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1. Introduction 

1.1. Cytokines and their role in cancer and immunity  

Cytokines are small proteins that modulate and regulate immunological responses, 

inflammation, and hematopoiesis (Dinarello, 2007). They are produced by various types of 

cells, including immune cells like macrophages, B and T lymphocytes, and mast cells, as well 

as non-immune cells like endothelial cells and fibroblasts. By binding to specific receptors on 

target cells, cytokines activate signaling pathways that can lead to cell proliferation, 

differentiation, and apoptosis (O'Shea et al., 2002). Because of their great diversity, they are 

divided into several classes based on their structure and function. These classes include 

interleukins, interferons, tumor necrosis factors (TNFs), chemokines, and colony-stimulating 

factors (Akdis et al., 2011). Interleukins are mainly produced by leukocytes and facilitate their 

communication between each other, while interferons are known for their role in defense 

against viruses. TNFs are involved in systemic inflammation and can induce apoptotic cell 

death, chemokines guide cell migration during immune responses, and colony-stimulating 

factors stimulate blood cell production from hematopoietic stem cells. 

In the context of cancer, cytokines have a dual role; they can either promote tumor progression 

or contribute to anti-tumor immunity depending on the context and balance of different 

cytokines in the tumor microenvironment (TME). TME is a complex system made from tumor 

cells, stromal cells, and infiltrating immune cells, all of which communicate through cytokine 

signaling. Pro-inflammatory cytokines like tumor necrosis factor-alpha (TNF-α) and interferon-

gamma (IFN-γ) can trigger immune responses that attack tumor cells (Dranoff, 2004; Lienard 

et al., 1992). On the other hand, some cytokines can foster an immunosuppressive environment 

that supports tumor growth and protects the tumor from immune system attacks. 

Interleukins and chemokines are also crucial in malignant diseases. IL-6, for instance, is 

associated with chronic inflammation and has been linked to cancer progression by enhancing 

the survival and proliferation of malignant cells (Kishimoto, 2005). On the other hand, IL-10 is 

an anti-inflammatory cytokine that can suppress anti-tumor immunity, aiding malignant cells in 

evading the immune system (Moore et al., 2001). Chemokines, which direct the migration of 

immune cells, can either promote anti-tumor responses or help recruit immunosuppressive cells, 

depending on the context and the specific cells they attract. For example, chemokine CXCL10, 

also known as interferon gamma-induced protein 10 (IP-10), attracts T cells, natural killer (NK) 

cells, and monocytes to sites of inflammation. It is produced by various cells, including 
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monocytes, endothelial cells, and fibroblasts, in response to interferon-gamma (IFN-γ). 

Elevated levels of CXCL10 have been associated with various inflammatory diseases, but have 

also shown anti-tumor properties (Karin & Razon, 2018; Arenberg et al., 2001). Among the 

various cytokines, TNF-α and IFN-γ are particularly important due to their complex and 

sometimes contradictory roles in tumor progression and immunity. 

1.2. Tumor necrosis factor-alpha 

TNF-α is an inflammatory cytokine mainly secreted by macrophages in response to infection 

and inflammation. It was named based on its capacity to cause necrotic tumor cell death in vitro 

(Sharif et al., 2020). In addition to macrophages, other immune cells including T and B 

lymphocytes, NK cells, and dendritic cells have the ability to secrete TNF-α. It affects many 

different types of cells, such as fibroblasts, endothelial cells, and multiple tumor cell types. 

TNF-α is involved in the acute phase of inflammation, capable of inducing fever, apoptotic cell 

death, sepsis, and cachexia (Bradley, 2008). It plays a significant role in various inflammatory 

and autoimmune diseases such as rheumatoid arthritis, inflammatory bowel disease, and 

psoriasis (Tracey et al., 2008). In the context of malignant diseases, it has the ability to impede 

the growth of tumors by either inducing direct cell death in tumor cells or by triggering 

immunological responses that are detrimental to tumor development. In contrast, continuous 

production of TNF-α can stimulate the growth of tumors by promoting processes such as the 

formation of new blood vessels (angiogenesis), the multiplication of tumor cells, and the spread 

of tumor to other parts of the body (metastasis). The contrasting nature of TNF-α in cancer 

requires nuanced approach to therapy, as its inhibition can be beneficial in certain scenarios but 

detrimental in others (Balkwill, 2009; Sharif et al., 2020). 

TNF-α exerts its biological effects through two unique cell surface receptors, TNFR1 and 

TNFR2, which are present on nearly all cell types and elicit varied signaling and functional 

results. TNFR1 is involved in TNF-α's pro-inflammatory effects, while TNFR2 is involved in 

tissue regeneration and immune regulation (Sharif et al., 2020). 

Binding of TNF-α to its receptors triggers a series of intracellular signaling events that activate 

two important pathways in human B cells, NF-κB and JAK-STAT (Miscia et al., 2002). These 

pathways play a critical role in regulating the cellular response to inflammatory and 

immunological stressors.  

The NF-κB pathway is central to the regulation of genes involved in immune response, 

inflammation, and cell survival. The activation of NF-κB by TNF-α occurs when TNF receptors 
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are engaged, resulting in the recruitment of adaptor proteins such TRADD and RIPK1. These 

adaptor proteins then assist the activation of the IKK complex. IKK complex phosphorylates 

the inhibitor IκB, marking it for ubiquitination and eventual proteasomal destruction. When IκB 

degrades, it releases the NF-κB dimers. These dimers then move to the nucleus and start the 

process of transcribing several genes that are important for immunological function, 

inflammatory responses, and apoptosis prevention. The regulation of this pathway is complex, 

involving multiple levels of control, including the sequestration of NF-κB in the cytoplasm by 

IκB under normal conditions and its release and relocation into the nucleus upon activation 

(Vallabhapurapu & Karin, 2009). 

The Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway is 

another signaling cascade that is initiated by TNF-α in healthy and malignant B cells (Miscia 

et al., 2002). It transmits information from cytokines outside the cell to the nucleus. This system 

influences gene expression, which controls cell development, differentiation, and immune 

function. Cytokines bind to their receptors, leading to the activation of JAK kinases, which 

subsequently phosphorylate STAT proteins. The phosphorylated STATs form dimers and go to 

the nucleus, where they attach to DNA in order to control gene transcription. The specificity of 

the JAK-STAT signaling cascade is regulated by the distinct combinations of JAK and STAT 

proteins that are activated, which is controlled by the precise interactions between cytokines 

and receptors (Levy & Darnell, 2002; Aaronson & Horvath, 2002; Shuai & Liu, 2003). 

However, that the JAK-STAT pathway is primarily activated by IFN-γ. 

1.3. Interferon-gamma 

IFN-γ is produced by cells of the immune system, such as NK cells, natural killer T cells, and 

T helper cells, particularly the T helper 1 (Th1) subtype. Additionally, it can be produced by 

cytotoxic T cells and specific antigen-presenting cells (APCs) such as macrophages and 

dendritic cells. IFN-γ is usually produced as a reaction to infection or immunological challenges 

(Schroder et al., 2004). 

IFN-γ attaches to its distinct receptors on the surface of cells, known as IFN-γ receptors 1 and 

2 (IFNGR1 and IFNGR2), resulting in the recruitment and stimulation of JAK1 and JAK2 

kinases (Bach et al., 1997; Schroder et al., 2004). These enzymes provide phosphate groups to 

important tyrosine residues on the receptor, which then serve as binding sites for STAT1 

proteins. After being recruited to the receptor, STAT1 proteins undergo phosphorylation, which 

causes them to form dimers and then go into the nucleus. Once in the nucleus, they attach to 
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gamma-activated sequences (GAS) in the promoters of IFN-γ-responsive genes, which triggers 

the start of transcription (Darnell et al., 1994). 

The genes stimulated by IFN-γ via the JAK-STAT pathway produce a wide range of proteins 

that play a role in antimicrobial defense, antigen processing and presentation, regulation of the 

cell cycle, programmed cell death, and the activation of different immune system cells, such as 

macrophages, T cells, and NK cells (Boehm et al., 1997). IFN-γ and the JAK-STAT pathway 

have a role in infection and cancer, as well as in creating immune responses unique to different 

tissues and maintaining a balanced immune system. IFN-γ has a significant impact on the 

differentiation of T helper cells. It promotes the growth and function of Th1 cells while 

inhibiting the proliferation of Th2 and Th17 cells (Schroder et al., 2004). As a result, it plays a 

crucial role in determining the outcome of immune responses. Additionally, IFN-γ has the 

capacity to regulate the activity of different immune cells, such as dendritic cells, B cells, and 

regulatory T cells, which highlights its adaptable function within the immune system (Schroder 

et al., 2004). IFN-γ also activates macrophages, improving their ability to engulf foreign 

particles, increasing the presence of major histocompatibility complex (MHC) molecules, and 

stimulating the production of reactive oxygen and nitrogen species. These processes are 

essential for controlling and eliminating intracellular pathogens (Schroder et al., 2004).  

