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Abstract  

Oral squamous cell carcinoma (OSCC) is the most common cancer in the head and neck 

region. The severity of OSCC has been correlated inversely with the levels of a protein 

complex called calprotectin in carcinoma cells. Intracellular expression of calprotectin in 

carcinoma cells has anti-tumor properties such as apoptosis, arrest of cell cycle at G2/M 

phase, and reduction of size of tumor in vivo, thus contributing to better tumor outcomes. 

However, in OSCC, there is significant downregulation of calprotectin protein and 

mRNA levels leading to unfavorable tumor prognosis. Solid tumors such as human 

OSCC are characterized by abnormal cell growth leading to reduced oxygen availability 

in the tissue. This creates a state of pathologic hypoxia that has been shown to modify 

gene transcription in tumor cells that favors the growth and survival of cells. The 

transcriptional change is regulated by hypoxia inducible factors (HIFs) that selectively 

upregulate transcription of genes that are essential for the growth and survival of tumor 

cells. Available evidence suggests an association between hypoxia, its master regulator 

HIF-1 and calprotectin in several diseases such as inflammatory bowel disease and 

prostate cancer. The aim of this in vitro study was to determine the effect of hypoxia on 

the fate of calprotectin in squamous carcinoma cell lines. In addition, we wanted to 

determine whether there was an association between calprotectin and HIF-1 mRNA 

and/or protein levels in carcinoma cells. Squamous carcinoma cell lines (TR146 cells and 

KB HeLa-like cells) were treated with cobalt chloride to induce hypoxia. Treated cells 

were compared to control cells under normoxia. Our results suggest that intracellular 

calprotectin protein and mRNA expression levels appear to be independent of hypoxia 

and HIF-1 mRNA expression. Nevertheless, calprotectin and HIF-1 levels may be co-

regulated indirectly through RAGE signaling pathway when calprotectin is released 

extracellularly and acts as ligand for RAGE receptor activation. In conclusion, the human 

OSCC microenvironment is a complex network in which many regulatory pathways 

coexist making it a challenge to reproduce complex conditions in in vitro experiments. 

Under the experimental conditions used, calprotectin expression on the protein and 

transcriptional levels is independent of hypoxia-induced pathways. Calprotectin and HIF-
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1 mRNA may be co-regulated, however, through intracellular and extracellular 

signaling pathways.  

Key words: HNSCC, hypoxia, HIF-1, inflammation, S100A8/A9 
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Introduction  

To date, there is still no definitive cure for cancer; treatment is difficult and affected 

patients have reduced life expectancy (Bray et al, 2021). Cancer biologists are changing 

the outlook on cancer from simply a cancer cell-centric disease to a more complex 

disease that is made up of a network of stromal cells comprised of fibroblasts, vascular 

cells and inflammatory immune cells collectively forming the tumor microenvironment 

(TME) (Nie et al, 2016; Huang et al, 2015). Within the TME, oxygen availability is 

decreased, and pathologic hypoxia is a common feature of solid tumors (Zander et al, 

1985). The adaptation of cancer cells to a hypoxic environment is mainly achieved by the 

upregulation of hypoxia-inducible protein factors (HIFs) (Petrova et al, 2018). HIFs are 

major transcriptional regulators of genes in tumor cells that enhance survival and growth 

under hypoxia (Jun et al, 2018). 

In HNSCC, an important inflammatory protein complex called calprotectin (S100A8/A9) 

has been shown to be significantly downregulated in squamous carcinoma cells compared 

to normal squamous epithelial cells (Funk et al, 2015; Khammanivong et al, 2016; 

Kong et 2004). Intracellular expression of calprotectin in squamous carcinoma cells 

reflects anti-tumor properties such as decreases in cell growth and tumor size in vivo, 

induction of apoptotic signaling, and arrest of the cell cycle at G2/M phase (Argyris et 

al, 2018). Therefore, the loss of the protective role of calprotectin in HNSCC has been 

associated with poor tumor prognosis (Argyris et al, 2018).  

Calprotectin and hypoxia master regulator HIF-1 levels are associated in inflammatory 

bowel diseases (IBD) (Vavricka et al, 2016) and prostate cancer (Gebhardt et al, 2012). 

HIF-1 protein binds to the hypoxia response elements (HRE) present on the promoter 

region of the calprotectin genes (S100A8 and S100A9) (Gebhardt et al, 2012). Given 

the evidence that calprotectin can be regulated by hypoxia-associated pathways, the aim 

of this in vitro study was to determine whether hypoxia and its master regulator HIF-1 

can affect the fate of calprotectin in oral squamous carcinoma cell lines. Additionally, we 
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aimed to determine whether there was an association between calprotectin and HIF-1 in 

squamous carcinoma cell lines.  

