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ABSTRACT : Background: Non-Hodgkin Lymphoma (NHL) is a type of cancer that generally develops in 

the lymph nodes and lymphatic tissue found in organs such as the stomach, intestines or skin , and in 

some cases involves bone marrow and blood. Cytokines are a broad and loose category of 

small secreted proteins and   important in cell signaling.  They are produced by a wide range of cells, 

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

as endothelial cells, fibroblasts, and various stromal cells. Interleukins (ILs) are a group of cytokines  that 

are expressed and secreted by white blood cells (leukocytes) as well as some other body cells. They have 

complex immunomodulatory functions  including cell proliferation, maturation, migration and adhesion. 

These cytokines also play an important role in immune cell differentiation and activation. Aim: This 

study aimed at evaluating the correlation of the  interleukins ( IL-6 – IL-8 – TNF –IL-12 A and IL-12B) 

gene expression levels in peripheral blood with  chemotheraputic impact in NHL patients . The most 

common chemotherapy used for NHL is  CHOP, which is a combination regimen of four drugs 

(Cyclophosphamide, Hydroxydaunorubicin also called doxorubicin, Oncovin  also called vincristine, and 

Prednisolone) . Methods: Twenty adult males and females individuals were recruited and used. for this 

study from the Center of Excellence for Cancer Research (CECR); Tanta University (Tanta, Egypt) were  

classified  into four equal groups (5 individuals  each)  as follows: Group I: Healthy control volunteers 

Group II: NHL patients before chemotherapy; Group III: NHL patients after 4 cycles chemotherapy; 

and Group IV: NHL patients after 6 cycles chemotherapy . The most common chemotherapy used for 

NHL is  CHOP which is the acronym for a cancer chemotherapeutic drug combination used in the 

treatment of NHL . It is composed of four drugs (Cyclophosphamide, Hydroxydaunorubicin  also called 

doxorubicin, Oncovin  also called vincristine, and Prednisolone).  NHL  patients before chemotherapy, 

after 4 cycles and after 6 cycles chemotherapy as well as4 subjects, including 3 lymphoma patients ( one 

patient before ,one after  cycles treatment and one after 6 cycles) and 1 healthy controls were enrolled in 

this study. WBCs  were isolated from patients before  , after 4 cycles chemotherapy  and  after 6 cycles 

chemotherapy. Gene expression of ( IL-6 – IL-8 – TNF –12 A and IL-12B ) were analyzed by Gene Array 

Technology. Results: Overall, we found that , the gene expression of IL-6 , IL-8 and TNF showed 

significant increases in patients before chemotherapy  , patient  after 4 cycles   and  patients after 6 cycles 

chemotherapy than healthy  control, however IL-12 gene expression in NHL patients showed no 

significance difference as compared to healthy controls. We also did not find significant difference in the 

gene expression of IL-12 in patients before chemotherapy and after both 4 cycles and 6 cycles 

chemotherapies. Conclusion: The present findings conclude that NHL lymphoma  increased the 

expression of IL-6 , IL-8 and TNF  and that chemotherapy alters the  expression level of IL-6 and IL-8 

but not TNF. These studies form a foundation to understand the possible roles of  any IL-6 ,IL-8, TNF , 

IL-12A , IL-12B in NHL lymphoma. 

KEYWORDS: Cancer, Lymphoma, Non-Hodgkin Lymphoma, NHL, Chemotherapy,IL-6 ,IL-8, TNF , IL-

12A , IL-12B 
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I. INTRODUCTION  

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of malignancies that generally develops in the 

lymph nodes and lymphatic tissue found in organs such as the stomach, intestines or skin . In some cases, NHL 

involves bone marrow and blood. The majority of the adults NHLs are of B cell in origin while T-cell NHLs are 

much less common ( Jayakrishnan,et al.2008; Perry, et al 2008). Cytokines are soluble proteins that  play a key role 

in all phases of inflammation and regulating immune responses. They play a vital role in activation and 

differentiation of  immune cells and involved in the pathogenesis of many diseases including cancers (Kantola et 

al., 2012 ,Vainer et al., 2018). IL-6 appears to be one component of a consistent cancer-associated cytokine network 

resulting in both a systemic immune stimulation and a microenvironment of cancer-induced immune suppression 

that ultimately protects the cancer cells Interleukin-6 (IL-6) gene encodes a cytokine that association with cancers 