IFN-γ regulates the JAK-STAT pathway at several levels to prevent abnormal or extended 

activation, which may result in pathogenic diseases. Suppressors of cytokine signaling (SOCS) 

proteins, protein inhibitors of activated STATs (PIAS), and tyrosine phosphatases are examples 

of negative regulators (Shuai & Liu, 2003; Schroder et al., 2004). These proteins play a role in 

ensuring that the activation of STAT1 is temporary and dependent on the environment. Such 

regulation helps to finely adjust the cellular response to IFN-γ. The significance of this control 

is emphasized in illnesses characterized by dysregulation of IFN-γ signaling. Chronic activation 

of the IFN-γ JAK-STAT pathway is involved in the development of several autoimmune and 

inflammatory disorders, such as severe combined immunodeficiency, Crohn's disease, atopic 

dermatitis and asthma. In these conditions, the excessive and continuous signaling of IFN-γ 

leads to tissue damage and the progression of the illness (Shuai & Liu, 2003). Furthermore, 

IFN-γ has the ability to directly inhibit the growth of tumor cells and promote their programmed 

cell death (Kaplan et al., 1998). It can also increase the ability of tumors to be recognized by 

the immune system by increasing the production of MHC molecules, which helps in presenting 

tumor antigens to T cells. However, persistent IFN-γ signaling within the tumor 

microenvironment might facilitate immune evasion by stimulating the production of immune 
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checkpoint markers, such as PD-L1, on tumor cells, and by fostering the creation of an 

immunosuppressive setting (Munn & Bronte, 2016; Yi et al., 2021).  

Furthermore, although not directly activated by TNF-α, STAT1 is required for TNF-α-induced 

apoptosis (Kumar et al., 1997). SOCS1 mediates this cross-talk by inhibiting both NF-κB and 

STAT1 activation in response to LPS in macrophages (Kinjyo et al., 2002). The interaction of 

SOCS1 with IL-1R-associated kinase (IRAK) further explains its inhibitory role in NF-κB 

signaling (Nakagaawa et al., 2002). Thus, SOCS1 links the JAK-STAT and NF-κB pathways, 

further emphasizing the roles of TNF-α and IFN-γ in immune responses (Shuai & Liu, 2003). 

Deregulation of JAK-STAT and NF-κB, as well as mutations in some genes activated by those 

pathways, such as REL, PDL1, and CXCL10, are considered to be hallmark features of primary 

mediastinal B-cell lymphoma (PMBCL) (Weniger et al., 2007; Steidl & Gascoyne, 2011). 

1.4. Transcription factor cREL 

Out of five members of the NF-κB family, reticuloendotheliosis viral oncogene homolog 

(cREL) has the most significant association with human lymphoma. It plays a pivotal role in 

the pathogenesis and progression of PMBCL. Characterized by frequent genetic aberrations, 

including amplifications at the REL gene locus, cREL contributes significantly to 

lymphomagenesis through its transcriptional control over genes that regulate cell survival, 

proliferation, and immune responses. In PMBCL, these genetic alterations can lead to the 

constitutive activation of REL, promoting tumor growth and survival by enhancing 

inflammatory pathways and immune evasion mechanisms (Kober-Hasslacher & Schmidt-

Supprian, 2019). 

1.5. Chemokine CXCL10 

Chemokine CXCL10, also known as γ interferon-inducible cytokine 10 (IP-10) (Luster & 

Ravetch, 1987; Kaplan et al., 1987), recruits T lymphocytes expressing CXCR3, enabling their 

infiltration into the tumor site. This process is crucial for starting immune responses that 

effectively target tumor cells. The activation of CXCL10 in PMBCL is important because it 

stimulates the recruitment of effector T cells that can carry out anti-tumor actions, hence 

improving immune surveillance and possibly inhibiting tumor development. Furthermore, the 

capacity of CXCL10 to control the polarization of T cells in the tumor microenvironment not 

only aids in direct anti-tumor actions but also influences the immune landscape. This functional 

spectrum emphasizes the possibility of using CXCL10-mediated pathways as a treatment 
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strategy in PMBCL with the goal of improving T cell-mediated immunity and disrupting the 

TME's tumor-supportive environment (Karin & Razon, 2018). 

1.6. Programmed death receptor 1 and its ligands 

Predominantly active in the tumor microenvironment, PD-1 and its ligands, PD-L1 and PD-L2, 

are expressed by tumor and immune cells, weakening immune response particularly when 

upregulated by IFN-γ. PD-1 also affects B cells and NK cells, leading to further immunological 

suppression. Studies including PD-1 inhibitors such as nivolumab show promising results in 

the treatment of advanced tumors and B-cell malignancies, indicating the important function of 

PD-1 in immune regulation and cancer therapy (Nicholas et al., 2016; Yi et al., 2021). Extensive 

research has been done on the role of PD-L1 and its genetic changes in PMBCLthat showed 

notable clinical effects (Xie et al., 2019). 

1.7. Primary mediastinal B-cell lymphoma 

PMBCL is a distinct subtype of B-cell lymphoma. Although previously considered a subtype 

of diffuse large B-cell lymphoma (DLBCL), recent classifications recognize PMBCL as a 

separate entity. This lymphoma shares clinical and morphological characteristics with both 

DLBCL and classical Hodgkin lymphoma (cHL), complicating its diagnosis (Campo et al., 

2011; Lees et al, 2019). Standard immunohistochemical biomarkers for PMBCL, such as CD23 

and MAL, can assist in differentiation from DLBCL and nodular sclerosis Hodgkin lymphoma 

(NScHL), but these markers are not without limitations. Advanced diagnostic techniques like 

genetic profiling and molecular studies are being used to improve diagnostic accuracy and tailor 

therapeutic strategies (Steidl et al., 2011; Lees et al., 2019).  

PMBCL, which mostly originates in the mediastinum, commonly occurs in young adults, 

especially females, and usually shows local invasion. Clinically, PMBCL commonly affects 

women in their 30s and 40s and often presents with compressive symptoms due to a large 

mediastinal mass. Superior vena cava obstruction is common, and while initial disease tends to 

be localized, relapse can lead to widespread dissemination. Pathologically, PMBCL exhibits 

genetic markers of germinal center transit, consistent with its origin from thymic B-cells (Lees 

et al., 2019). 

Genetically, PMBCL is marked by frequent amplifications of chromosome 9p24.1, leading to 

the overexpression of JAK2, JMJD2C, and PDL1/PDL2 genes. This results in the constitutive 

activation of the JAK-STAT and NF-κB signaling pathways. REL gene is often amplified, 

resulting in nuclear localization of cREL and increased NF-κB pathway activity (Weniger et al., 
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2007; Steidl & Gascoyne, 2011). The REL gene is located on chromosome 2p12-16. According 

to Kober-Hasslacher & Schmidt-Supprian (2019), chromosomal 2p overrepresentations in 

PMBCL occur in 28% of cases on average. Bea et al. (2005) found 2p gains in 47% of samples 

and Lenz et al. (2008) reported 26% with gains and 19% with amplifications, based mostly on 

the same cohort. An independent cohort showed 2p gains in 27% of biopsies, including some 

with high-level REL amplifications (Joos et al., 1996). Comparative genomic hybridization 

(CGH) by Bentz et al. (2001) identified 2p14-16 overrepresentation in 19% of cases, and 

Weniger et al. (2007) using fluorescence in situ hybridization (FISH) confirmed additional 

gains and amplifications, totaling 15 REL copy number changes in 20 samples. The constitutive 

activation of NF-κB is frequently caused by amplifications of the REL gene and mutations in 

TNFAIP3 gene, which encodes tumor necrosis factor alpha-induced protein 3 (TNFAIP3), a 

negative regulator of the pathway. Aside from the amplification of 9p24.1, there are also 

common mutations in SOCS1 and STAT6 that contribute to the dysregulation of JAK/STAT 

signaling. Altered histone modification is also involved, since the overexpression of JMJD2C 

results in abnormal methylation of histone 3, which in turn promotes the development of active 

chromatin (Lees et al., 2019; Steidl & Gascoyne, 2011). 

PMBCL has the ability to evade the immune system through many different strategies, 

including the suppression of MHC class II molecules and the overproduction of PD-1 ligands. 

