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Abstract 

Oral squamous cell carcinoma (OSCC) is the most prevalent form of head and neck squamous cell carcinoma, 

accounting for nearly 90% of oral malignancies worldwide. Despite advances in surgery, radiotherapy, chemotherapy, 

and targeted therapies, prognosis remains poor, especially in advanced or metastatic cases. Preclinical models play a 

pivotal role in developing and testing novel anticancer agents, with OSCC-derived cell lines serving as indispensable 

tools for drug discovery and mechanistic research. These models provide reproducible, cost-effective platforms for 

high-throughput screening, elucidation of signaling pathways, resistance profiling, and biomarker identification. 

Widely utilized OSCC cell lines, including SCC-4, SCC-9, SCC-25, and CAL27, have contributed to understanding critical 

processes such as proliferation, apoptosis, migration, invasion, and therapeutic resistance. This review highlights the 

biological and pharmacological relevance of OSCC cell lines, emphasizing their advantages, limitations, and 

contributions to translational cancer research. A deeper understanding of these models is essential to bridge 

preclinical findings with clinical outcomes and to accelerate the development of innovative therapeutic strategies 

against OSCC. 
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Introduction 

Understanding the roles of oral squamous cell lines in 

pharmacological studies is crucial for advancing the 

comprehension of oral squamous cell carcinoma (OSCC) 

and the exploration of anticancer treatments. OSCC is 

one of the most common cancers of the mouth and 

pharynx, and it causes many mortalities and illnesses 

around the world [1]. The treatment options for OSCC 
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patients have improved and now include surgery, 

chemotherapy, radiotherapy, and targeted therapies [2]. 

However, the prognosis for these patients remains poor, 

particularly for those with advanced or metastatic cancer 

[3].  

Preclinical models are crucial in pharmacological 

research for assessing the efficacy and mechanisms of 

novel anticancer drugs, and these models are 

significantly reliant on them [4]. OSCC tumor-derived 

cancer cell lines are critical among these models [5]. They 

provide a reproducible and cost-effective methodology 

for drug screening, mechanistic investigations, and 

resistance profiling [6]. These cell lines assist researchers 

in understanding the biology of OSCC, identifying 

possible targets, and evaluating the cytotoxic and anti-

proliferative effects of novel drugs [7]. This review aims 

to elucidate the function of oral squamous cell lines in 

pharmacological research, focusing on their role, 

advantages, and disadvantages in the development of 

anticancer therapeutics.  

OSCC is the most common kind of HNSCC and makes up 

90% of all oral HNSCC. It mainly comes from the mucosal 

epithelium of the mouth, such as the tongue, the floor of 

the mouth, and the buccal mucosa [8]. The main hazards 

are smoking, drinking alcohol, chewing betel quid, and 

getting HPV, which all together cause genetic changes 

and molecular changes that make OSCC worse [9] . OSCC 

is still a big concern around the world, even though it 

may be avoided [10]. This is especially true in South Asia, 

where a lot of people smoke tobacco and chew betel 

quid [11].  

The prognosis for OSCC patients is contingent upon the 

timing of diagnosis [12]. Surgery or radiotherapy can 

typically result in curative treatment for early-stage 

OSCC; however, advanced cases frequently prove 

intractable because of metastasis, recurrence, and 

resistance to standard therapies [13]. Consequently, 

there exists an urgent want for innovative therapeutic 

methodologies and novel pharmacological agents [14]. 

It is critical to utilize robust preclinical models that 

accurately reflect the biological characteristics of cancers 

in order to create effective anticancer medications [15]. 

OSCC cell lines are essential for pharmacological 

research and must be included [16]. They are simple to 

use, can be reproduced several times, and can be used 

for high-throughput drug screening, among other things 

[17]. Researchers employ SCC-4, SCC-9, SCC-25, and 

CAL27 as OSCC cell lines to learn more about the 

molecular processes that cause cancer to proliferate and 

to try out new medicines [18]. These cell lines help us 

learn how medications affect cell growth, apoptosis, 

migration, and invasion, all of which are important for 

cancer growth [19]. They also offer a way to investigate 

how drugs become resistant and help us understand why 

many treatments don't work in real life [20]. The OSCC 

cell lines have also aided in the identification of 

biomarkers for forecasting treatment outcomes and 

integrating several regimens.  