(Li et al. 2012). Interleukins (ILs) are a group of cytokines  that are expressed and secreted by white blood cells 

(leukocytes) as well as some other body cells. They have complex immunomodulatory functions  including cell 

proliferation, maturation, migration and adhesion. These cytokines also play an important role in immune cell 

differentiation and activation (Brocker et al. 2010). Both IL‑6 and IL‑8 are inflammatory chemokines that have 

been demonstrated to serve an important role in the tumorigenesis of a variety of malignancies, including ovarian 

cancer (Fu & Lin, 2018). IL‑6 and IL‑8 are involved in tumor cell apoptosis and invasion, tumor growth and 

metastasis (Jayatilaka et al., 2017, Yung et al., 2018 ). IL-8 is a chemokine that mainly targets neutrophils to 

migrate to the site of infection. It is not only involved in the inflammatory response, but also may act as an 

important regulatory factor within the tumor microenvironment (Waugh & Wilson, 2008). IL-12 is produced by 

antigen-presenting cells, such as dendritic cells and macrophages, and is crucial for the recruitment and effector 

functions of CD8 + T and NK cells (Zundler & Neurath, 2015). Therefore, IL-12 is a major contributor to effective 

antitumor immune responses (Tugues et al., 2015).  

2. SUBJECTS AND METHODS 

Subjects 

Twenty adults males and females individuals including 5 healthy volunteers  plus  15 NHL patients that were 

recruited and used  for this study from the Center of Excellence for Cancer Research (CECR); Tanta University 

(Tanta, Egypt).. These individuals  were  classified  into four equal groups (5 individuals  each)  as follows: Group 

I: healthy control volunteers (2 females and 3 males with mean age of 48.4 ± 6.27 years) ; Group II: NHL patients 

before chemotherapy (3 females and 2 males with mean age of 50.50 ± 9.50  years) ; Group III: patients after 4 

cycles chemotherapy  (one female and 4 males with mean age of 60.67 ± 4.65 years); Group IV: patients after 6 

cycles chemotherapy  (3 females and 2 males with  mean age of  48.60 ± 5.46 years).  

 

Chemotherapeutic  protocol :  

The recruited NHL patients were exposed at an interval of three weeks  cycles (21 days each) to a dose of 

CHOP which is the acronym for a cancer chemotherapeutic drug combination used in the treatment of NHL 

(McKelvey et al. 1976) . It  is composed of: 

• Cyclophosphamide: It is an alkylating agent which damages  DNA by binding to it and causing the formation 

of cross-links. It was given as an intravenous infusion at a dose level of 750 mg/m
2
  over 30 min on the first day 

(D1) of treatment. 

• Hydroxydaunorubicin also called doxorubicin : . It is an intercalating  agent which damages DNA by 

inserting itself between DNA bases. It was given as a single intravenous infusion   dose 

Of 50 mg/m2 over 5-10 min on (D1) of treatment. 

• Oncovin  also called vincristine which prevents cells from duplicating by binding toto the protein tubulin . It 

was given intravenously as a sigle dose of 2 mg on D1 of treatment .                                                                                                          

 • Prednisolone: It is a synthetic corticosteroid used to treat a wide range of inflammatory and autoimmune 

disorders including rheumatic, respiratory, allergic, endocrine, collagen, hematologic, gastrointestinal, and 

ophthalmic disorders. It was given orally at a dose level of 60 mg/m
2
  for  5 consecutive days (D1–D5) of 

treatment. 