 

Tumor Hypoxia 

One of the characteristic features of cancer is the uncontrollable proliferation of cancer 

cells (Fares et al, 2020). The oxygen needs of proliferating cells can exceed angiogenic 

capacity within the tumor tissue, creating an environment deficient in oxygen and a state 

of pathologic hypoxia (Zander et al, 1985). Hypoxia upregulates transcriptional proteins 

named hypoxia-inducible factors (HIFs). HIF proteins are heterodimeric transcription 

factors made of two subunits: an oxygen-sensitive alpha subunit (HIF-1), and oxygen-

independent beta subunit (HIF-1) (Greer et al, 2012).   

In HNSCC, endogenous specific protein markers are upregulated in response to hypoxia 

in tumor tissue. Hypoxia markers include carbonic anhydrase (CA), glucose transporter 

(GLUT), HIF-1α, and the erythropoietin receptor (EPOR) and can be used as indicators 

of disease severity (Kunder et al, 2021). Of those markers, HIF-1α and EPOR have been 

significantly correlated with poor disease-specific and disease-free survival rates in 

HNSCC (Unwith et al, 2013; Uehara et al, 2009; Winter et al, 2006). 

Increased levels of HIF-1 have been evident in various human tumors such as oral 

squamous cell carcinoma, breast, lung and kidney cancers (Talks et al, 2000; Zhong et 

al, 1999). High levels of HIF-1 protein in solid tumors has been associated with 

aggressive tumor behavior due to the upregulation of metastasis-promoting proteins such 

as vimentin, fibronectin, keratins 14, 18, 19, matrix metalloproteinase 2 (MMP-2), and 

TGF-α (Semenza et al, 2003), and the decrease in tumor suppressor proteins such as E-

cadherin (Esteban et al, 2006). Therefore, hypoxic tumors become more aggressive than 

better-oxygenated ones, and negatively impact patient outcomes in human cancers. 
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Fate of HIF-1α 

The oxygen-sensitivity of HIF-1 is attributed to the presence of an oxygen-dependent 

degradation domain (ODDD) in the protein (Chan et al, 2005). Within the ODDD, there 

are proline residues (Ivan et al, 2001) and lysine residues (Geng et al, 2012) that are 

often targets of enzymatic degradation by HIF-1 prolyl hydroxylase (Bruick et al, 2001) 

and lysyl acetyl transferase (Jeong et al, 2002), enzymes that are activated under aerobic 

conditions. Consequently, modified by enzymatic activity when subjected to normoxic 

conditions, HIF-1  protein is recognized by von Hippel-Lindau protein (pVHL), a tumor 

suppressor protein that is a member of the E3 ubiquitin protein ligase family (Maxwell et 

al, 1999; Kamura et al, 2000), which ultimately leads to the proteasomal degradation 

and ubiquitination of HIF-1  (Jaakkola et al, 2001; Masson et al, 2001). In solid 

tumors, therefore, hypoxia favors the stabilization and accumulation of HIF-1  in the 

cytoplasm of tumor cells. With the help of nuclear localization signals (Depping et al, 

2008), stable HIF-1 under hypoxia migrates into the cell nucleus where it binds with its 

coactivator, the beta subunit, to form a heterodimeric complex (HIF-αβ) (Chan et al, 

1999).  This complex binds to hypoxia response elements (HRE) in the promoter region 

of HIF target genes (Wenger et al, 2005), promoting transcriptional upregulation of 

selected genes that enhance the adaptation and survival of tumor (e.g., angiogenesis, 

metastasis, invasion, and energy metabolism) (Majmundar et al, 2010; Kallio et al, 

1998). Among the first genes found to be upregulated by HIF-αβ complex is the 

erythropoietin (EPO) gene that is responsible for the formation of new red blood cells to 

sustain adequate oxygen supply for tissue survival (Semenza et al, 1992).  

 

Calprotectin (S100A8/ S100A9) 

Calprotectin is an antimicrobial protein complex made of two protein subunits S100A8 

and S100A9 that belong to a family of low-molecular weight S100 proteins (Srikrishna 

et al, 2012).  Calprotectin is released primarily by phagocytes in response to 

inflammation and plays a major role in innate immunity when released into the 
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extracellular environment (Roth et al, 2003, Cheng et al, 2008; Sinha et al, 2008; 

Goyette et al, 2011). When released into the extracellular space, calprotectin interacts 

with cell-surface receptors such as TLR4 (Xia et al, 2018) and RAGE (Wang et al, 

2018). Engagement of these receptors activate the NF-kB pathway, inducing the 

production of pro-inflammatory cytokines and chemokines that attract neutrophils, 

macrophages, and monocytes to the site of inflammation (Gebhardt et al, 2008). 