For example, Twa et al. (2014) found frequent rearrangements of 9p24.1 in PMBCL, with 

break-apart occurring in about 20% of cases and amplification in 29%, and Shi et al. (2014) 

observed elevated PD-L2 protein expression in the majority of PMBCL cases (72%), 

contrasting with its rare expression in DLBCL (3%), often associated with PDCD1LG2 copy 

gain. Genetic changes affecting CIITA, the master regulator of MHC class II genes, are also 

common in PMBCL and result in decreased MHC class II expression. Steidl et al. (2011) 

identified recurrent breaks of the CIITA gene in 38% of PMBCL cases, compared to 15% in 

classical Hodgkin lymphoma (cHL). Additionally, Roberts et al. (2006) linked poor patient 

survival in PMBCL to decreased MHC II expression. The reduction in MHC II expression 

combined with the increased production of PD-1 ligands allows PMBCL cells to evade immune 

surveillance (Lees et al., 2019). 

Research of PMBCL involves a combination of several different approaches and advanced 

molecular techniques to create a comprehensive picture of this type of lymphoma. For example, 

in vitro studies, use cell lines derived from PMBCL as a model to investigate its molecular 

mechanisms, genetic profile and responses to various types of therapy. Most commonly used 
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cell lines are MedB-1, Karpas 1106p, Farage and U-2940 (Dai et al., 2015. These cell lines are 

also used to study tumor growth, metastasis, and therapeutic efficacy in a live organism by 

implanting them as xenografts into immunodefficient mice (Hao et al., 2014; Lee et al., 2018). 

Lastly, clinical trials provide invaluable insights by correlating molecular findings with patient 

outcomes, assessing the efficacy and safety of novel therapeutic interventions, and identifying 

potential biomarkers for prognosis and treatment response (Zinzani et al., 2019).  

1.8. Cervical carcinoma 

Cervical carcinoma is one of the most common carcinomas affecting women worldwide. In 

contrast to PMBCL, cervical carcinoma relies less on the activation of JAK-STAT and NF-κB 

pathways. It is mostly caused by an infection with high-risk types of human papillomavirus 

(HPV), namely HPV-16 and HPV-18 (Walboomers et al., 1999; Schiffman et al., 2011). These 

viruses integrate their DNA into the host genome, which causes the disruption of normal cellular 

functions. However, multiple genetic and epigenetic changes must occur in order for HPV 

infection to progress to cervical carcinoma. HPV oncoproteins E6 and E7 inactivate tumor 

suppressor proteins p53 and retinoblastoma (Rb), respectively. This inactivation disrupts cell 

cycle regulation and promotes genomic instability. These changes result in uncontrolled cell 

proliferation, resistance to apoptosis, and increased potential for metastasis. The pathology of 

cervical carcinoma typically begins with pre-cancerous lesions known as cervical intraepithelial 

neoplasia (CIN), which can progress to invasive carcinoma if left untreated (Schiffman et al., 

2011). In addition to these viral oncoproteins, cervical carcinoma cells often exhibit mutations 

in various other genes, some involved in DNA repair, such as BRCA1 and BRCA2, further 

contributing to genetic instability (Charo & Keating, 2005; Cancer Genome Atlas Research 

Network, 2017). 

Similarly to PMBCL, cervical cancer research involves a combination of experimental and 

clinical approaches to unravel the complexities of the disease, with a particular focus on the 

role of HPV in its pathogenesis. Common cervical cancer cell lines such as HeLa, SiHa, and 

CaSki are utilized in vitro and in vivo to explore the genetic alterations, molecular pathways, 

and therapeutic responses (Meissner, 1999; Zheng et al., 2021). Another critical in vivo 

approach involves patient-derived xenografts (PDX), where tumor samples from cervical 

carcinoma patients are implanted into mice, preserving the tumor's original genetic and 

phenotypic traits (Tanaka et al., 2021). Clinical studies linking laboratory findings with patient 

care also play an important role in our understanding of this type of cancer (Schmidt et al., 

2022).  
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2. Research objectives 

The objective of this research is to analyze the expression of the REL, PDL1 and CXCL10 genes 

after treatment with tumor necrosis factor α (TNF-α) and the CXCL10 and PDL1 genes after 

treatment with interferon γ (IFN-γ) in cell lines of lymphoid origin MedB-1 (Möller et al., 2001) 

and Karpas 1106p (Nacheva et al., 1994) and in the epithelial cell line HeLa in order to 

determine whether these cytokines equally affect tumors originating from epithelial and 

lymphoid cells. The research hypothesis is that tumor cells of different origins, due to variations 

in the number of copies of certain genes and unique expression patterns, will show different 

responses to treatment with cytokines TNF-α and IFN-γ, depending on the concentration of 

cytokines. 
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3. Materials and methods 

3.1 Materials 

In this study I have used cell pellets from the lymphoid-origin cell lines MedB-1 and Karpas 

1106p, as well as the epithelial-origin cell line HeLa. The cells have been previously treated 

with the cytokine TNF-α (5, 10, 20, and 50 ng/ml) and cytokine IFN-γ (30 and 50 ng/ml) for 

24 and 48 hours. Control cells were not given any treatment. Each experiment was performed 

in triplicate. 

This research would not have been possible without the support of Dr. K. Mellert, Dr. S. 

Bruderlein and Prof. Dr. P. Möller whom we are very grateful for providing the cell line MedB-

1. Möller et al. (2001) established MedB-1 cell line using tumor tissue from a 27-year-old male 

patient with PMBCL, presented with a large lump in the anterior part of the chest. MedB-1 not 

only has a similar immunophenotypic profile to the parental tumor, but it also has the same 

cytogenetic abnormalities, namely affecting chromosomes X and 9, which are known to have a 

role in the development of PMBCL. The cell line shows gains in genetic material on 

chromosome 9p, particularly in the area where the JAK2 gene is located. 

The Karpas 1106p cell line, derived from a 23-year-old woman with mediastinal lymphoblastic 

B-cell non-Hodgkin's lymphoma (B-NHL) (Nacheva et al. 1994), is characterized by its unique 

chromosomal abnormality. It has a complex translocation affecting chromosome 18q21.3, 

linked to various B-cell lymphomas. Karpas 1106 also exhibits characteristics of mature B-

cells, expressing IgG and lacking BCL2 protein. The complex karyotype includes additional 

chromosomal abnormalities, such as deletions and rearrangements, which may contribute to the 

aggressive nature of the original tumor. The Karpas 1106 line showed 4 times greater NF-κB 

activity compared to the DHL6 cell line, suggesting constitutive activation of NF-κB pathway 

(Feuerhake et al. 2005). 

HeLa cell line, isolated in 1951 from cervical cancer tissue from a 31-year-old female patient, 

is the first cultivated human cell line (Gey et al. 1952; Masters 2002). Its number of 

chromosomes ranges between 70 and 164, with the modal number of 82 (Chen, 1988). The cells 

show positivity for keratin when tested with immunoperoxidase staining. HeLa cells have been 

documented to carry sequences of HPV-18 (Pater & Pater, 1985). Additionally, p53 expression 

was observed to be low, while normal levels of the retinoblastoma suppressor protein (pRB) 

were detected. Transcriptome analysis of HeLa cells found that around 2000 genes are 

expressed at levels higher than those observed in 16 different human tissues. The primary role 



11 
 

of these genes is mostly related to processes such as cell proliferation, transcription, and DNA 

repair (Landry et al. 2013). 

3.2. Methods 

3.2.1. RNA isolation and quality control 

I have extracted the total RNA from the cell pellets using the Quick-DNA/RNA FFPE MiniPrep 

Kit (Zymo Research, Irvine, CA, USA). Deparaffination and tissue digestion steps were skipped 

and cell pelets were incubated in 600 µL of DNA/RNA Lysis Buffer for 1 minute at room 

temperature. RNA isolation was further done according to the manufacturer's instructions. 

Following the isolation, I assessed the RNA quantity and quality using spectrophotometer 

NanoVue (Thermo Fisher Scientific, USA) (Shen 2019). 

3.2.2. cDNA synthesis 

I performed reverse transcription of the purified RNA to complementary DNA (cDNA) using 

the PrimeScript Reverse Transcriptase kit (Takara, Kusatsu, Japan), DNTPs (Sigma Aldrich, St. 