 

Samples collection and WBCs  isolation :  

Peripheral blood samples (2 ml) were collected into EDTA containing vials. The anti-coagulated blood was 

diluted   with an equal volume of phosphate buffer saline (PBS) and the diluted blood was slowly layered over the 

Ficoll - Hypaque solution and then centrifugation was applied for 40 min at 400×g, 22 °C. The WBCs cells were 

suspended in PBS. After centrifugation (100×g for 10 min at 20 °C), the  leukocyte cells were suspended in PBS 

and stored at −80 °C for RNA extraction.                                                                                                                                    

RNA Extraction  

Immediately after sampling, RNA samples used for the microarrays experiments  and RT – qPCR were 

purified with the RNeasy Kit (Qiagen, Valencia, CA, USA) according to the manufacturer protocol. RNA quality 

and concentration were determined by using the Nano Drop spectrophotometer (Nano 

https://en.wikipedia.org/wiki/Alkylating_antineoplastic_agent
https://en.wikipedia.org/wiki/Hydroxydaunorubicin
https://en.wikipedia.org/wiki/Oncovin
https://en.wikipedia.org/wiki/Tubulin
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Technologies).(Chomczynski & Sacchi, 2006). The RNA 6000 Nano Lab Chip Series II Assay used to assess the 

RNA Integrity. On a Bio Analyzer Agilent 2100This assay generated an RNA integrity number (RIN) for each 

sample based on the ratio of 28S:18S ribosomal RNA (Schroeder et al., 2006). The  samples with (RIN values >8) 

were used for microarray analysis in the study.                                                                                                                                                                                             

 

Microarray analysis 

Transcreptome  analysis was performed using total RNA from each sample. RNA was reverse transcribed 

using the WT PLUS Reagent Kit (Affymetrix, Santa Clara, CA) according to the manufacturer protocol. Synthesis 

of biotinylated complementary RNA was performed using a Gene Chip
®
 IVT Labeling kit (Affymetrix) for in vitro 

transcription.                                               

After fragmentation, 10 μg of complementary RNA was hybridized at 45˚C for 16 h on a Gene- Chip
®
 Human 

Genome U133 Plus 2.0 Array
®
 (Affymetrix). Gene Chips were washed and stained in a Gene Chip

®
Fluidics Station 

450 ( Affymetrix ). Fluorescence intensities for chips were examined on a Gene Chip Scanner 3000 7G ( 

Affymetrix ) . Expression Console software (Affymetrix) was used to normalize data and generate probeset 

intensity values. and Transcriptome Analysis  Console ( TAC ) software (Affymetrix) was used to statistically 

analyze data . A Benjamini–Hochberg multiple testing correction adjusted p-value to smaller than 0.05, in addition 

a two fold change were used to select genes differentially expressed (Benjamini & Hochberg,1995).        .                                                                                                                                                                                                                                                                                                

Statistical analysis 

The differences between groups were analyzed by ANOVA . The p values ≤ 0.05 were considered statistically 

significant. For normally distributed quantitative variables, to compare between more than two groups, and ( 

Bonferroni) for pairwise comparisons.                                                                                                                      

Chip Statistical analysis: 

Affymetrix Gene Chip operating software (GCOS) (Affymetrix) used to acquire Raw data to yield CEL files. 

The  Affymetrix Expression Console  ( 1.3 .1)(Affymetrix) used to process and analyze the data   and gene level 

differential analysis workflow of Transcriptome Analysis Console(TAC) 3.0(Affymetrix). The back-ground 

subtraction, normalization, and log base 2 transformtion of gene signals were conducted using the robust multi-

array average algorithm (Gautier et al., 2004).One-way ANOVA (p-value <0.05 ) were used to compare between 

the study groups to determine  the differentially expressed genes A Benjamini–Hochberg multiple testing correction 

adjusted p-value to smaller than 0.05, in addition a fold change >2 were used to select genes differentially 

expressed (Benjamini, 2014).                                                                                   

 

Transcriptomic  analysis of selected gene  
The result of Transcriptome of the three genes IL-6, IL-8 and TNF in all studied groups, it was found that IL -

6, IL-8 and TNF  genes in lymphoma patient showed significance increase in expression level as compared to 

healthy controls ( fold change 70.30 ,fold change  27746.15 and fold change  16.71)  ( Table 1,2, 3)( figure1A ). 