Therefore, calprotectin is used an inflammatory biomarker and used to determine the 

severity and treatment outcomes, for example, of inflammatory bowel diseases (IBD) 

(Vavricka et al, 2016). In addition to its pro-inflammatory role when released 

extracellularly, calprotectin exhibits anti-microbial activity upon release from neutrophils 

and epithelial cells at the site of infection (Zygiel et al, 2019). The mechanism of 

antimicrobial function involves sequestration of metal ions (Zn2+, Mn2+, etc.) from the 

extracellular space thereby reducing essential metal nutrients (i.e., nutritional immunity) 

and inhibiting the growth of species such as Staphylococcus aureus (Corbin et al, 2008). 

Intracellular calprotectin also has an antimicrobial function. Intracellular calprotectin 

contributes to the effectiveness of the epithelial barrier thereby preventing the invasion of 

oral epithelial cells by invasive oral pathogens such as Porphyromonas gingivalis that is 

associated with periodontal disease (Nisapakultorn et al, 2001). Therefore, depending 

on the cellular context, calprotectin has pro-inflammatory and antimicrobial functions 

making it important in innate immunity.   

 

Calprotectin in tumors 

In the context of tumors, calprotectin plays a unique role in the behavior and fate of 

tumors depending on its cellular localization (Argyris et al, 2018). Intracellular 

expression of calprotectin in oral squamous cell carcinoma (OSCC) is associated with 

important anti-tumor functions such as downregulation of MMP-2, deceleration of cancer 

proliferation by controlling the cell cycle at G2/M phase, and induction of apoptosis by 

carcinoma cells (Khammanivong et al, 2013; 2016; Silva et al, 2014).                          

In contrast, when calprotectin is released from tumor cells to the extracellular 
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environment, it interacts with TLR4 and RAGE and promotes inflammation-associated 

carcinogenesis as seen in prostate cancer cell lines (Gebhardt et al, 2012). In addition to 

the cellular localization of calprotectin, another factor that determines the fate of tumors 

is the expression levels of calprotectin in cancer cells compared to normal epithelial cells 

(Argyris et al, 2018). Normal cells of the pancreas and breast do not normally express 

calprotectin, but in neoplasms originating from these tissues, collectively known as 

adenocarcinomas, calprotectin expression is increased. In contrast, normal oral, 

esophageal, cervical, and pharyngeal squamous cells express intracytoplasmic 

calprotectin in health, which is significantly suppressed in oral, oropharyngeal and 

cervical squamous cell carcinomas (Argyris et al, 2018).  When compared to normal 

squamous epithelial cells, the downregulation of intracellular calprotectin in oral 

carcinoma cell lines appears to reduce the protective role against OSCC (Argyris et al, 

2018). The restoration of the intracellular levels of calprotectin in squamous carcinoma 

cells could improve the prognosis of HNSCC. The rationale for restoration of calprotectin 

levels to suppress HNSCC is based on our understanding of the underlying regulatory 

pathways associated with the loss of calprotectin expression in squamous carcinoma 

cells. Correlation between calprotectin and hypoxia has been shown in several diseases 

such as IBD (Vavricka et al, 2016), cerebral ischemic disease (Ziegler et al, 2009) and 

prostate cancer (Gebhardt et al, 2012). A feature of solid tumors such as OSCC, hypoxia 

may influence the level of calprotectin in squamous carcinoma cell lines and the possible 

correlation between calprotectin and hypoxia master regulator HIF-1. 

Aims 

The aims of this in vitro study were to: (1) determine the expression of HIF-1 as a 

function of hypoxia; (2) determine the expression of HIF-1 under hypoxia in the 

presence and absence of calprotectin; and (3) determine the expression of calprotectin as 

a function of hypoxia.  
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Materials and Methods  

Cell culture 

Four different cell lines were used to achieve the goals of this in vitro study. Wild type 

KB cells are HeLa-like tumor cell line of extra-oral origin (Ogura et al, 1993). These 

cells lack expression of S100A8/A9 genes (Zou et al, 2013). KBA8/A9+ cells are KB cells that 

were transfected with S100A8 and S100A9 genes to achieve S100A8 and S100A9 protein 

expression (Nisapakultorn et al, 2001). Wild type TR146 cells are a well-differentiated human 

oral squamous cell carcinoma (OSCC) cell line that expresses calprotectin and HIF-1 genes 

(Rupniak et al, 1985). TR146A8/A9- cells are OSCC cells with knocked-down (silenced) 

S100A8/A9 genes (Sorenson et al, 2012).  

