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Background: Many genes are involved in Non-Hodgkin lymphoma (NHL)-associated 
translocations regulate the cell cycle, apoptosis, and lymphocyte development. NHL 
commonly occurs along with molecular genetic abnormalities. Certain molecular 
genetic abnormalities in NHL are related to specific lymphoma subtypes, which are 
associated with prognosis or potential therapeutic targets. Aim: This study aimed to 
screen for the potential expression of key genes in metabolic pathways in lymphoma 
patients (NHL) in early diagnosed cases and its clinical relevance. Materials and 
Methods: The relative expression of RNA profiling in 6 early diagnosed NHL patients 
and 3 healthy control volunteers were determined by using Affymetrix® HTA 2.0 
array technology. Results: The total number of screened genes was 67528 
around 44,699 coding genes in humans and 22,829 non-coding genes for evidence 
which has shown fundamental significance in normal development, differentiation, 
regulation of growth and in human diseases such as cancer. Only 6395 genes were 
differentially expressed between NHL patients and control. From these genes, 451 
genes are up-regulated, and 655 genes were down-regulated. Compared to the 
control group; NHL patients displayed a significant 1.2 fold increase in the expression 
of mitochondrial biogenesis genes (POLMRT, TFAM) and ATPAse gene (ATP5D). 
Whereas a significant decrease was observed in the expression of NADH 
dehydrogenase genes (NDUFS1, NDUFV2, NDUFA1, NSDYFAB1) and mitochondrial 
biogenesis genes (TFB2M, UCP2, SLC25A) by 1.5 fold. Additionally, cytochrome 
oxidase genes (COX5A and COX6A1) exhibited a significant 1.3 fold decrease. This 
expression alteration is associated with cytogenetic abnormalities and may lead to 
hematological malignancies. Conclusion: This study explored the importance of 
certain mitochondrial related genes which can be used as biomarkers for diagnosis 
and/or prognosis of the disease. 
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INTRODUCTION 

Non-Hodgkin lymphoma (NHL) is cancer that 
develops from cells called lymphocytes in the 
lymphatic system which are a type of white 
blood cell that helps the body fight infections 
(Bommannan et al. 2017).  For several areas of 
the body, NHL may grow including the lymph 
nodes, bone marrow, spleen, thymus, and 
digestive tract. Otto Warburg showed that 
tumor ascites had a high rate of glucose 
consumption and produced lactate, despite 
sufficient oxygen to completely oxidize glucose 
(Warburg 1956) ((Liberti and Locasale 2016). 

This phenomenon has been referred to as the 
Warburg effect or aerobic glycolysis and is 
considered a distinctive feature of aggressive 
tumours. This effect was originally suggested as 
a result of permanent oxidative metabolism 
impairment (Warburg 1956). The function of 
mitochondria in tumor cells was controversial 
because of many tumor cell lines with high 
proliferative levels no defects in their oxidative 
metabolism (Reda et al. 2019). The role of 
mitochondria in the carcinogenesis process, 
mainly oxidative phosphorylation, mostly 
concerns their involvement in the development 
of free radicals and ATP and the apoptosis 
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process (Grzybowska-Szatkowska et al. 2014). 
Few studies have addressed that the lymphoma 
and mitochondria relationship which leads to 
aggressiveness and currency. A key intracellular 
process that generates ATP to power the cell is 
oxidative phosphorylation (OXPHOS). This is the 
last step in cellular respiration by which 
cofactors, such as NADH and FADH2, created 
the Electron Transport Chain (ETC) to generate 
H+ gradient that drives ATP synthase to convert 
ADP to ATP (Wu, Akhtari, and Alachkar 2018). 
The ETC consists of four complexes and an ATP 
synthase and is located on the mitochondrial 
inner membrane. Human mtDNA is present in 
hundreds to thousands of copies per cell in most 
tissues and encodes thirteen protein subunits in 
the inner mitochondrial membrane of four of 
the five large oxidative phosphorylation 
(OXPHOS) complexes (Ju et al. 2014). Because of 
the central function of mitochondria in 
apoptosis, metabolic control and ROS 
development in tumor cells, identifying the 
effects of Electron transmission chain genes in 
NHL patients may enhance our ability to 
effectively use these genes in the clinic 
(Jaramillo et al. 2012). Unfortunately, the 
expression levels of factors controlling the 
metabolic pathways in early diagnosed 
lymphoma patients are not clear. Exploring the 
contribution of these factors at the gene levels 
will lead to better design of new strategies not 
only for diagnosis/prognosis but also for 
targeted therapy. We aimed to Screen for the 
expression of key genes in metabolic pathways 
in lymphoma patients early diagnosed NHL 
patients as compared to normal lymphocytes 
from control persons.  
 