But there was no significance change IL-12 A and IL-12 B in patient before chemotherapy when compare with 

healthy control ( Fold change  1.59 and fold change -1.01 )( figure 1 A).                                                                                              

Impact of chemotherapy on expression of TLR genes. 

In patient after 4 cycles  chemotherapy  ( CHOP ), there was significance  decrease  in expression level of IL-6 

gene in patients after 4 cycles and 6 cycles chemotherapy   as compared to  patient before chemotherapy.  when we 

compared the fold change of patient after 6 cycles chemotherapy  vs. before chemotherapy  found that 

chemotherapy decrease the expression of IL-6 ( Fold change = -45.07). However,  this gene in patient after 4 cycles 

chemotherapy had no change in their expression than 6 cycles is similar( Table1.)( figure 1 B ,1 C) .                                                      

IL-8 expression level in patient after 4 cycles show no significance difference as compared to patient before 

chemotherapy (  Fold change = -1.00 ). IL-8 expression level in patient after 6 cycles show significance  decreased 

as compared to patient before chemotherapy ( Fold change =  -3.27).  However it still more than healthy control ( 

Table 2).                                                        TNF expression level in patient after 4 cycles show significance 

decrease  as compared to patient before chemotherapy ( Fold change = - 6.296). TNF  expression level in patient 

after 6 cycles show significance increase as compared to patient before chemotherapy  ( Fold change =  3.25) 

(Table 3 ).                                                                                                                                    

IL-12A and IL-12B expression level in patient after 4 cycles show  no significance change   as compared to 

patient before chemotherapy ( Fold change = 1.13  and Fold change  1.23 ).  

 

IL-12A and IL-12B   expression level in patient after 6 cycles show no significance change  as compared to 

patient before chemotherapy  ( Fold change =  -1.04 and  Fold change = 1.19) We identified that IL-6 and IL-8 

genes  is down regulated and TNF gene  is up regulated in patients   after chemotherapy when compare to  patients 

before chemotherapy as shown in ( Figure 2 )                   
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Figure (1): heat map  of DEGs among lymphoma patients (  

before chemotherapy, after 4 cycles chemotherapy and after 6 cycles chemotherapy) and healthy control. DEGs 

among lymphoma and control groups in  (A) healthy control vs. before chemotherapy (B) before chemotherapy  vs. 

after 4 cycles  chemotherapy (C) After 6 cycles vs Before chemotherapy (D) after 4 cycles chemotherapy vs. after 6 

cycles chemotherapy. DEG, differentially expressed gene 
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Figure (2 ) : Chemotherapeutic effect of  (CHOP) protocol on selected genes expression ( IL-6, IL-8 and TNF) 

in NHL patients using Microarray 

 

 
 

Figure (3 ) : Differentially expressed genes in patient s before chemotherapy vs patient after 6 cycles 

chemotherapy. up regulated gene (TNF) and Down regulated genes (IL-6 and IL-8) 

 

Table1: Chemotherapeutic effect of Cyclophosphamide, Doxorubicin, Vincristine and 

Prednisolone(CHOP) protocol every 

 21 days For 4 cycles (84 days) or 6 cycles(126 days) on IL-6 expression of Non-Hodgkin Lymphoma 

(NHL) patients. 

Groups IL- 6 

(Microa

rray) 

 Fold change 

as compared with 

healthy control 

Fold change as 

compared with patients 

before chemotherapy 

Fold change as 

compared with 

patients after 4 cycles 

of chemotherapy 

1
st 

Healthy control 4.46    

2
nd 

Lymphoma 

Patients before 

chemotherapy 

10.59 70.30 

 

  

3
rd 

Lymphoma 

Patients after 4 cycles 

chemotherapy 

5.68 2.33 

 

-30.16 

 

 

4
th 

Lymphoma 

Patients after 6 cycles 

chemotherapy 

5.10 1.55 

 

-45.07 

 

-1.49 
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Table 2: Chemotherapeutic effect of Cyclophosphamide, Doxorubicin, Vincristine and Prednisolone(CHOP) 

protocol every 

 21 days For 4 cycles (84 days) or 6 cycles(126 days) on IL-8 of Non-Hodgkin Lymphoma (NHL) patients. 