Wild type KB cells were maintained in Minimal Essential Medium (MEM) (Thermo 

ScientificTM) supplemented with 10% FBS (Thermo ScientificTM)  and KBS100A8/A9+ cells 

were maintained in MEM supplemented with 10% FBS and the antibiotic, Geneticin 

(GibcoTM ) (350g/mL). Wild type TR146 cells were maintained in Dulbecco’s Modified 

Eagle Medium (DMEM) (Thermo ScientificTM) supplemented with 10% FBS and 

TR146S100A8/A9- cells were maintained in DMEM supplemented with 10% FBS and 

antibiotic Geneticin (350g/mL). Control cells were cultured under normoxic conditions 

consisting of 5% CO2 and 95% air in a humidified atmosphere at 37°C. For hypoxic 

conditions, cells were treated with 150μmoL cobalt chloride for 8 hours in a humidified 

incubator at 37°C at an atmospheric pressure of 5% (v/v) CO2/air (Harrison et al, 2018). 

 

Cell harvesting in hypoxic conditions 

Cells were grown to a confluency rate of 60-70%. Cultured cells were rinsed with PBS to 

remove any dead or detached cells followed by a 5-minute treatment with trypsin in an 

incubator at 37°C. After trypsin-treatment, the remaining adherent cells detached from 

the surface of the flasks and counted using a hemocytometer using (1:1 cells and dye). 

The cell counts were adjusted, and 200,000 cells were added per well to each well of the 

6-well plate. Using 6-well plates, 3 biological replicates of each cell type were treated 

under normoxia and 3 biological replicates treated under hypoxia using cobalt chloride. 
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After incubation at 37°C for 8 hours with cobalt chloride, cells were harvested and lysed 

in an anaerobic chamber to maintain hypoxic conditions at all times. 

 

Cell lysis 

To collect the cell lysates from samples, cells were rinsed with cold phosphate-buffered 

saline (PBS) on ice, scraped, and lysed using a lysis buffer that is maintained on ice. The 

lysis buffer contained HaltTM Protease Inhibitor (100X) (Thermo ScientificTM) to prevent 

the proteolytic degradation during cell lysis and protein extraction, 

Dimethyloxalylglycine (DMOG 20X, a HIF-hydroxylase inhibitor) (Santa Cruz) and 

RIPA lysis buffer (1X) (Thermo ScientificTM) that enables the extraction of membrane, 

nuclear and cytoplasmic proteins from cultured cells. Pierce BCA Protein Assay Kit was 

used for accurate determination of protein concentration of the purified samples.  

 

Western blotting 

Samples were then mixed with 4X Laemmli sample buffer (Bio-Rad) that has been 

supplemented with 1.4mM of mercaptoethanol before mixing with the samples. 4X 

Laemmli sample buffer was diluted to 1X by mixing 4L of sample buffer with 12L of 

protein samples for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS 

PAGE) and heated at 95°C for 10 minutes. The sample buffer functions as a color 

indicator to monitor the migration of proteins during gel electrophoresis. The protein 

samples were loaded on SDS polyacrylamide gels and electrophoresed to separate the 

protein bands based on their molecular weights. After electrophoresis was completed, 

protein bands were transferred from the gel onto a nitrocellulose membrane for antibody 

staining and detection. To do so, nitrocellulose membranes, filter papers and the 

electrophoresis gels were soaked in 1X Transfer Buffer (25mM Tris base, 192mM 

glycine, 10% methanol) for 10 minutes prior to assembly of the transfer “sandwich”. 

Assembly of the transfer sandwich included layering filter papers as the base, followed in 

order by the electrophoresis gel, the nitrocellulose membrane, and another layer of filter 

papers on the top. Any air bubbles between the gel and membrane were removed using a 

roller as bubbles may inhibit the transfer of proteins to the membrane. The transfer 
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sandwich was then placed into transfer cassette. Transfer was performed by passing a 

current across the gel to the membrane (120V) for 1 hour. Immediately after membrane 

transfer, total protein staining (RevertTM 520 Total Protein Stain for Western Blot 

Normalization) was performed to ensure the success of protein transfer from gel to 

membrane and allow subsequent normalization of the target proteins with the total 

protein per lane. The membranes were then dried and kept in a light-sensitive container 

overnight. Blocking buffer (Licor) supplemented with PBS (1:1) was added to the 

membranes for 1 hour at room temperature to enhance the accuracy of the target protein 

detection by eliminating any non-specific protein binding by the primary antibodies. 