Louis, Missouri, USA), RNase-free water (Lonza Group, Basel, Switzerland), and random 

hexamers (Invitrogen, Waltham, Massachusetts, USA). I prepared two reaction mixtures in 

microcentrifuge tubes according to Table 1. I calculated the volume of the RNA template to be 

added to the first reaction mixture using the concentrations of the isolated RNA, so that the total 

mass of RNA added did not exceed 500 ng. After adding the calculated volume of the RNA 

template to the reaction mixture, I added RNase-free water to the sample to reach a total volume 

of 10 μL. For samples with lower concentrations, I added the RNA template in a volume of 8 

μL, without the RNase-free water. For the positive control, I added 120-160 ng of RNA template 

isolated from fresh cells of lymphoid origin and supplemented it with RNase-free water to the 

final volume. In order to eliminate the possibility of contamination, I used 8 μL of RNase-free 

water instead of RNA in the negative control reactions. The samples were then incubated for 5 

minutes at 65°C to denature the RNA, then quickly cooled on ice for at least 5 minutes. While 

the first reaction mixture was incubating, I prepared the second reaction mixture. The reaction 

mixture was then incubated according to the protocol: 10 minutes at 30°C, 60 minutes at 42°C, 

and 15 minutes at 70°C, followed by holding at 4°C indefinitely. The generated cDNA was 

stored at a temperature of -20°C. 
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Table 1. Reverse transcription reaction mixtures. 

Reaction 

mix 

Ingredients Final 

concentration 

Mixture I Random hexamers (50 µM) (Invitrogen, USA) 5 µM 

Deoxyribonucleotide mix (10 mM) (Sigma Aldrich, 

USA) 

1 mM 

RNA ≤ 500 ng 

AccuGene water (Lonza Group, Switzerland) up to 10 µL 

 Total volume 10 µL 

Mixture II Mixture I  

5x PSRT buffer (Takara, Japan) 1X 

PrimeScript Reverse Transcriptase (200 U/µL) 

(Takara, Japan) 

5 U/µL 

Recombinant RNase inhibitor (40 U/µL) (Takara, 

Japan) 

1 U/µL 

AccuGene water (Lonza Group, Switzerland) up to 20 µL 

 Total volume 20 µL 
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3.2.3. Quantitative Real-Time PCR 

I have measured the expression levels of the target genes REL, PDL1, and CXCL10 using real-

time polymerase chain reaction (RT-PCR), which was carried out using the PowerUp SYBR 

Green Master Mix (Applied Biosystems, Waltham, Massachusetts, USA). I used HPRT1 gene 

as endogenous control, and specific primers listed in Table 2 for analyzed genes. 

Table 2. Primer sequences for the genes REL, CXCL10, PD-L1, and HPRT1. 

Gene Primer orientation Primer sequence 

REL 
Forward 5'-GAACCCAATTTATGACAACCGTGC-3' 

Reverse 5'-TTTCATCTCCTCCTCTGACACTTC-3' 

CXCL10 
Forward 5'-AAAGCAGTTAGCAAGGAAAGGTCT-3' 

Reverse 5'-CTGTGTGGTCCATCCTTGGAA-3' 

PD-L1 
Forward 5'-GGGCATTCCAGAAAGATGAGGA-3' 

Reverse 5'-AACCGTGACAGTAAATGCGTTC-3' 

HPRT1 
Forward 5'-CCTGGCGTCGTGATTAGTGAT-3' 

Reverse 5'-AGACGTTCAGTCCTGTCCATAA-3' 

I prepared the reaction mixtures for individual genes in microcentrifuge tubes according to 

Table 3. I calculated the volume of the cDNA template based on the concentration of the isolated 

RNA and the assumed cDNA concentration of 500 ng/20 μl. I added the cDNA template so that 

the total amount of cDNA per well did not exceed 50 ng. I also prepared three controls: a 

positive qPCR control, a negative qPCR control, and a negative reverse transcription control. 

For the positive qPCR control, I added 1 μl of the cDNA made from RNA template used as a 

positive control for reverse transcription and supplemented it with water to the final volume. 

For the negative qPCR control, I only added water to the final volume, and for the reverse 

transcription control, I added 1 μl of the negative reverse transcription control and water to the 

final volume. Each PCR reaction was run in duplicate, including no-template controls. The 

reactions were run according to the protocol: 2 minutes at 50°C, 10 minutes at 95°C, and 40 

cycles of 15 seconds at 95°C for DNA denaturation followed by 1 minute at 95°C for primer 

alignment and amplification. The amplification data were collected and analyzed using the 

CFX96 Real-Time System (Bio-Rad, Hercules, California, USA). 
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Table 3. Real-time polymerase chain reaction mastermix. 

Ingredients 
Final 

concentrations 

2X SYBR Green PCR Master Mix (Applied Biosystems, 

USA) 

1X 

Forward primer (10 μM) 0,05 μM 

Reverse primer (10 μM) 0,05 μM 

cDNA < 50 ng 

AccuGene water (Lonza Group, Switzerland) up to 20 µL 

Total volume 20 µL 

 

3.2.4. Data quantification and normalization 

I have quantified the relative gene expression levels based on the cycle threshold (Ct) values, 

which inversely correlate with the amount of target nucleic acid in the sample, using the delta-

delta Ct (ddCt) method (Livak & Schmittgen, 2001). This approach involved normalizing the 

Ct values of target genes to the endogenous control, HPRT1, to account for any sample-to-

sample variations. I calculated the normalized Ct values (dCt) for each triplicate, then calculated 

the ddCt value using the following formula: ddCt = average dCt(treated) – average 

dCt(untreated). Finally, I calculated the fold change in gene expression (FC) across different 

cell lines and experiment conditions using the formula: FC = 2-ddCt. 

Additionally, to facilitate a relative comparison of gene expression between the lymphoid and 

epithelial cell lines in response to cytokine treatment, I have utilized a HeLa-Normalized Fold 

Change (HFC) metric. This normalization technique entailed adjusting the average dCt values 

of the MedB-1 and Karpas 1106p cell lines with those from the HeLa cell line, which served as 

a constant reference across all experiments. The HFC was calculated using the formula: 

HFC = 2[ୟ୴ୣ୰ୟ୥ୣ ୢେ୲(େୣ୪୪ ୐୧୬ୣ)– ୟ୴ୣ୰ୟ୥ୣ ୢେ୲(ୌୣ୐ୟ)], thus enabling a direct comparison of gene 

expression changes relative to the baseline established by HeLa cells. 

3.2.5. Statistical analysis 

Differences in gene expression levels between treatments and cell lines were statistically 

evaluated using an independent variables t-test, which I have conducted using the Microsoft 

Excel. Significant level was set at a p-value threshold of less than 0.05 after Benjamini-

Hochberg correction for multiple testing. 
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4. Results 

4.1. RNA isolation 

4.1.1. MedB-1 cell line 

At 24 hours post-treatment, RNA concentrations in MedB-1 cells treated with TNF-α and IFN-

γ ranged from 53.6 to 200.4 μg/ml. Most samples showed high purity with A260/280 ratios near 

2.0 and A260/230 ratios for most samples were above 2.0, with some deviations below this 

threshold (Table 4). After 48 hours, RNA concentrations increased considerably (up to 315.2 

μg/ml) with better purity ratios overall (Table 5).  

Table 4. Concentrations and purity of RNA isolated from the pellets of fresh MedB-1 cells 24 hours 
after treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated 
samples, PC -  positive control 

MedB-1 

24 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1  
a 118.4 2.041 2.295 
b 160.0 2.051 2.353 
c 185.2 2.031 2.281 

TNF-α 10 ng ml-1 
a 157.6 2.052 1.807 
b 127.6 2.045 0.786 
c 84.8 2.000 1.696 

TNF-α 20 ng ml-1 
a 163.6 2.035 2.351 
b 169.2 2.043 2.074 
c 162.8 2.045 2.261 

TNF-α 50 ng ml-1 
a 153.6 2.065 1.662 
b 174.4 2.028 2.259 
c 143.6 2.028 2.442 

IFN-γ 30 ng ml-1  
a 109.6 2.045 2.322 
b 200.4 2.045 2.298 
c 70.8 2.011 1.229 

IFN-γ 50 ng ml-1  
a 85.2 2.009 2.393 
b 123.2 2.053 2.124 
c 86.0 2.048 2.590 

 a 53.6 2.030 2.913 
NT b 155.6 2.047 2.401 

 c 160.0 2.041 2.424 
PC  39.6 1.980 1.707 
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Table 5. Concentrations and purity of RNA isolated from the pellets of fresh MedB-1 cells 48 hours 
after treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated 
samples, PC -  positive control 

MedB-1 

48 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1  
a 197.2 2.089 1.318 
b 180.0 2.064 1.515 
c 236.8 2.099 1.922 