Oral epithelial cells undergo a malignant transformation 

due to a sequential set of genetic and molecular 

alterations that end in OSCC. These alterations result 

from the gradual accumulation of genetic mutations, 

epigenetic modifications, and the dysregulation of 

critical signaling pathways that contribute to cancer. 

Long-term exposure to cancer-causing chemicals 

damages DNA and alters tumor suppressor genes such as 

TP53 and CDKN2A. This is one of the first things that 

happens in the pathophysiology of OSCC. One symptom 

of OSCC is that the protein p53, which controls the cell 

cycle and apoptosis, doesn't work. In the same way, not 

having CDKN2A causes cells to divide too much [21]. 

Other genetic modifications include turning on 

oncogenes like RAS and making genes like EGFR that help 

cancer grow and stay alive stronger. Aberrant signaling 

pathways, such as the Wnt/β-catenin and 

PI3K/AKT/mTOR pathways, are also dysregulated to 

encourage malignant transformation. Loss of 

heterozygosity and chromosomal deletions, which 

promote tumor growth and metastasis, are further 

characteristics of chromosomal instability in OSCC [22]. 

VEGF-induced neovascularization and epithelial-

mesenchymal transition (EMT) are critical for the 

invasion and dissemination of OSCC. The tumor 

microenvironment, which includes stromal cells, 

immune cells, and parts of the extracellular matrix, is 

particularly critical for OSCC to grow and stay hidden 

from the immune system [23].  

Long-term exposure to cancer-causing chemicals 

damages DNA and alters tumor suppressor genes such as 

TP53 and CDKN2A. This is the first step in the 

pathophysiology of OSCC. One of the most essential 

things about OSCC is that the protein p53, which is 

important for controlling the cell cycle and apoptosis, 

stops operating. Likewise, disabling CDKN2A results in 
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unregulated cell division [24].  

More genomic changes happen when oncogenes like 

RAS are turned on and genes like EGFR that help cancer 

grow and stay alive are amplified. The dysregulation of 

signaling pathways, such as the Wnt/β-catenin and 

PI3K/AKT/mTOR pathways, also makes it easier for 

malignant transformation to happen. Additionally, OSCC 

frequently exhibits chromosomal instability, marked by 

loss of heterozygosity and chromosomal deletions, 

which promote tumorigenesis and dissemination [25].  

EMT and VEGF-induced neovascularization are crucial for 

the invasion and metastasis of OSCC. The tumor 

microenvironment, comprising stromal cells, immune 

cells, and extracellular matrix components, is crucial for 

OSCC proliferation and evasion of immune surveillance. 

A multidisciplinary approach involving surgery, radiation, 

chemotherapy, and immunotherapy has been utilized to 

treat OSCC, particularly in recent years [26].  

Cell Lines in Cancer Research 

Definition and Importance of Cell Lines 

Groups of cells from primary tissues, cancers, or other 

sources that can be maintained in vitro under mild 

conditions are known as cell lines. These cells are grown 

under conditions that give them the vital nutrients, 

growth factors, and environmental conditions they need 

to survive and proliferate. Cancer research cannot be 

conducted without cell lines because they are 

particularly useful in vitro models for researching tumor 

biology, drug development, and resistance mechanisms 

[27].  

Cell lines are crucial for studying cancer at the molecular 

and cellular levels because they can display the genetic 

and phenotypic characteristics of the tumor from which 

they originated. Cancer cell lines have been incredibly 

useful in the last few decades for understanding 

important aspects of tumor development, progression, 

and response to therapy. They support the process of 

identifying potential therapeutic targets, evaluating 

biological hypotheses, and identifying potential 

pharmaceuticals. Additionally, they have a transparent 

system that allows several labs to obtain identical results 

[28].  