After blocking, the membranes were incubated overnight at 4°C with mouse monoclonal 

primary IgG antibodies against HIF-1α and calgranulin B (Santa Cruz). Following 

incubation, the membranes were rinsed with wash buffer solution to remove any unbound 

primary antibodies, and blots were resolved using IRDye® 680RD Goat anti-Mouse IgG 

secondary antibody (LI-COR). Protein bands were quantified using densitometry and 

imageJ software.  

 

Quantitative real-time PCR (qPCR) 

Total RNA was isolated from all cell lines using the RNeasy kit (Qiagen, Hilden, 

Germany) and reverse transcribed to cDNA with the ProtoScript® II First Strand cDNA 

Synthesis Kit. qPCR was performed using PerfeCTa® qPCR FastMix® (QuantaBio) and a 

Chromo4 Real-Time Detector (Bio-Rad, Munchen, Germany). Relative mRNA 

expression was calculated by the comparative Ct method (2-∆∆Ct) (Gebhardt et al, 2012). 

All reactions were performed in triplicate with 2 technical replicates for each of the 3 

biological replicates. Normalization of mRNA levels between samples for accurate 

comparison of mRNA transcription was achieved using a stable housekeeping gene. 

Under the experimental conditions used, the most stable housekeeping gene was 

hypoxanthine guanine phosphoribosyl transferase (HPRT) and was chosen for 

normalization. Sequence of primers used was as follows: S100A9 forward primer: 5’-

AAA AGG TCA TAG AA C ACA TCA TGG-3’; S100A9 reverse primer: 5’-GAA GCT 

CAG CTG CTT GTC CTG-3’; HIF-1 forward primer: 5’-TTC ACC TGA GCC TAA 
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TAG TCC-3’; HIF-1 reverse primer: 5’-CAA GTC TAA ATC TGT GTC CTG-3’; HPRT 

forward primer: 5’-GAA GAG CTA TTG TAA TGA CCT-3’; HPRT reverse primer: 5’-GCG 

ACC TTG ACC ATC TTT-3’. 

 

Statistical analysis  

The results are reported as a mean of three independent experiments. Variation between 

groups were statistically evaluated using the two-tailed homoscedastic Student’s t-test. 

Statistical significance was set at a p-value < 0.05. 

 

Results  

 

HIF-1 mRNA expression under hypoxia 

This experiment determined the levels of HIF-1 under hypoxic conditions in the model 

cell lines representing oral squamous cell carcinoma. Upon treating the cells with CoCl2 

for 8 hours to induce hypoxia, transcription of HIF-1 tended to be greater in hypoxic 

than normoxic cells (Fig. 1). Differences between the two conditions reached statistical 

significance in KB wild type cells, KBA8/A9+ cells and TR146 A8/A9-knocked down cell 

lines but not in TR146 wild type cells. Although the results appeared to trend towards 

greater HIF-1 in the cells without than with calprotectin, the data suggest that HIF-1 

expression under hypoxia is independent of calprotectin.  
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S100A9 protein and mRNA expression under hypoxia versus normoxia in 

carcinoma cells 

To determine whether hypoxia affected the expression of S100A9, cells were incubated 

under normoxic and hypoxic conditions for 8 hours. Western blot analysis was performed 

on cells that naturally express calprotectin (TR146 wild type), and cells that were 

engineered to express calprotectin (KBA8/A9+ cells). The results from one representative 

Western Blot show that there is likely a higher expression of S100A9 protein in TR146 

cells compared to KBA8/A9+ cells under hypoxia (Fig. 2a). However, when replicates of 

these experiments were done and quantitative analysis was performed, it appeared that 

the S100A9 protein expression is independent of hypoxia in both cell lines (Fig. 2b). 

Similar to S100A9 protein levels, the transcription of S100A9 mRNA appears to be 

independent of hypoxia (Fig. 2c). Therefore, under the experimental conditions using 

cobalt chloride to induce hypoxia in squamous carcinoma cell lines, the expression of 

S100A9 protein and mRNA appear to be regulated by hypoxia-independent pathways. 

 

 

Figure 1. Hypoxia induces HIF-1a mRNA expression. HIF-1 mRNA expression in KB(A8/A9)+, TR146 

wild type, TR146(A8/A9)- and KB wild type cells after 8 hr hypoxia treatment. Expression levels were 

normalized on mRNA expression of housekeeping gene HPRT and related to normoxia incubated 

control. Data represent mean +/- SD of three independent experiments; p < 0.05 (Student’s t-test, 

compared to respective treated control).    
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Figure 2. S100A9 protein and mRNA expression under hypoxia. (a) Western blot analysis of S100A9 

protein levels in KB(A8/A9)+ and TR146 wild type cells after 8 hr of hypoxic and normoxic treatment. 

