment.
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Fig. 1.
AHSG message and protein levels in HNSCC cell lines. (A) HNSCC cell lines FaDu,

SQ20B and UMSCC47 were serum-starved for 48 h. Cells were washed twice with PBS.

RNA was extracted using the Qiagen RNeasy Kit. Equal concentrations of each RNA

sample were used to detect mRNA expression. (B) Densitometric analysis of AHSG and β-

actin. AHSG relative expression was determined by normalization to β-actin. (C) The

indicated HNSCC cell lines were serum-starved for 48 h. Cells were washed twice with PBS

and cells were removed from the flask by scraping to ensure intact cell surface receptors
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were included. Protein was released from cells in RIPA buffer. Equal amounts of proteins

were dissociated and analyzed in 4–12% SDS gels and immunoblotting with the indicated

antibodies. (D) Cells were harvested by trypsinization, rinsed and SQ20B, FaDu and

UMSCC47 were resuspended in serum-free medium. Cells (1 × 104 cells/well) were seeded

in SFM in 24-well plates, and incubated at 37 °C. A total of 4 plates per experiment were

seeded and at days 0, 4, 8 and 12, Presto Blue was added at a ratio of 1:10 and absorbance

read at 570 nm after incubation for 30 min at 37 °C to give relative viable cell numbers. Bars

represent mean cell numbers ± SD from three independent experiments.
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Fig. 2.
RNAi Mediated AHSG Subline Generation from the SQ20B HNSCC Cell Line. (A)

Parental SQ20B cells were transduced with empty vector (EV) or small hairpin RNAs

(AH50 and AH20) targeting distinct regions of the coding sequence of AHSG. Stable

puromycin-selected clones were expanded and the extent of AHSG depletion assessed by

immunoblotting using antibodies against AHSG. (B) Densitometric analysis of AHSG

expression of AHSG-depleted SQ20B sublines. AHSG expression levels were normalized to
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GAPDH. Bars represent AHSG expression ± SD from three independent experiments

relative to the expression level in the parental SQ20B cells.
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Fig. 3.
AHSG drives the adhesion and proliferation of human SQ20B HNSCC sublines EV, AH50

and AH20. (A) Cells were harvested by trypsinization, rinsed in SFM and EV, AH50 and

AH20 were re-suspended in SFM (DMEM/F12). Cells (5 × 103 cells/well) were seeded in

24-well plates, and incubated at 37 °C. At day 0, 2, 4, 6, 8 and 10, Presto Blue was added at

a ratio of 1:10 and the plates were read in fluorescence plate reader (Excitation 535 nm;

Emission 590 nm) after 30min of incubation to give arbitrary fluorescence units (AFU) as a

measure of relative numbers of viable cells (p-value * =.009, ** =.01, *** =.0003 and ****
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=.003). GraphPad Prism was used for statistical analysis. (B) Sublines of SQ20B cells, EV,

AH50 and AH20 were harvested using 2mm EDTA, rinsed and resuspended in SFM. Cells

(2 × 104 cells/well) were seeded in laminin coated wells and incubated for 30 min at 37 °C.

The cells were fixed in 4% Formalin and stained with crystal violet. Adherent cells were

counted under a microscope (20× objective) and reported as relative number of cells/field of

view. (C) The sublines EV, AH50 and AH20 were harvested as above (panel B) and same

number of cells seeded in uncoated (plastic) wells and incubated for 2 h at 37 °C and relative

number of adherent cells determined as in panel B.
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Fig. 4.
AHSG promotes the motility and invasion of human SQ20B HNSCC sublines EV, AH50

and AH20. A) Cells were harvested by trypsinization, washed abundantly in SFM and 2.5 ×

104 cells plated in triplicate in the upper chambers of 8 µm culture inserts (panel A) or the

inserts containing a thin layer of Matrigel (panel B) in 24 well plates. Complete DMEM/F12

was added to the lower chambers followed by incubation at 37 °C for 24h. After incubation,

the media and floating cells in the upper insert chamber were aspirated and removed with a

cotton swab and cells migrated to the underside of the filters fixed and stained with crystal
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violet. Migrated cells were photographed and counted. Bars represent the mean number ±

SD of migrated (panel A) or invading (panel B) cells/field of view.
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Fig. 5.
Effect of AHSG depletion on TGF-β1 induced signaling in human SQ20B HNSCC sublines

EV, AH50 and AH20. (A–D) Sublines, EV, AH50 and AH20, were seeded and then serum-

starved for 48 h. Sublines were treated with 0, 10 or 100 ng/ml of human recombinant TGF-

β1 in HBSS for 15 min at 37°C. Total cell lysates were prepared and equal amounts of

protein used for analyses by immunoblotting. (A) Phosphorylation of SMAD2/3 was

examined by immunoblot using antibody to phosphorylated SMAD 2/3 and was compared

to immunoblot of total SMAD 2/3. (B) Densitometric quanitation of the activation of
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SMAD2/was performed following treatment with indicated TGF-β1. Phosphorylation of

SMAD2/3 was normalized to total SMAD2/3. (C) The sublines EV, AH50 and AH20 were

treated and harvested as above. Phosphorylation of ERK was examined by immunoblot

using antibody to phosphorylated ERK; detection of total ERK was used for normalization.

(D) Densitometric analysis was used to normalize pERK bands to total ERK.
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Fig. 6.
AHSG protects MMP-9 from autolytic degradation in SQ20B HNSCC sublines EV, AH50

and AH20. EV, AH50, and AH20 were cultured in serum-free media for 96 h. (A)

Conditioned medium from each cell line was collected and 6 ml of each was used for

ultrafiltration to a final volume of 100 µl. Equal concentrations were dissolved in

zymography sample buffer and analyzed. Serum-free EV conditioned medium was used as

the control. (B) Densitometric quantitation of the zymogram for MMP-9 in (A). (C) MMP- 9

protein in the concentrated conditioned medium from EV, AH50 and AH20 was quantitated

by immunoblot using antibodies to MMP-9. MMP-9 bands were normalized to GAPDH and

depicted in (D).
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