In preclinical research, cancer cell lines—like OSCC cell 

lines—are important. Before being tested in different in 

vivo models or clinical trials, they help assess the 

effectiveness of new anticancer medications as well as 

their mechanisms of action or resistance. Nevertheless, 

due to their ease of access and manipulation, cell lines 

continue to play a significant role in cancer research [29]. 

Oral Squamous Cell Line Characteristics 

The primary cancers found in the oral cavity, which 

includes the tongue, buccal mucosa, and floor of the 

mouth, are the source of oral squamous cell carcinoma 

(OSCC) cell lines. These cell lines can be used to mimic 

OSCC and its treatment responses because they are 

genetically and biochemically similar to the disease. A 

few well-known OSCC cell lines are frequently used by 

researchers as model systems in cancer research: • SCC-

4: derived from a human tongue cancer, SCC-4 is used to 

investigate the development of OSCC, the action of 

medications, and the transmission of signals. It is a 

positive indicator of OSCC and produces colonies that 

resemble epithelial cells [30]. • SCC-9: This cell line, 

which was also isolated from a human tongue carcinoma, 

is used to investigate the growth of tumors and the 

efficacy of novel therapies. It is mostly used to study 

cellular dynamics, such as invasion, adhesion, and 

motility. • SCC-25: One of the most popular OSCC cell 

lines due to its rapid growth in a lab, this cell line was 

created from a human tongue carcinoma. SCC-25 can 

help us understand the p53 and EGFR signaling 

pathways, which are both highly intriguing. • CAL-27: 

One of the most commonly used OSCC cell lines, CAL-27 

is derived from a poorly differentiated tongue 

carcinoma. It spreads swiftly and is frequently employed 

in research on resistance, apoptosis, and medications 

[31]. • HSC-2, HSC-3, and HSC-4: These cell lines are 

frequently used in research and were obtained from 

OSCC malignancies in Japanese patients. On the other 

hand, HSC-3 is used to study invasion and metastasis and 

is well known for its capacity to spread [32]. The 

controlled environment in which these cell lines are 

maintained typically consists of a medium containing 

FBS, antibiotics, and additional growth factors. Their 

genetic and phenotypic characteristics have been 

thoroughly examined, and they can be used in a variety 

of OSCC research projects [33].  

Benefits and drawbacks of using cell lines 

Cell Lines' Advantages for Cancer Research  

1.Reproducibility: Cell lines ensure that experiments are 

repeatable and consistent. This is due to their stability 
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and scalability, which facilitates the comparison of data 

from various studies and laboratories [34].  

2. Cost-Effectiveness and Accessibility: Compared to 

other models such as organoids or patient-derived 

xenografts, cell lines are less expensive and simpler to 

maintain. These can also be easily obtained from 

biorepositories such as the American Type Culture 

Collection (ATCC) [35].  

3. Ease of Manipulation: To gain a better understanding 

of how genes or medications impact a particular pathway 

or medication response, researchers can alter OSCC cell 

lines. To determine the role of genes and proteins in 

cancer, techniques such as CRISPR-Cas9, RNA 

interference (RNAi), and overexpression systems are 

simple to use [36].  

4. High-Throughput Screening: High-throughput drug 

screening, which examines more than 100 or 1000 

compounds to determine whether they combat cancer, 

depends heavily on cancer cell lines. This has accelerated 

the search for novel therapeutic candidates [37]. 

5. Molecular and Genetic Insights: Information regarding 

the molecular and genetic alterations that occur in the 

disease can be obtained from OSCC cell lines. They aid in 

the investigation of tumor suppressor genes, oncogenes, 

and signaling pathways linked to the development of 

OSCC [38].  

6. Similar models: Well-known cell lines that are 

frequently used in OSCC research include CAL-27 and 

SCC-25. The results of various studies can be compared 

using them as reference models [39]. 