Total protein staining was used for normalization. (b) Quantitative analysis of S100A9 protein level 

after 8 hr of hypoxia. Results represent mean +/- SD of three independent experiments; p < 0.05 

(Student’s t-test, compared to respective normoxia treated control). (c) S100A9 mRNA expression in 

KB(A8/A9)+ and TR146 wild type cells after 8 hr hypoxia incubation. Expression levels were normalized 

on mRNA expression of housekeeping gene HPRT and related to normoxia incubated control. Data 

represent men +/- SD of three independent experiments; p <0.05 (Student t-test, compared to respective 

normoxia treated control).  

 

a. 

T

ot

al 

pr

ot

ei

n  

A9   

Hypoxia Normoxia 

b. 

Hypoxia Normoxia 

c.  

 

 
 

 

 

KBA8/A9+ cells TR146 cells 



 

 12 

 

Discussion  

Decreased oxygen concentration (hypoxia) is a major stressor that challenges the survival 

of tissues. Hypoxia can be a feature of bacterial infections, wounds, cardiovascular 

disease, and cancer (Lee et al, 2019). “Physiological hypoxia” refers to the transient drop 

in oxygen levels that is usually restored to normal levels by vasodilation, increasing 

blood flow to the tissues (Michiels 2004). Different tissues have different oxygen 

sensitivity levels, and some can function normally under physiologic hypoxia, e.g., 

intestinal mucosa, renal medulla, placenta, bone marrow etc. (Taylor et al, 2017). This 

physiological hypoxia generally falls in the range of 2-6% oxygen, since the normal 

oxygen level of tissues generally is 3-7% (McKeown et al, 2014). Another feature of 

physiological hypoxia is the temporary stabilization of hypoxia inducible factors (HIFs), 

that are responsible for the transcription of genes needed for adaptation and survival (Lee 

et al, 2020; Jun et al, 2018). Maximal expression of HIF-1α was found at 0.5% oxygen 

levels which was reduced by half at 1.5 - 2% oxygen levels, and was significantly low at 

oxygen levels above 4%, confirming that HIF-1α is sensitive to high oxygen levels 

(Jiang et al, 1996; Lee et al, 2020). 

Cancer is no longer viewed as only a bulk of malignant cancer cells. The tumor 

microenvironment (TME) is composed of various cells including fibroblasts, immune 

cells and cancer cells that interact with one another with the help of secreted cytokines 

and chemokines within the extracellular matrix (ECM) (Nie et al, 2016; Huang et al, 

2015). Increased extracellular level of calprotectin in TME has been correlated with 

inflammation-associated carcinogenesis in prostate (Hermani et al, 2006), bladder 

(Sahin et al, 2019), and pancreatic (Grebhardt et al, 2012) cancers through its 

extracellular role in activating TLR4 and RAGE signaling pathways in cancer cells. 

TLR4 and RAGE signal mitogen-activated protein kinase (MAPK) to upregulate the NF-

B pathway and downstream proinflammatory gene expression (Hermani et al, 2006; 

Hiratsuka et al, 2008; Gebhardt et al, 2006). In contrast, the intracellular expression of 

calprotectin in oral squamous cell carcinoma (OSCC) is associated with important anti-
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tumor functions such as downregulation of MMP-2, deceleration of cancer proliferation 

by controlling the cell cycle at G2/M phase and inducing apoptosis of carcinoma cells 

(Khammanivong et al, 2013; Khammanivong et al 2016; Silva et al, 2014). Therefore, 

the dual life of calprotectin in the intracellular and extracellular environment could 

determine the fate of a tumor by either promoting apoptosis of tumor cells or supporting 

tumor development (Ghavami et al, 2009).  

 

Calprotectin and tumor hypoxia both have important roles in determining the severity and 

prognosis of tumors, and there is evidence of an association between hypoxia and 

calprotectin in chronic inflammatory diseases such as inflammatory bowel disease and 

prostate cancer (Grebhardt et al, 2012). However, there is lack of evidence on the 

association between hypoxia and calprotectin in oral squamous carcinoma cells. For this 

reason, we were interested in investigating the role of hypoxia in determining the fate of 

calprotectin in squamous carcinoma cell lines and whether HIF-1 response to hypoxia is 

affected by calprotectin. 

 

In this study we used four human squamous carcinoma cells. The human HNSCC cell 

line TR146 naturally expresses calprotectin and HIF-1 genes (Rupniak et al, 1985). 