TNF-α 10 ng ml-1 
a 179.2 2.074 1.322 
b 182.0 2.078 2.040 
c 131.6 2.056  

TNF-α 20 ng ml-1 
a 186.0 2.085 1.615 
b 315.2 2.074 2.101 
c 262.0 2.073 2.198 

TNF-α 50 ng ml-1 
a 207.6 2.076 2.136 
b 174.8 2.061 2.142 
c 117.6 2.042 2.056 

IFN-γ 30 ng ml-1  
a 192.8 2.060 2.152 
b 173.6 2.067 2.226 
c 218.4 2.060 2.202 

IFN-γ 50 ng ml-1  
a 212.0 2.054 2.275 
b 167.2 2.049 2.322 
c 234.0 2.053 2.267 

 a 127.6 2.071 2.200 
NT b 213.6 2.054 2.302 

 c 259.2 2.064 2.104 
PC  32.4 2.025 2.746 
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4.1.2. Karpas 1106p cell line 

At 24 hours post-treatment, RNA concentrations in Karpas 1106p cells treated with TNF-α and 

IFN-γ ranged from 32.0 to 127.2 μg/ml. The majority of the samples showed good purity, as 

indicated by A260/280 ratios that were typically close to 2.0, with the exception of a few samples 

(Table 6). After 48 hours, the minimum RNA concentration was 38.4 μg/ml, and the maximum 

was 108.8 μg/ml. Additionally, there was a general improvement in the overall purity ratios, as 

seen in Table 7.  

Table 6. Concentrations and purity of RNA isolated from the pellets of fresh Karpas 1106p cells 24 
hours after treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated 
samples, PC -  positive control 

Karpas 1106p 

24 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1 
a 51.2 2.065 0.871 
b 60.8 1.974 0.741 
c 127.2 1.395 1.536 

TNF-α 10 ng ml-1 
a 42.4 1.767 1.710 
b 40.8 1.594 0.694 
c 55.2 1.605 2.604 

TNF-α 20 ng ml-1 
a 48.4 1.635 0.840 
b 58.4 1.678 2.607 
c 47.6 1.630 3.051 

TNF-α 50 ng ml-1 
a 47.2 1.639 0.432 
b 32.0 1.538 3.239 
c 48.4 1.658 1.142 

IFN-γ 30 ng ml-1 
a 77.2 1.787 2.144 
b 69.6 1.812 2.203 
c 64.4 1.713 2.268 

IFN-γ 50 ng ml-1 
a 59.2 1.682 2.596 
b 75.6 1.783 2.487 
c 55.2 1.747 2.760 

 a 59.6 1.774 2.403 
NT b 57.2 1.765 2.860 

 c 58.0 1.768 2.788 
PC   20.8 1.444 3.023 
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Table 7. Concentrations and purity of RNA isolated from the pellets of fresh Karpas 1106p cells 48 
hours after treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated 
samples 

Karpas 1106p 

48 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1  
a 48.0 2.069 0.976 
b 55.6 2.044 1.495 
c 52.8 2.062 0.555 

TNF-α 10 ng ml-1 
a 60.0 2.055 1.393 
b 60.8 2.000 2.027 
c 52.8 2.095 1.148 

TNF-α 20 ng ml-1 
a 108.8 1.388 1.381 
b 61.6 2.000 1.878 
c 56.0 2.059 0.778 

TNF-α 50 ng ml-1 
a 64.0 2.000 1.860 
b 52.0 2.000 1.585 
c 56.4 1.986 1.986 

IFN-γ 30 ng ml-1  
a 85.6 2.019 2.326 
b 96.0 2.017 1.846 
c 103.6 2.023 2.106 

IFN-γ 50 ng ml-1  
a 101.6 2.000 1.910 
b 108.8 2.015 2.176 
c 71.2 1.914 3.633 

 a 48.0 1.765 10.300 
NT b 46.8 2.017 1.918 

 c 38.4 2.133 0.513 
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4.1.3. HeLa cell line 

At 24 hours post-treatment, RNA concentrations in HeLa cells treated with TNF-α and IFN-γ 

ranged from 133.6 to 448.4 μg/ml. Most samples showed high purity with A260/280 ratios close 

to 2.0 and A260/230 ratios generally above 2.0, indicating good RNA quality, with a few 

exceptions showing slight deviations below this threshold (Table 8). In samples collected 48 

hours post-treatment, RNA concentrations rose, reaching the highest level at 935.2 μg/ml (Table 

9). The purity ratios, as shown by the A260/280 and A260/230 ratios, typically remained close to 2.0. 

Table 8. Concentrations and purity of RNA isolated from the pellets of fresh HeLa cells 24 hours after 
treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated samples 

HeLa 

24 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1  
a 370.0 2.074 2.330 
b 411.6 2.066 2.185 
c 413.2 2.070 2.212 

TNF-α 10 ng ml-1 
a 374.8 2.046 2.184 
b 418.8 2.037 2.390 
c 351.2 2.037 2.212 

TNF-α 20 ng ml-1 
a 434.8 2.043 2.293 
b 412.4 2.043 2.166 
c 133.6 2.000 2.242 

TNF-α 50 ng ml-1 
a 354.4 2.037 2.350 
b 268.0 2.030 2.134 
c 395.6 2.039 2.227 

IFN-γ 30 ng ml-1  
a 448.4 2.061 1.768 
b 290.0 2.048 2.217 
c 353.6 2.032 2.244 

IFN-γ 50 ng ml-1  
a 288.8 2.022 2.069 
b 293.6 2.028 2.146 
c 259.2 2.031 2.104 

 a 331.2 2.024 2.226 
NT b 223.6 2.004 2.227 

 c 290.4 2.017 2.234 
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Table 9. Concentrations and purity of RNA isolated from the pellets of fresh HeLa cells 48 hours after 
treatments with TNF-α (5, 10, 20, and 50 ng/ml) and IFN-γ (30 and 50 ng/ml). NT - untreated samples 

HeLa 

48 h post-treatment 

Treatment Sample 𝜸(RNA) / μg ml-1 A260/280 A260/230 

TNF-α 5 ng ml-1  
a 745.6 2.042 2.248 
b 880.0 2.075 2.340 
c 887.6 2.040 2.257 

TNF-α 10 ng ml-1 
a 732.0 2.047 2.243 
b 712.4 2.038 2.232 
c 708.8 2.041 2.272 

TNF-α 20 ng ml-1 
a 544.8 2.024 2.285 
b 894.4 2.048 2.259 
c 935.2 2.045 2.239 

TNF-α 50 ng ml-1 
a 686.4 2.050 2.206 
b 787.6 2.040 2.253 
c 624.4 2.017 2.369 

IFN-γ 30 ng ml-1  
a 890.8 2.054 2.268 
b 504.0 2.026 2.382 
c 716.4 2.040 2.279 

IFN-γ 50 ng ml-1  
a 430.4 2.026 2.242 
b 584.8 2.022 2.409 
c 381.2 2.019 2.296 

 a 438.8 2.017 2.281 
NT b 408.4 2.018 2.200 

 c 320.8 2.015 2.298 
 

 

4.2. Changes in gene expression following TNF-α treatment 

4.2.1. The analysis of REL expression in model cell lines MedB-1, Karpas1106p 

and HeLa after TNF-α treatment 

In the initial 24-hour period post TNF-α treatment, notable differential responses were observed 

across cell lines for REL gene expression (Figure 1.A). Specifically, MedB-1 cells showed 

statistically significant lower REL expression at the 20 ng/ml concentration with a 2.5-fold 

decrease compared to baseline expression measured in untreated samples. Both Karpas 1106p 

and HeLa cells did not show significant change in REL expression at any of the administered 

doses. 
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After 48 hours post-treatment (Figure 1.B), MedB-1 cells showed a dose-dependent increase in 

REL expression at doses of 10, 20, and 50 ng/ml. The Karpas 1106p cells consistently showed 

no change in expression at all doses, whereas HeLa cells exhibited a significant increase in REL 

expression in comparison to untreated samples only at the dosage of 5 ng/ml, with a fold change 

of 1.59. 

4.2.2. The analysis of CXCL10 expression in model cell lines MedB-1, 

Karpas1106p and HeLa after TNF-α treatment 

In examining the effect of TNF-α on the expression of the CXCL10 gene, MedB-1 and Karpas 

1106p cells showed no change in expression levels at the 24-hour mark for all dosages (Figure 

Figure 1. Changes in cREL expression across cell lines A) 24 hours and B) 48 hours post-treatment with 

5 ng/ml (blue), 10 ng/ml (red), 20 ng/ml (yellow) and 50 ng/ml (green) of TNF-α. Asterisk (*) marks 

the statistically significant results determined by independent variable t-test (p < 0,05). 