Groups IL- 8 

 (Microarray) 
Fold  change 

as compared with 

healthy control 

Fold  change as 

compared with patients 

before chemotherapy 

Fold change as 

compared with 

patients after 4 cycles 

of chemotherapy 

1
st 

Healthy control 4.68    

2
nd 

Lymphoma Patients 

before chemotherapy 

19.44 27746.15 

 

  

3
rd 

Lymphoma Patients 

after 4 cycles 

chemotherapy 

19.44 27820.29 

 

1.00 

 

 

4
th 

Lymphoma Patients 

after 6 cycles 

chemotherapy 

17.72 8472.07 

 

-3.27 

 

-3.28 
 

 

Table 3: Chemotherapeutic effect of Cyclophosphamide, Doxorubicin, Vincristine and Prednisolone(CHOP) 

protocol every 

 21 days For 4 cycles (84 days) or 6 cycles(126 days) on TNF of Non-Hodgkin Lymphoma (NHL) patients. 

Groups TNF 

 

(Microarray) 

Fold change 

as compared with 

healthy control 

Fold change as 

compared with patients 

before chemotherapy 

Fold change as 

compared with 

patients after 4 cycles 

of chemotherapy 

1
st 

Healthy control 5.07    

2
nd 

Lymphoma 

Patients before 

chemotherapy 

9.14 16.71 

 

  

3
rd 

Lymphoma 

Patients after 4 cycles 

chemotherapy 

6.48 2.65 

 

-6.29 

 

 

4
th 

Lymphoma 

Patients after 6 cycles 

chemotherapy 

    10.84 54.44 

 

3.25 
+
 

20.50 

 

 

Table 4: Chemotherapeutic effect of Cyclophosphamide, Doxorubicin, Vincristine and Prednisolone(CHOP) 

protocol every 

 21 days For 4 cycles (84 days) or 6 cycles(126 days) on IL – 12A  of Non-Hodgkin Lymphoma (NHL) 

patients. 

 

Groups IL – 12A 

 

(Microarray) 

Fold change 

as compared with 

healthy control 

Fold change as 

compared with patients 

before chemotherapy 

Fold change as 

compared with 

patients after 4 cycles 

of chemotherapy 

1
st 

Healthy control 4.50    

2
nd 

Lymphoma Patients 

before chemotherapy 

5.17 1.59 
 

  

3
rd 

Lymphoma Patients 

after 4 cycles 

chemotherapy 

5.36 1.81 
 

1.13 
 

 

4
th 

Lymphoma Patients 

after 6 cycles 

chemotherapy 

    4.33 1.52 
 

-1.04 
 

-1.18 
 

 

 

Table 5: Chemotherapeutic effect of Cyclophosphamide, Doxorubicin, Vincristine and Prednisolone(CHOP) 

protocol every 
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 21 days For 4 cycles (84 days) or 6 cycles(126 days) on IL – 12B  of Non-Hodgkin Lymphoma (NHL) 

patients. 

Groups IL- 12 B 

(Microarra

y) 

Fold change 

as compared with 

healthy control 

Fold change as 

compared with patients 

before chemotherapy 

Fold change as 

compared with 

patients after 4 cycles 

of chemotherapy 

1
st 

Healthy control 3.76    

2
nd 

Lymphoma Patients 

before chemotherapy 

3.73 -1.01 
 

  

3
rd 

Lymphoma Patients 

after 4 cycles 

chemotherapy 

4.03 1.21 
 

1.23 
 

 

4
th 

Lymphoma Patients 

after 6 cycles 

chemotherapy 

     3.98 1.17 
 

1.19 
 

-1.03 
 

 