Identical in all other ways, the S100A8/A9 knocked down TR146 cells (TR146A8/A9-) 

have suppressed calprotectin which is achieved by treating the cells with short hairpin 

RNA (shRNA) that specifically silences target S100A8 and S100A9 genes (Sorenson et 

al, 2012). Similarly, the human carcinoma cell line (KB wild type) fails to express 

S100A8 and S100A9 mRNAs (Zou et al, 2013). To engineer this cell line to express 

S100A8 and S100A9, KB cells were transfected to express S100A8/A9 (KBS100A8/A9+) 

(Nisapakultorn et al, 2001).  

 

Using these isogenic pairs of carcinoma lines that vary in their expression of calprotectin, 

hypoxia was induced using hypoxia mimetic agent cobalt chloride (CoCl2) (Sánchez et 

al, 2019). CoCl2 chemically stabilize HIF-1 by competitively binding to iron ions that 
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are essential for the activity of the prolyl hydroxylase enzyme involved in HIF-1 

degradation (Nandal et al, 2011).  

 

Consistent with previous studies (Zhong et al, 1999), HIF-1 mRNA transcription tends 

to be greater under hypoxia than normoxia in all cell lines in this study. Statistical 

significance was reached in KB wild type, KBS100A8/A9+ and TR146A8/A9- but not in TR146 

wild type cells. A trend was observed towards a higher expression of HIF-1 mRNA in 

cell lines not expressing calprotectin compared to cells expressing calprotectin. These 

results suggest a possible association between calprotectin and HIF-1 in the cells.  

 

HIF-1 protein is only stabilized at O2 concentrations below 5%, presenting a challenge 

to harvest and extract cell proteins in hypoxic conditions in preparation for Western Blot 

analysis. In the presence of oxygen, HIF-1 is rapidly degraded within 5-8 minutes in 

both nuclear and cytoplasmic compartments (Moroz et al, 2009; Jewell et al, 2001). 

Although we attempted to maintain anaerobic conditions, we were unable to consistently 

detect HIF-1 protein. Better sample preparation in an appropriately anaerobic 

environment may ensure Western Blot success. Another challenge with the Western Blot 

analysis of HIF-1 is that the size of the protein may differ depending on the form of 

HIF-1 that was produced at the time of analysis. Degraded HIF-1 has molecular 

weight of 40-80 kDa; post-translationally modified HIF-1 has molecular weight of 110-

130 kDa and the heterodimer form with HIF-1 has a molecular weight of about 200 kDa 

(Moroz et al, 2009). Therefore, the variation in the location of the HIF-1 bands 

between experiments, possibly due to lack of reproducibility of experimental hypoxia, 

made it difficult to make conclusions about the HIF-1 protein levels.  

 

Given these experimental challenges, all our cell lines were treated similarly. Our results 

suggested the expression of intracellular calprotectin protein and mRNA were 

independent of hypoxia. In carcinoma cells, calprotectin expression did not appear to be 

influenced by hypoxia pathways. Since calprotectin is downregulated as carcinoma 



 

 15 

progresses and becomes increasingly severe, we considered that epigenetic mechanisms 

may contribute.  

 

Epigenetics have been correlated with many disease processes including cancer (Lu et al, 

2020). The most common epigenetic process identified is DNA methylation, which has 

been linked to several human cancers and other disease processes such as autoimmune 

diseases and metabolic diseases (Jin et al, 2018). Epigenetic mechanisms can change 

expression and activity of genes without causing mutations in the DNA sequence (Biswas 

et al, 2019). In hypoxic tumors, it has been shown that increased DNA methylation is 

attributed to hypoxia-induced suppression of oxygen-dependent TET enzyme that 

regulates DNA de-methylation (Thienpont et al, 2017). Evidence from the Cancer 

Genome Atlas (TCGA) RNA-Seq data from human HNSCC samples, suggest a strong 

correlation between the downregulation of S100A9 and DNA methylation at the S100A9 

promoter region (Khammanivong et al, 2016). Although our results indicate that 

S100A9 expression is independent of hypoxia, evidence from the literature suggest that 

hypoxia may play a role in downregulation of S100A9 in cancer cells through increased 

DNA methylation.  