A) 

B) 
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2.A). Contrastingly, HeLa cells presented a clear dose-dependent increase in CXCL10 

expression at 5, 10, and 20 ng/ml compared to untreated cells. 

After 48 hours, no statistically significant changes were noted at any dosage in any of the cell 

lines examined (Figure 2.B). 

  

Figure 2. Changes in CXCL10 expression across cell lines A) 24 hours and B) 48 hours post-treatment 

with 5 ng/ml (blue), 10 ng/ml (red), 20 ng/ml (yellow) and 50 ng/ml (green) of TNF-α. Asterisk (*) 

marks the statistically significant results determined by independent variable t-test (p < 0,05). 

A) 

B) 
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4.2.3. The analysis of PDL1 expression in model cell lines MedB-1, 

Karpas1106p and HeLa after TNF-α treatment 

Within 24 hours of TNF-α exposure, MedB-1 cells displayed no statistically significant changes 

in PDL1 expression (Figure 3.A). In Karpas 1106p cells, a statistically significant decrease from 

baseline PDL1 expression was observed at the 20 ng/ml dose. HeLa cells, conversely, exhibited 

an increase in PDL1 expression at the 5 and 50 ng/ml concentrations.  

Observing the 48-hour time point (Figure 3.B), MedB-1 cells demonstrated a dose-dependent 

increase in PDL1 expression, with statistically significant changes across a range from 10 to 50 

ng/ml. Karpas 1106p cells and HeLa cells showed no changes in PDL1 expression. 
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Figure 3. Changes in PDL1 expression across cell lines A) 24 hours and B) 48 hours post-treatment 

with 5 ng/ml (blue), 10 ng/ml (red), 20 ng/ml (yellow) and 50 ng/ml (green) of TNF-α. Asterisk (*) 

marks the statistically significant results determined by independent variable t-test (p < 0,05). 

A) 

B) 
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4.3. Changes in gene expression following IFN-γ treatment 

4.3.1. The analysis of CXCL10 expression in model cell lines MedB-1, 

Karpas1106p and HeLa after IFN-γ treatment 

Upon a 24-hour treatment with IFN-γ, an increase in CXCL10 expression was recorded in 

MedB-1 and Karpas 1106p cells (Figure 4.A). MedB-1 cells showed a 264-fold rise at 30 ng/ml 

and a 525-fold increase at 50 ng/ml. Expression of CXCL10 in Karpas 1106p cells increased 

169-fold compared to baseline at 30 ng/ml and 199-fold at 50 ng/ml. HeLa cells did not show 

statistically significant changes in CXCL10 expression. 

Extending the observation to 48 hours, all cell lines exhibited changes in CXCL10 expression 

compared to the untreated groups (Figure 4.B). In MedB-1 cells, CXCL10 expression increased 

1245-fold at 30 ng/ml and 1072-fold at 50 ng/ml. Karpas 1106p cells showed 109-fold increase 

in CXCL10 expression at 30 ng/ml and 123-fold at 50 ng/ml. In HeLa cells CXCL10 expression 

increased 15-fold at 30 ng/ml and 26-fold at 50 ng/ml. 
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Figure 4. Changes in CXCL10 expression across cell lines A) 24 hours and B) 48 hours post-treatment 
with 30 ng/ml (purple) and 50 ng/ml (green) of IFN-γ. Asterisk (*) marks the statistically significant 
results determined by independent variable t-test (p < 0,05). 

  

A) 

B) 
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4.3.2. The analysis of PDL1 expression in model cell lines MedB-1, 

Karpas1106p and HeLa after IFN-γ treatment 

In the first 24 hours after IFN-γ treatment, PDL1 expression in MedB-1 cells did not change 

(Figure 5.A). Karpas 1106p cells exhibited a 1.6-fold increase in PDL1 expression at 30 ng/ml 

and a 1.8-fold at 50 ng/ml. HeLa cells showed significant changes with a 17-fold increase from 

baseline at 30 ng/ml and a 21-fold increase at 50 ng/ml. 

Observations at 48 hours post-treatment (Figure 5.B) revealed that MedB-1 cells had a 

significant 8-fold increase in PDL1 expression at 30 ng/ml and a 5-fold increase at 50 ng/ml. 

Karpas 1106p cells exhibited a 2-fold increase at 30 ng/ml. HeLa cells maintained PDL1 

expression levels recorded at a 24-hour time point at both concentrations. 
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Figure 5. Changes in PDL1 expression across cell lines A) 24 hours and B) 48 hours post-treatment 

with 30 ng/ml (purple) and 50 ng/ml (green) of IFN-γ. Asterisk (*) marks the statistically significant 

results determined by independent variable t-test (p < 0,05). 

  

A) 

B) 
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4.4. Comparison of gene expression between the lymphoid and epithelial cell 

lines following TNF-α treatment 

4.4.1. Comparison of REL expression between the lymphoid and epithelial cell 

lines following TNF-α treatment 

At 24 hours post-treatment, MedB-1 cells exhibit a significant reduction in REL expression 

from a baseline HFC of 33, with a notable decrease at the lowest concentration of 5 ng/ml 

(Figure 6.A). This suppression is lessened at higher concentrations, indicating an initial strong 

response that partially recovers over time. Conversely, Karpas 1106p cells start with a lower 

baseline expression (5-fold HFC) and show a moderate and somewhat variable reduction in 

REL expression levels, with no clear dose-dependency observed 24 hours after TNF-α 

exposure. 

Extending the observation to 48 hours, MedB-1 cells display a pronounced dose-dependent 

increase in REL expression, with fold changes rising significantly with higher cytokine 

concentration (Figure 6.B). In Karpas 1106p cells, the expression of REL after 48 hours after 

treatment increases compared to the 24-hour time point, however the fold changes are smaller 

and less sensitive to the dosage compared to MedB-1. The data show that there is a change in 

REL expression over time in response to TNF-α in both cell lines. MedB-1 cells show more 

varied changes in expression at different time points and concentrations, while Karpas 1106p 

cells have a more stable and consistent expression pattern, both initially and at a later time point.  
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4.4.2. Comparison of CXCL10 expression between the lymphoid and epithelial 

cell lines following TNF-α treatment 

At 24 hours post-treatment with TNF-α, the HFC data for CXCL10 expression in MedB-1 cells 

showed a sharp decrease from baseline level of 1295 HFC (Figure 7.A). This marked reduction 

continued in a dose-dependent manner, with the highest expression noted at the concentration 

of 5 ng/ml (317-fold HFC) and the lowest expression at 50 ng/ml (47-fold HFC). In the Karpas 

1106p cell line, the baseline level of CXCL10 expression was around 17.5-fold HFC, and the 

expression decreased across the gradient of TNF-α concentrations. 

Figure 6. HeLa-normalized fold change in REL expression in lymphoid cell lines MedB-1 (grey) 

and Karpas 1106p (yellow) A) 24 hours and B) 48 hours post-treatment with increasing 

concentrations of TNF-α. Asterisk (*) marks the statistically significant results determined by 

independent variable t-test (p < 0,05). 

A) 

B) 
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Progressing to the 48-hour time point (Figure 7.B), HeLa-normalized fold change of CXCL10 

expression in MedB-1 cells remained above 1000, with no clear pattern, although starting from 

a higher baseline compared to the 24-hour mark, with HFC of 3393. At concentrations of 10 

and 20 ng/ml, HFC even exceeded 4000. The expression in Karpas 1106p cells remained 

substantially lower than in MedB-1 cells, reaching its highest in untreated cells (HFC of 315) 

and lowest at 50 ng/ml (HFC of 100).  

 

Figure 7. HeLa-normalized fold change in CXCL10 expression in lymphoid cell lines MedB-1 (grey) 

and Karpas 1106p (yellow)  A) 24 hours and B) 48 hours post-treatment with increasing concentrations 

of TNF-α. Asterisk (*) marks the statistically significant results determined by independent variable t-

test (p < 0,05). 

A) 

 

B) 
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4.4.3. Comparison of PDL1 expression between the lymphoid and epithelial cell 

lines following TNF-α treatment 

At 24 hours post-treatment with TNF-α, the MedB-1 cell line exhibited a decrease in PDL1 

expression from baseline, with HFC values around 1000 for all doses (Figure 8.A). The Karpas 

1106p cell line also showed a decrease in expression from its baseline but maintained a 

relatively stable expression across the range of TNF-α concentrations. 