Discussion 
 

Cytokine may be act as biomarker in disease such as cancer . They are used in diagnosis and classifications 

between stages of disease. Some examples of cytokines are interleukin- 6  and a tumor necrosis factor-alpha 

(Abdollahi et al., 2012),(Abdollahi et al., 2012). It is outstanding that some chemotherapies reduced the   levels of 

inflammatory cytokines (Böhm et al., 2016).                                                                    

IL- 6 is secreted by monocytes and macrophages after stimulation of TLR ligands (Garbers et al., 2018). IL-6 

has important role in hematological malignancies such as NHL (Burger, 2013) . A significantly high level of IL-6 

observed in our study is in accordance with many reports in other cancers including colorectal cancer (Waldner et 

al., 2012) and prostate cancer [(Culig & Puhr, 2012)]. This suggests a strong link between IL-6 and cancer.  

Chemotherapy can induce IL-6 expression in tumor and stromal cells [(C.-T. Wu et al., 2013), 41] via the activation 

of NF-KB signaling, leading to therapeutic resistance (Wolf et al., 2014).                                                                     

 In this study IL- 6 expression level increase in lymphoma patient ( before chemotherapy) than healthy control 

similar to this studies  (Johdi et al., 2020).But  IL-6 levels decreased significantly in patients ( after 4 cycles  and 

after 6  cycles chemotherapy ) than patients (before  chemotherapy) similar to this study(Pedersen et al., 2005) and                           

different to this study (Anber et al., 2019)   which found insignificant difference compered to pretreatment TNF 

directly facilitates tumor development by regulating the proliferation and survival of neoplastic cells.                                                                    

 

In addition, it indirectly facilitates tumor development via endothelial cells and inflammatory cells present in 

the tumor microenvironment (Y. Wu & Zhou, 2010)& Zhou, 2010). TNF-α can be used as a powerful biomarker 

and prognostic factor in  (NHL)  (Houldsworth et al., 2008).  In patients with non-Hodgkin lymphoma higher 

plasma TNF levels are associated with poorer disease outcomes(Nakayama et al., 2018). In our study there is an 

increase in expression level of TNF in patient before chemotherapy compare to control similar to this study 

(Makgoeng et al., 2018) but different to this study (Johdi et al., 2020) .TNF in patient after treatment (after 6 cycle ) 

show significant  increase in compare to pre treatment and control different to this study (Anber et al., 2019).                                                                                                      

The expression of IL-8 in cancer cells is induced by multiple stimul such as, inflammatory signals (IL-1, TNF-α. 

(Brat et al., 2005). It is involved in cell proliferation, invasion, and metastasis of many  cancers (Burz et al., 2021) 

(Ha et al., 2017). Furthermore, the overexpression of IL-8 is reported to be correlated with poor prognosis of 

several solid tumors such as GC[(Liu et al., 2018) and  breast cancer (Bakouny & Choueiri, 2020). In our study we 

found increased in expression level of IL-8  in lymphoma patient ( before chemotherapy) than healthy control 

similar to this studies that found increase the expression of IL-8 in gastric cancer (Lin et al., 2022).                                                      

After chemo-radiotherapy , the patients with high expression level of IL-8 were significantly higher risk of a 

local relapse (León et al., 2021) . In our  study we found significant decrease in IL-8 expression level after 4 cycle 

and 6 cycle chemotherapy compere to before chemotherapy but still increased than healthy control                            

Furthermore, IL-12 is capable of activating cytotoxic immune cells (Arau et al., 2017), thus making it a useful 

substance for the induction of immune response against cancer (de Rham et al., 2007)].                                                                                                  

IL-12 is not only an important immunomodulating cytokine but also a strong mediator of cancer development. 

It exerts proinflammatory functions by activating cytotoxic immune cells [(Balasubbramanian et al., 2019)], thus 

making it an important cytokine in the antitumor response of the immune system (Lu, 2017) .                                                                                                                            
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