Limitations of Cell Lines in Cancer Research 

1.Cell lines are collections of cells from primary tissues, 

cancers, or other sources that can be kept in vitro under 

mild conditions. The environment in which these cells 

are cultivated provides them with the essential 

nutrients, growth factors, and environmental conditions 

necessary for their survival and proliferation. Since cell 

lines are especially helpful in vitro models for studying 

tumor biology, drug development, and resistance 

mechanisms, cancer research cannot be carried out 

without them. Because cell lines can exhibit the genetic 

and phenotypic traits of the tumor from which they 

originated, they are essential for studying cancer at the 

molecular and cellular levels [40]. Over the past few 

decades, cancer cell lines have proven to be immensely 

helpful in gaining insight into key facets of tumor 

development, progression, and response to treatment. 

They aid in the process of determining possible 

therapeutic targets, assessing biological theories, and 

discovering possible medications. They also provide a 

transparent method that enables other labs to achieve 

the same outcomes. Cancer cell lines, such as OSCC cell 

lines, are crucial for preclinical research. They aid in 

determining the efficacy of novel anticancer drugs as 

well as their mechanisms of action or resistance prior to 

testing in various in vivo models or clinical trials. 

However, cell lines are still used extensively in cancer 

research because of their accessibility and ease of 

manipulation. Features of Oral Squamous Cell Lines Oral 

squamous cell carcinoma (OSCC) cell lines originate from 

primary cancers of the oral cavity, which includes the 

floor of the mouth, buccal mucosa, and tongue. Because 

these cell lines are genetically and biochemically similar 

to OSCC, they can be used to simulate the disease and its 

response to treatment [41]. Researchers commonly use 

a few well-known OSCC cell lines as model systems in 

cancer research:  

SCC-4: derived from a human tongue cancer, SCC-4 is 

used to study how OSCC develops, how drugs work, and 

how signals are transmitted. It produces colonies that 

resemble epithelial cells and is a positive indicator of 

OSCC [42].  

 SCC-9: This cell line, which was also isolated from a 

human tongue carcinoma, is used to study how cancers 

spread and how well new treatments work. It is primarily 

employed to investigate cellular dynamics, including 

adhesion, motility, and invasion [43]. SCC-25: Derived 

from a human tongue carcinoma, this cell line is among 

the most widely used OSCC cell lines because of its quick 

growth in a lab. The p53 and EGFR signaling pathways are 

both very interesting, and SCC-25 can help us understand 

them [44].  

 CAL-27: Derived from a poorly differentiated tongue 

carcinoma, CAL-27 is one of the most widely used OSCC 

cell lines. It spreads quickly and is commonly used in 

studies on drugs, apoptosis, and resistance [45].  

 HSC-2, HSC-3, and HSC-4: These cell lines were isolated 

from OSCC cancers in Japanese patients and are 

frequently utilized in research. HSC-3, on the other hand, 

is well known for its ability to spread and is used to study 

invasion and metastasis. These cell lines are frequently 
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kept in a controlled environment with a medium that 

contains FBS, antibiotics, and additional growth factors. 

Numerous OSCC research projects can make use of their 

well-studied genetic and phenotypic traits [46]. The 

advantages and disadvantages of using cell lines The 

Benefits of Cell Lines for Cancer Research 1. 

Reproducibility: Cell lines guarantee consistent and 

repeatable research. This is because of their scalability 

and stability, which make it easier to compare data from 

different labs and studies [47]. 2. Cost-Effectiveness and 

Accessibility: Cell lines are less costly and easier to 

maintain than other models like organoids or patient-

derived xenografts. Additionally, these are readily 

available from biorepositories like the American Type 

Culture Collection (ATCC) [48]. 3. Ease of Manipulation: 

Researchers can modify OSCC cell lines to better 

understand how genes or drugs affect a particular 

pathway or drug response. Techniques like CRISPR-Cas9, 

RNA interference (RNAi), and overexpression systems 

are easy to use to identify the role of genes and proteins 

in cancer [49]. 4. High-Throughput Screening: Cancer cell 

lines are crucial to high-throughput drug screening, 

which looks at over 100 or 1000 compounds to see if they 

fight cancer. The hunt for new therapeutic candidates 

has accelerated as a result [50]. 5. Molecular and Genetic 

Insights: OSCC cell lines can provide information about 

the molecular and genetic changes that take place in the 

disease. They support the study of oncogenes, tumor 

suppressor genes, and signaling pathways connected to 

OSCC development [51]. 6. Similar models: CAL-27 and 

SCC-25 are well-known cell lines that are commonly used 

in OSCC research. They can be used as reference models 

to compare the findings of multiple investigations [52]. 