Progressing to 48 hours post-treatment (Figure 8.B), PDL1 expression in the MedB-1 cell line 

showed was lower at the lowest concentration of TNF-α but increased at higher concentrations, 

with the highest fold change observed at 10 ng/ml. The Karpas 1106p cell line displayed a 

similar pattern to the 24-hour mark with a decrease at 5 ng/ml and then a rise in expression at 

higher concentrations. Across both time points, MedB-1 and Karpas 1106p showed a decrease 

in expression at the lowest concentration of TNF-α, with a varying response at higher 

concentrations. 

  

Figure 8. HeLa-normalized fold change in PDL1 expression in lymphoid cell lines MedB-1 (grey) and 

Karpas 1106p (yellow) A) 24 hours and B) 48 hours post-treatment with increasing concentrations of 

TNF-α. Asterisk (*) marks the statistically significant results determined by independent variable t-test

(p < 0,05). 

A) 

B) 
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4.5. Comparison of gene expression between the lymphoid and epithelial cell 

lines following IFN-γ treatment 

4.5.1. Comparison of CXCL10 expression between the lymphoid and epithelial 

cell lines following IFN-γ treatment 

At 24 hours post-IFN-γ treatment, both cell lines exhibit an increase in CXCL10 expression 

compared to their respective baselines (Figure 9.A). The HFC for MedB-1 increases from 1295 

at baseline to 9005 and 9259 at 30 ng/ml and 50 ng/ml doses, respectively. Karpas 1106p cells 

also show an increase but to a lesser extent, with HFCs of 78 and 47 at the same IFN-γ 

concentrations. 

After 48 hours, the trend in CXCL10 expression continues to increase for the MedB-1 cell line, 

with HFCs reaching 275177 at 30 ng/ml and 141130 at 50 ng/ml (Figure 9.B). Karpas 1106p 

cells, display HFCs of 2228 and 1497 at 30 and 50 ng/ml, respectively. While these numbers 

represent a significant increase from the 24-hour mark, they are much lower than those observed 

in MedB-1 cells.  
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4.5.2. Comparison of PDL1 expression between the lymphoid and epithelial cell 

lines following IFN-γ treatment 

Analyzing the HeLa-Normalized Fold Change (HFC) for PDL1 expression after IFN-γ 

treatment reveals distinct patterns in MedB-1 and Karpas 1106p cell lines at 24 and 48 hours. 

At 24 hours post-treatment, MedB-1 cells start with a baseline HFC for PDL1 of 2391 and 

exhibit a decrease in expression with increasing concentrations of IFN-γ, reaching an HFC of 

432 at 50 ng/ml (Figure 10.A). In Karpas 1106p cells, the baseline HFC is much lower (491), 

and a similar decreasing trend is observed, with the expression dropping to an HFC of 42 at the 

highest IFN-γ concentration. 

Figure 9. HeLa-normalized fold change in CXCL10 expression in lymphoid cell lines MedB-1 (grey) 

and Karpas 1106p (yellow) A) 24 hours and B) 48 hours post-treatment with increasing 

concentrations of IFN-γ. Asterisk (*) marks the statistically significant results determined by 

independent variable t-test (p < 0,05). 

A) 

B) 
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After 48 hours, the HFC in MedB-1 cells decreases from the untreated baseline but shows less 

reduction at higher IFN-γ concentrations compared to the 24-hour mark, suggesting a 

stabilizing or adaptive response over time (Figure 10.B). The HFC at 30 ng/ml is 830, which 

then decreases to 413 at 50 ng/ml. Karpas 1106p cells follow a similar pattern; the HFC 

decreases from 1394 in untreated cells to 176 at 30 ng/ml and then to 114 at 50 ng/ml IFN-γ.  

 

Figure 10. HeLa-normalized fold change in PDL1 expression in lymphoid cell lines MedB-1 (grey) and 

Karpas 1106p (yellow) A) 24 hours and B) 48 hours post-treatment with increasing concentrations of 

IFN-γ. Asterisk (*) marks the statistically significant results determined by independent variable t-test

(p < 0,05). 

A) 

B) 
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5. Discussion 

5.1. REL expression  

In this study, cell line MedB-1 showed lower REL expression after TNF-α tretament during 24 

h with all tested concentrations. This suggests that TNF-α might initially trigger pathways to 

reduce cREL levels, balancing cellular stress or apoptosis signals. In contrast, after 48 hours, 

REL expression had greatly increased, indicating a delayed adaptive response. 

Karpas 1106p cells displayed a much more stable and muted response to TNF-α. There were 

no changes in REL expression at any concentration or time point, indicating a relatively 

consistent REL expression profile that appears less sensitive to TNF-α. The stability observed 

may be attributed to innate differences in the biological processes regulating NF-κB signaling 

in these cells. Feuerhake et al. (2005) had showed that constitutive activity of this signaling 

pathway is essential for Karpas 1106 cell survival. It is therefore possible that Karpas 1106p 

cells have developed mechanisms to protect themselves against variations in TNF-α, keeping 

the expression of REL within a certain range to guarantee the stability and longevity of the cells.  

Similarly, HeLa cells showed a relatively stable pattern of REL expression in response to TNF-

α, with only minor fluctuations. At 24 hours, there was no change in REL expression at any 

concentration. By 48 hours, there was only one statistically significant increase at the lowest 

concentration, suggesting a minimal sensitivity to TNF-α. The general stability and resistance 

to large fluctuations suggest that HeLa cells may have a regulatory mechanism that keeps REL 

expression levels constant, independent of the dosage of TNF-α. 

Varying REL expression patterns in response to TNF-α treatment among cell lines might have 

important implications for cancer treatments (Kober-Hasslacher & Schmidt-Supprian, 2019). 

Since cREL regulates genes involved in cell growth and survival, understanding how its 

expression changes with cytokine signaling might reveal how tumors avoid immune detection 

and resist cell death (Steidl & Gascoyne, 2011). This evidence suggests the potential to 

specifically target the NF-κB pathway in distinct types of cancer based on their unique response 

patterns. This might lead to improved treatment outcomes and fewer side effects. It is important 

to examine the larger context of NF-κB signaling in immune modulation and cancer formation 

when analyzing these findings. The relationship between TNF-α and cREL involves typical NF-

κB activation pathways and non-canonical pathways, as well as communication with other 

cellular signaling networks (Steidl & Gascoyne, 2011). The findings of this study reveal that 

the involvement of the NF-κB signaling cascade in cancer is more complex due to the observed 
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dose- and time-dependent dynamics. Further research into the molecular processes governing 

cREL and NF-κB signaling during TNF-α therapy is necessary to identify potential therapeutic 

targets as well as strategies for cancer treatment. 

5.2. CXCL10 and PDL1 expression following TNF-α treatment 

Among the cell lines studied, only HeLa cells showed a statistically significant increase in 

CXCL10 expression following TNF-α treatment. At 24 hours, HeLa cells exhibited an increase 

in CXCL10 expression at 5, 10, and 20 ng/ml of TNF-α, indicating a strong and immediate 

positive response. These results are consistent with previous research by Hardaker et al. (2004), 

who found that CXCL10 expression can be induced through NF-κB signaling pathway by TNF-

α. MedB-1 cells showed no change in CXCL10 expression at all TNF-α concentrations at 24 or 

48 hours. Likewise, Karpas 1106p cells exhibited no changes in CXCL10 expression across all 

concentrations and time points, indicating a stable response to TNF-α. This stability, along with 

unchanged CXCL10 exoression, implies that Karpas 1106p cells have mechanisms to tightly 

regulate CXCL10 expression, keeping its levels balanced to avoid excessive inflammation. 

TNF-α exposure to MedB-1 cells displayed no statistically significant changes in PDL1 

expression 24 hours post-treatment. However, after 48 hours, the cells displayed a dose-

dependent increase in PDL1 expression from 10 to 50 ng/ml. Karpas 1106p cells showed a 

significant reduction in PDL1 expression at a 20 ng/ml dose of TNF- α. At 48 hours, the cells 

showed consistent results, with no changes in PDL1 expression. A significant increase in PDL1 

expression in HeLa cells 24 hours post-treatment was observed at 5 and 50 ng/ml of TNF-α. By 

48 hours, no significant changes in PDL1 expression were observed. Different studies have 

already demonstrated TNF-α's ability to upregulate PDL1 in some malignant tumors (Li et al., 

2020; Wang et al., 2017; Hartley et al., 2017).  Additionally, some studies have shown that 

targeting key signaling pathways can have significant therapeutic effects. For example, 

amorfrutin A has been shown to block JAK/STAT3 signaling and STAT3 activity in HeLa cells, 

thereby downregulating genes linked to cell survival and proliferation as well as displaying 

anti-tumor effects in a HeLa xenograft model (Mi et al., 2017). This implies that similar targeted 

approaches could be investigated for the purpose of modulating PDL1 and other immune 

checkpoints in therapy for different malignant tumors. 