 

In addition to the intracellular antimicrobial role of calprotectin, which attenuates 

bacterial invasion into oral epithelial cells (Nisapakultorn et al, 2001), its intracellular 

anti-tumor roles in oral squamous cell carcinoma (Khammanivong et al, 2013; 

Khammanivong et al, 2016; Silva et al, 2014) include the cytoplasmic to nuclear 

translocation noted in breast epithelial cells (Song et al, 2021). In the nucleus, 

calprotectin functions as a transcriptional coactivator of target genes and contributes to 

the malignant transformation of the cells (Song et al, 2021). Although nuclear 

translocation of calprotectin has been shown in normal breast epithelial cells, no evidence 

of such translocation has been shown in squamous carcinoma cells. Nevertheless, the 

observation that HIF-1 transcriptional level is affected by the presence and absence of 

calprotectin in carcinoma cells as seen in this study, indicates that if it occurred in our 

cells, nuclear translocation may explain the expression pattern of HIF-1.  Hence, there 
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is a need for future studies to determine the potential nuclear translocation of calprotectin 

in squamous carcinoma cell lines KBA8/A9+ cells and TR146 wild type cells and its 

possible role in transcriptional regulation of HIF-1.  

 

The use of CoCl2 may confound our study of hypoxia in cells. CoCl2 may cause dose- and 

time-dependent cytotoxicity during hypoxia induction in in vitro studies as has been 

shown in human HaCaT keratinocytes and HSG submandibular gland cell lines after 4, 6 

and 48 hours of exposure (Gault et al, 2010; Klasson et al, 2021; Akita et al, 2007). 

Cobalt chloride may be generally more toxic on cancer cell lines than non-cancerous cell 

lines (Mahey et al, 2016). Therefore, with the experimental design used in this study, we 

would expect some cell death upon treatment with CoCl2 for 8 hours and the subsequent 

release of calprotectin into the extracellular space. In the extracellular environment, 

calprotectin acts as a cytokine that engages with RAGE receptors to initiate intracellular 

signaling pathways and activate NF-kB transcriptional factor that initiate the transcription 

of genes involved in inflammation including HIF-1 and S100A8/A9 (Gebhardt et al, 

2006). Therefore, a positive feedback loop could be created through the release of 

calprotectin from our cells and activation of RAGE (Taneja et al, 2021).  The potential 

role of RAGE in the fate of calprotectin and HIF-1 in oral squamous carcinoma cell 

lines under hypoxia is worth investigating.  

 

To our knowledge, the impact of RAGE on calprotectin and HIF-1 expression in OSCC 

cells under hypoxia has not been investigated. With the aim of determining the role of 

RAGE in the expression of calprotectin and HIF-1 under hypoxia in oral carcinoma 

cells, future studies should investigate oral carcinoma cell lines: TR146 wild type, TR146 

with calprotectin knocked down and knocked down TR146 cells that are transfected with 

siRNA for transient silencing of RAGE expression in the cells. Like the current study 

conditions, the cells would be treated under hypoxia and normoxia for 8 hours. This 

experimental model will allow us to determine (1) whether the decreased expression of 

HIF-1 under hypoxia in the presence of calprotectin observed in our study is dependent 
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on the S100A8A9/RAGE interaction or on a different pathway, and (2) whether the 

expression of S100A8/A9 under hypoxia is influenced by the presence or absence of 

RAGE. Improvements on our current in vitro study should include the use healthy 

gingival epithelial cells (Kubo et al, 2009) as healthy controls for OSCC cell lines. We 

should also study hypoxia in tumor models that include the TME. The response to 

hypoxia may be more evident when all of the cooperating cells, cytokines and 

extracellular matrix are present. This is important because in our study we used only 

carcinoma cell lines of oral and non-oral origins, which made it difficult to infer the 

results to actual tumors.   

 

Conclusion  

 

HNSCC is considered one of the malignancies with the worst patient-related outcomes 

due low responsiveness to treatment and severe drug resistance (Filho et al, 2013). The 

anti-tumor role of calprotectin may contribute to better disease survival and tumor 

prognosis in HNSCC. Thus, with the aim to understand the molecular pathway leading to 

the decrease in calprotectin expression, we were able to suggest that calprotectin protein 

and mRNA expression are independent of hypoxia and that calprotectin may be 

influencing the expression of HIF-1 through various regulatory mechanisms. Therefore, 

further studies will be necessary to substantiate the current results and to expand on the 

possible regulatory pathways such as HIF-1/RAGE/ S100A8A9 pathway that may 

contribute to better understanding of calprotectin regulation in OSCC cell lines. Indeed, 

we may find that the TME environment is needed to recapitulate the response to hypoxia.  

It is important to appreciate the limitations of in vitro studies as they do not precisely 

simulate the complex tumor environment in real patients. There may be complex 

processes on a molecular and transcriptional levels that may not be apparent in an in vitro 

setting but could be contributing to the expression of calprotectin and HIF-1 in the 

squamous carcinoma cells.  
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