1. Absence of Tumor Microenvironment: Cell lines' 

primary drawback is their absence of the tumor 

microenvironment (TME). Stromal cells, immune cells, 

blood vessels, and extracellular matrix elements 

surround tumors in vivo and all play a role in controlling 

tumor behavior. Although two-dimensional (2D) cultures 

cannot replicate these interactions, they are essential for 

comprehending how cancer progresses and how 

treatments work [53]. 

2. Clonal Selection and Genetic Drift: This is due to the 

fact that clonal selection and genetic drift are linked to 

the long-term culture of cell lines, which can result in 

alterations that are not an accurate representation of 

the original tumor. This may have an impact on the 

findings' translational relevance and reproducibility [54]. 

3. Limited Variability: 

There is significant genetic, epigenetic, and phenotypic 

variation in tumors associated with cancer, making it a 

complex and diverse disease. This heterogeneity is not 

captured by cell lines, which are typically derived from a 

single clonal population. Conditions for Artificial Growth 

[55]. 

The artificial conditions used to maintain cell lines in vitro 

differ greatly from those found in vivo. The oxygen, 

nutrients, and mechanical forces that are applied to the 

culture, for example, differ from those that are present 

in the tumor microenvironment [56]. 

4.Overrepresentation of Specific Cancer Types: Research 

on OSCC often uses cell lines such as CAL-27 and SCC-25, 

which might not fully represent the variety of OSCC 

subtypes, potentially leading to biases in the findings 

[57].5.  Variations in Drug Sensitivity. 

Drugs that show promise in cell line experiments 

typically don't work in clinical trials because the cell line 

model is so basic. This emphasizes how crucial more 

advanced preclinical models are [58]. 

Drug Resistance Studies 

This is because drug resistance is a major challenge in the 

management of OSCC, which leads to treatment failure 

and disease recurrence. These cell lines are useful in 

understanding the basis of resistance to chemotherapy 

and targeted therapies [59]. 

1.Chemoresistance: 

OSCC cell lines are employed to mimic resistance to 

cisplatin and 5-fluorouracil (5-FU), commonly employed 

chemotherapeutic agents [60]. The mechanisms of 

resistance analyzed include: 

ATP-binding cassette (ABC) transporters—Increased 

efflux of drugs through P-glycoprotein [61]. 

Higher activity of DNA repair mechanisms that neutralize 

the toxic impact of DNA-damaging agents [62]. 

Alterations in apoptosis pathways, including 

overexpression of antiapoptotic proteins (e.g., Bcl-2) 

[63]. 

In addition, OSCC cell lines have been employed to 

discover ways to circumvent chemoresistance, including 
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the combination of chemotherapy with inhibitors of ABC 

transporters or the blockade of pro-survival signaling 

pathways [64]. 

2.Targeted Therapy Resistance: 

EGFR inhibitor resistance is a major problem in OSCC 

management. Cell lines such as SCC-9 and SCC-25 have 

been employed to investigate the mechanisms of 

resistance to EGFR inhibitors, which include mutations in 

the EGFR, the engagement of other signaling pathways 

(MET and IGF-1R), and EMT. These studies have helped 

in the development of combination therapies to combat 

resistance [65]. 

Cancer Stem Cells (CSCs): 

OSCC cell lines have been used to isolate and study 

cancer stem cell-like populations which are believed to 

contribute to drug resistance. CSCs possess increased 

levels of stemness markers such as CD44 and ALDH1 and 

are more resistant to conventional therapies. Targeting 

CSC-specific pathways such as Notch, Wnt, and 

Hedgehog in OSCC cell lines has also been seen as a 

promising strategy [66]. 