5.3. Impact of IFN-γ on gene expression 

In MedB-1 cells 24 hours post-treatment, CXCL10 expression had increased 264-fold at 30 

ng/ml and 525-fold at 50 ng/ml. Expression of CXCL10 in Karpas 1106p cells increased 169-
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fold at 30 ng/ml and 199-fold at 50 ng/ml. HeLa cells did not show statistically significant 

changes in CXCL10 expression. This substantial increase suggests a pronounced responsiveness 

of lymphoma cells to IFN-γ. At 48 hours, all cell lines show significant increase in CXCL10 

expression. In MedB-1 cells, it had increased 1245-fold at 30 ng/ml and 1072-fold at 50 ng/ml. 

Karpas 1106p cells showed 109-fold increase in expression at 30 ng/ml and 123-fold at 50 

ng/ml. In HeLa cells, CXCL10 expression increased 15-fold at 30 ng/ml and 26-fold at 50 ng/ml. 

CXCL10 upregulation in Karpas 1106p cells, although less than that in MedB-1, along with the 

significant yet lesser changes in HeLa cells, shows the variability in IFN-γ signaling pathways 

among different cell lines and different tumor types. Gene expression patterns after IFN-γ 

therapy indicate significant JAK/STAT pathway activation, promoting antiviral defenses and 

anti-proliferative effects in tumors. This is consistent with previous reports where CXCL10 was 

shown to attract CXCR3+ CD8+ T cells and induce their cytotoxic activity via granzyme B 

production, thereby enhancing anti-tumor responses (Barreira da Silva et al., 2015; Lees et al., 

2019). Particularly after 48 hours, the CXCL10 increase points to continuous activation and 

might therefore improve the effectiveness of immune checkpoint blocking treatments.  

Similarly, the upregulation of PDL1 in response to IFN-γ treatment across the studied cell lines 

brings attention to the delicate balance that must be achieved in anti-tumor immunity. 24 hours 

after IFN-γ treatment, PDL1 expression in MedB-1 cells did not change. Karpas 1106p cells 

exhibited slight but statistically significant increases, with a 1.6-fold rise at 30 ng/ml and a 1.8-

fold increase at 50 ng/ml. HeLa cells showed significant changes with a 17-fold increase at 30 

ng/ml and a 21-fold increase at 50 ng/ml. 48 hours post-treatment, PDL1 expression in MedB-

1 cells had a significant 8-fold increase at 30 ng/ml and 5-fold at 50 ng/ml. Karpas 1106p cells 

exhibited a 2-fold increase at 30 ng/ml, and HeLa cells maintained almost exactly the same 

PDL1 expression levels recorded at a 24-hour time point at both concentrations. While the 

increase of PDL1 may appear contradictory in an anti-tumor setting, considering its 

participation in immune checkpoint pathways, it is critical to consider this within the context 

of the cancer-immunity cycle. Elevated production of PDL1 in response to IFN-γ has been 

demonstrated in various cancer types, including pancreatic, gastric, and colorectal cancer, as 

well as myeloid leukemia (Imai et al., 2019; Mimura et al., 2018; Zhao et al., 2020; Bellucci et 

al., 2015). However, the enhanced PDL1 expression also offers a possible target for checkpoint 

inhibitor treatments, like nivolumab and brentuximab vedotin, which showed long-term 

efficacy in CheckMate 436 study (Katsuya et al., 2023; Zinzani et al., 2019; Zinzani et al., 

2023). This illustrates the dual function of IFN-γ: it may both boost anti-tumor immunity and 
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enable immune escape, therefore stressing the complexity of the role it plays in the immune 

response to cancer. 

5.4. Comparison between cell lines 

HFC values for all genes in all treatment conditions were positive, meaning that baseline 

expression levels of REL, PDL1 and CXCL10 are higher in PMBCL-derived cell lines than in 

epithelial cell line HeLa, which was expected given PMBCL's dependence on constitutive 

activity of NF-κB and JAK-STAT pathways (Steidl & Gascoyne, 2011). The somewhat similar 

baseline expression levels of MedB-1 and Karpas 1106p cells for REL point to a basic role for 

cREL in preserving basic cellular activities linked to growth and survival in both lymphoma 

cell lines. Greater REL expression in MedB-1, however, may be a marker of a stronger 

dependence on NF-κB signaling, which may help to explain the more aggressive character of 

PMBCL relative to other lymphoma subtypes. 

Known for its function in immune checkpoint pathways, the PDL1 gene shows quite distinct 

baseline expression in MedB-1 and Karpas 1106p cell lines. Normalizing the FC values versus 

HeLa cells reveals that MedB-1 cells express PDL1 at about 2000 times the baseline level, 

while Karpas 1106p cells show HFCs in a range of 500 to 1500. Natural genetic or epigenetic 

variations across these cell lines could explain this disparity and might affect the stability of 

PDL1 mRNA or the transcriptional machinery.  

When comparing CXCL10 expression, MedB-1 and Karpas 1106p cells show more noticeable 

differences. MedB-1 cells have an HFC of 1300 to 3300, far greater than that of Karpas 1106p 

cells, which was from 17 to 315. The higher baseline levels in MedB-1 cells point to a more 

inflammatory condition, which might help to recruit immune cells that could promote tumor 

development and survival by means of either an immunosuppressive environment or 

angiogenesis. There are many elements which might explain the variations in baseline gene 

expression among these cell lines. Likely factors include genetic variances including variations 

in gene amplification or chromosomal changes. For example, the amplification of genes like 

REL and PDL1 in PMBCL might naturally raise their expression as shown in MedB-1 cells. 

Epigenetic changes like histone modifications and methylation state can also influence gene 

expression without changing the DNA sequence. Moreover, variations in the TME – including 

those in cytokine and chemokine levels – may affect gene expression via paracrine or autocrine 

signaling pathways (Yi et al, 2021). 
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5.5. Limitations and considerations 

While this study offers valuable insights into how TNF-α and IFN-γ influence gene expression 

in cancer cell lines, there are several important limitations to consider. Primarily, my research 

was carried out in vitro, which, although providing valuable insights, cannot completely mimic 

the intricate and varied conditions seen in the TME within a living organism. The interactions 

occurring within the TME, which involve the presence of different immune cells, extracellular 

matrix components, and other stromal factors, have a substantial impact on the behavior of 

cancer cells and their reaction to cytokines (Dranoff, 2004). Another important factor to 

consider is the utilization of cell lines as models. Cell lines, while valuable for researching 

malignant cell biology, may not completely represent the genetic and epigenetic diversity 

observed in actual patient malignancies (Dai et al., 2015). Cancers display substantial 

variability, which has a profound impact on treatment outcomes. To address this discrepancy, 

future investigations should incorporate in vivo experiments utilizing animal models or clinical 

trials to verify these findings and assess the therapeutic efficacy and safety of targeting these 

cytokine pathways in a more practical environment. Moreover, our focus was limited to TNF-

α and IFN-γ, but the cytokine network in the TME is far more complex (Munn & Bronte, 2016; 

Yi et al., 2021). A multitude of cytokines, growth factors, and signaling molecules engage in a 

complex and interconnected network of interactions. Examining the interaction among TNF-α, 

IFN-γ, and other cytokines may uncover synergistic or antagonistic relationships that could be 

utilized for improving treatment methods, as some studies have already shown (Hardaker et al., 

2004; English et al., 2007). By doing a more extensive investigation, we could obtain a more 

thorough knowledge of the regulatory networks that control tumor biology. 
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6. Conclusion 

 Baseline expression of REL, CXCL10, and PDL1 is higher in PMBCL-derived cell lines 

than in human cervical carcinoma-derived cell line HeLa. 

 48 hours after TNF-α treatment, REL and PDL1 expression had significantly increased 

in MedB-1 cells in a dose-dependent manner at 10, 20, and 50 ng/ml. 

 HeLa cells showed statistically significant increase in CXCL10 expression 24 hours 

after treatment with 5, 10, and 20 ng/ml TNF-α.  

 MedB-1 and Karpas 1106p cells showed no statistically significant changes in CXCL10 

expression after tretament with TNF-α. 

 IFN-γ treatment increased CXCL10 expression in all cell lines studied. 

 After IFN-γ treatment, PDL1 expression increased in all cell lines studied, with HeLa 

cells showing more pronounced and stable response than PMBCL-derived cell lines. 
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