Combination Therapies 

Combination therapies are meant to improve the 

effectiveness of anticancer drugs with minimal chance of 

resistance and toxicity. The OSCC cell lines are mainly 

employed to assess the synergistic action of drugs and, 

therefore, can be used for clinical application [67]. 

1. Chemotherapy and Targeted Therapy: 

It has been found that combining chemotherapeutic 

drugs with targeted inhibitors was effective in OSCC cell 

lines [68]. For example: 

Cisplatin with an EGFR inhibitor such as cetuximab 

improves the cytotoxicity by interfering with DNA 

damage and growth factor signaling [69]. 

5-FU with a PI3K inhibitor has been found to have 

synergistic activity in reducing the viability of OSCC cells 

[70]. 

2. Chemotherapy and Natural Compounds: 

The combination of chemotherapy and natural 

compounds like curcumin, resveratrol, and quercetin has 

been investigated in OSCC cell lines. Many of these 

combinations improve apoptosis and overcome drug 

resistance by regulating oxidative stress and signaling 

pathways [71]. 

3. Immunotherapy and Chemotherapy: 

Immune checkpoint inhibitors such as anti-PD-1/PD-L1 

antibodies have been combined with chemotherapy and 

tested in OSCC cell lines. These combinations are 

designed to improve immunity and at the same time kill 

cancer cells [72]. 

4. Novel Drug Combinations: 

OSCC cell lines are employed to assess novel drug 

combinations that affect several pathways at once. For 

example, the VEGF inhibitors and mTOR inhibitors are 

effective in preclinical studies because these agents 

attack angiogenesis and tumor cell metabolism, 

respectively [73]. 

Models Beyond 2D Monolayer Cultures 

Classic two-dimensional (2D) monolayer cultures of 

cancer cell lines are however associated with several 

limitations that limit their ability to mimic the tumor 

microenvironment [74]. They are deficient in the 

structural and physiological cues of native tissues and, 

therefore, have limited usefulness in the study of in vivo 

tumor behavior. To overcome these limitations, more 

sophisticated models that better reflect the structural, 

cellular, and microenvironmental characteristics of 

tumors have been developed by researchers. These 

include three-dimensional (3D) cell culture models, co-

culture systems, microfluidics-based platforms, and 

patient-derived cell lines [75]. In this section, we will 

discuss the significance and application of these models 

in oral squamous cell carcinoma (OSCC) research. 

Therefore, while traditional 2D monolayer cultures of 

cancer cell lines are easy to establish and widely used, 

they have major limitations that prevent them from 

accurately reflecting the tumor microenvironment. They 

are missing the structural and physiological cues of 

native tissues and therefore have limited usefulness in 

the study of in vivo tumor behavior. To address these 

limitations, more sophisticated models that better 

reflect the structural, cellular, and microenvironmental 

characteristics of tumors have been developed by 

researchers. These include three-dimensional (3D) cell 

culture models, co-culture systems, microfluidics-based 

platforms, and patient-derived cell lines. This section will 
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discuss the significance and application of these models 

in oral squamous cell carcinoma (OSCC) research [76]. 

3D Cell Culture Models 

Spheroid Models 

Spheroid cultures are microalgae cancer cell lines 

cultivated in suspension or in micropattern plates that 

allow the cells to form spherical structures on their own. 

Spheroids are quite different from the conventional 2D 

monolayers; they mimic the real architecture of tumors 

better by mimicking the gradients of oxygen, nutrients, 

and metabolites. These gradients lead to the formation 

of the zones within the spheroid: the outer proliferating 

layer, the quiescent core, and the necrotic core, which is 

similar to the heterogeneity of the in vivo tumors [77]. 

OSCC cell lines like CAL-27, SCC-9, and SCC-25 have been 

used to generate spheroids for drug testing. Spheroid 

models are very useful for the assessment of drug 

penetration since the compounds have to cross through 

several cell layers to reach the core. This way, it is 

possible to get a better estimation of the drug efficacy, 

particularly for the agents targeting hypoxic or nutrient-

deprived tumor regions [78]. 

For instance, previous studies with spheroid models of 

OSCC cell lines have shown that cisplatin is less effective 

in hypoxic conditions, thus suggesting the role of the 

microenvironment in drug resistance. Furthermore, 

spheroids are useful for investigating cancer stem cell-

like populations, which are reported to be enriched in 3D 

cultures and are responsible for tumor recurrence and 

metastasis [79]. 

Organoid Models 

Organoids are three-dimensional structures that are 

propagated from primary tumor tissues or cancer cell 

lines and retain the genetic and histological features of 

the original tumor. They are formed by seeding cells in 

extracellular matrix (ECM) components like Matrigel that 

give the structure and biochemical signals for growth and 

differentiation [80]. Organoids generated from OSCC 

tissues or cell lines are a more sophisticated model to 

study tumor biology and drug responses when compared 

to 2D cell lines. These models reflect the complexity of 

OSCC, comprising genetic mutations, cellular 

heterogeneity, and histopathological realism. For 

example, patient tumor-derived organoids have been 

applied to evaluate EGFR inhibitors and define the 

subpopulations of OSCC that are therapy-resistant. 

Furthermore, the potential to develop organoids from 

patient samples helps in personalized medicine. Thus, 

patient-specific organoids can be developed and treated 

with different drugs to develop a tailored treatment plan 

for the patient which may lead to better therapeutic 

results [81]. 

Co-Culture Models 

Complex co-culture systems include several cell types to 

mimic the tumor-stromal and tumor-immune crosstalks. 

The OSCC co-culture models along with their ability to 

mimic the dynamic crosstalk between cancer cells and 

their microenvironment have helped understand the 

interactions [82]. 

1- Cancer-Associated Fibroblasts (CAFs): CAFs are an 

important component of the tumor microenvironment 

and contribute significantly to OSCC growth, invasion, 

and therapy resistance. When OSCC cell lines were co-

cultured with CAFs, it was found that CAFs produce 

cytokines and growth factors such as TGF-β and VEGF 

that are responsible for promoting tumor growth and 

angiogenesis. These interactions can also lead to EMT, a 

process known to be associated with metastasis and 

drug resistance [83].  

2- Immune Cells: To this end, co-culture models that 

include immune cells, including T cells, macrophages, 

and NK cells, have been employed to model immune 

evasion in OSCC. For instance, the co-culture of OSCC cell 

lines with macrophages reveals that tumor cells are 

capable of educating these cells to assume the 

immunosuppressive M2 phenotype that benefits tumor 

growth and suppresses antitumor immunity. These 

models offer a better understanding of the possibility of 

immunotherapies like immune checkpoint inhibitors and 

CAR-T cell therapies [84]. 

3- Endothelial Cells. The crosstalk between OSCC cells 

and endothelial cells is vital for angiogenesis and 

metastasis. Endothelial cell co-culture models have been 

employed to investigate the role of VEGF signaling in 

vascularization and to assess anti-angiogenic treatments 

[85]. 

Co-culture systems are important to replicate the tumor 

stromal crosstalk to achieve a better understanding of 

OSCC biology. These models are of great importance in 
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evaluating combination therapies that aim to affect both 

tumor cells and their microenvironment [86]. 

Microfluidics and Lab-on-a-Chip Models 

Microfluidics-based models, also known as lab-on-a-chip 

systems, represent a significant advancement in cancer 

modeling. These platforms use micro engineered 

channels and chambers to recreate the physical and 

chemical conditions of the tumor microenvironment, 

including fluid flow, mechanical forces, and spatial 

organization [87] 

Features of Microfluidic Models 

Tumor Microenvironment Simulation: Microfluidic 

devices can recreate the gradients of oxygen, nutrients, 

and metabolites that are seen in tumors. Hypoxia-

induced drug resistance and other microenvironmental 

factors can, therefore, be studied [88]. 

Dynamic Interactions: Static 3D cultures cannot compare 

to the dynamic interactions of microfluidics in the study 

of interactions between tumor cells, stromal cells, and 

immune cells [89]. 

Drug Screening: Lab-on-a-chip devices facilitate high 

throughput drug screening with reduced reagents and 

cell consumption [90] 

Applications in OSCC Research 

Microfluidic platforms have been used to incorporate 

extracellular matrix components and track cell migration 

in real time to study OSCC invasion and metastasis. From 

these systems, it is possible to co-culture OSCC cells with 

stromal and immune cells to get some ideas about 

tumor-immune interactions. For instance, microfluidic 

models have revealed the function of immune 

checkpoint molecules like PD-L1 in the suppression of T-

cell activity in OSCC [91]. 

Besides, microfluidic devices have been employed to 

simulate clinical treatment regimens by administering 

drugs in a sequential and controlled manner to assess 

the efficacy of combination therapies. The ability to 

monitor drug responses in real-time is very useful in 

optimizing therapeutic strategies, and these models 

offer this capability [92]. 

Patient-Derived Cell Lines 

Patient-derived cell lines (PDCLs) are established from 

primary tumor samples of single patients and maintain 

the genomic, phenotypic, and functional characteristics 

of the primary tumor. The OSCC and tailored therapy are 

modeled more personally and clinically using these cell 

lines [93]. 

Significance in Personalized Medicine 

Genetic Diversity: PDCLs capture the OSCC’s genetic 

heterogeneity, including rare mutations and subtypes 

that are not represented in established cell lines [94]. 

Predictive Value: Drug screening on PDCLs can help in 

predicting the individual patient responses to therapies 

and thus help in selecting the most effective treatments 

[95]. 

Biomarker Discovery: PDCLs allow the discovery of 

biomarkers of drug sensitivity or resistance and thus help 

in the development of companion diagnostics [96] 

Applications in OSCC Research 

PDCLs have been used to evaluate the efficacy of 

targeted therapies, such as EGFR inhibitors and 

PI3K/AKT/mTOR pathway inhibitors, in patients with 

specific genetic alterations. They have also been 

employed to study resistance mechanisms, such as the 

emergence of secondary mutations or activation of 

alternative signaling pathways [97] 

The integration of PDCLs with other advanced models, 

such as organoids and microfluidics, has further 

enhanced their utility in OSCC research. For instance, 

patient-derived organoids established from PDCLs can 

be used to test drug combinations and identify 

synergistic effects, while microfluidic platforms enable 

the dynamic study of drug responses under 

physiologically relevant conditions [98]. 

Conclusion 

Oral squamous cell carcinoma (OSCC) cell lines have 

been very useful in pharmacological research and serve 

as a valuable model system for the study of tumor 

biology, the identification of molecular targets and the 

testing of anticancer therapies. These models have 

helped reveal much about tumor biology, including the 

role of key signaling pathways, such as EGFR and 

PI3K/AKT; the mechanism of action and resistance to 

drugs; and combination therapies. They are 

reproducible, easily obtainable and amenable to high-

throughput screening, and so are invaluable for 

preclinical studies. 
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The role of OSCC cell lines in the discovery and 

development of anticancer drugs cannot be 

overemphasized. They have helped in the discovery of 

potential drugs, including natural products, small 

molecules and immunotherapeutic agents, which are 

under clinical evaluation. Furthermore, these cell lines 

have helped in the understanding of the molecular 

events that occur during OSCC progression and 

treatment resistance, which in turn has helped in the 

development of new and better-targeted therapies. 

However, there are several drawbacks of the 

conventional OSCC cell lines, including their inability to 

mimic the real primary tumors and their 

microenvironment. To solve these issues, the application 

of advanced models is crucial. Three-dimensional 

cultures, co-culture systems, microfluidic devices, and 

patient-derived organoids provide more realistic systems 

that more accurately reflect the structural and cellular 

dynamics of tumors in vivo. Combining these novel 

platforms with new technologies including CRISPR-Cas9 

and single-cell sequencing will increase the translational 

relevance of the preclinical observations. 

In the future, the establishment and application of these 

advanced models will extend the knowledge gained in 

the laboratory to the clinic, thus accelerating the 

development of novel, personalized treatment strategies 

for OSCC and other head and neck cancers and, 

therefore, improving the quality of life of patients 

elsewhere. 
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