MATERIALS AND METHODS 
Patients 

This study was conducted among a population 
of NHL Egyptian patients who were recruited 
before (n = 10; 4 males and 6 females) with a 
mean age of 60 ± 15.72. Healthy volunteers 
were also recruited (n = 6; 3 males and 3 
females) with a mean age of 35.3 ± 6.3. Patients 
were recruited from Tanta Cancer Center, 
Tanta, Egypt, from October 2015 till October 
2016. The research study was approved by the 
Ethical Committee, Faculty of Medicine, Tanta 
University, Egypt, before the commencement of 
the study. 

Collection of sample 

5 ml of whole venous peripheral blood were 
collected from newly diagnosed patients. 
Samples were put in 
ethylenediaminetetraacetic acid (EDTA) tubes. 
The anticoagulated blood was diluted with an 
equal volume of 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 mononuclear cells were 
suspended in PBS. After centrifugation (100×g 
for 10min at 20°C), the leukocytes were 
suspended in PBS and stored at −80°C for RNA 
extraction. 

Diagnosis of Non-Hodgkin lymphoma  

Bone marrow aspiration (BMA) is the conclusive 
tool for the diagnosis of lymphoma. Table 1 
shows the mean level of blast cell in patients 
group was 32.03 %. As regard BMA mean level 
was 71% in the patient group.  

 

 
Table 1. Descriptive analysis of early diagnosed cases according to different parameters (Bone 
Marrow) and tumor marker for diagnosis of NHL. 

  Range Median Mean±SD 

Early diagnosed Peripheral BLAST (%) day 0 0.0-84.0 37.20±32.03 32.50 

 BMA (%) day 0 67.90±20.08 30.0-94.0 71.0 

 CD3 CD23 CD20 CD45 

Control Positive Positive Positive Positive 

Early diagnosed Negative Negative Positive Negative 
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Microarray gene expression profiling 
The whole-genome cDNA-mediated annealing, 
selection and ligation (WG-DASL) was 
performed using 200 ng RNA. Gene expression 
data was available for all patients. Samples were 
analyzed with HGU133+2.0 Affymetrix Gene 
Chip arrays (Affymetrix). The chips were 
scanned with an Affymetrix Gene Chip Scanner 
3000 and subsequent images were analyzed 
using Gene Chip R- Operating Software (GCOS) 
1.4. Raw feature normalization and quality 
check were handled using Bioconductor 
software (affy, affy Q.C Report, GCRMA) 
(DuBois, Iltis, and Walsh 2019). Data from 
microarray experiments are representing 
positive or negative level of expression, relative 
to some control state, of 1000's of genes for 
early diagnosed conditions. A short software 
program is sufficient to translate these data 
directly into a binary representation suitable as 
input vectors for the metabolic network. 

Statistical analysis 

 A two-sample t-test was used for the analysis of 
comparing control with early diagnosed 
patients. A volcano plot was drawn using the 
negative log of the p-value of differentially 
expressed genes between two groups and log of 
the fold difference for comparison of gene 
expressions. Rather than using a fold-change 
cut-off value to identify differentially expressed 
genes, we used the fold difference and false-
discovery rate of the p-value (Q value). The 
clinical data was collected along with the study 
and analyzed for each patient; clinical 
parameters were calculated as the mean ± SD.  

The differences between groups were analyzed 
by the Student’s t-test. The p values ≤ 0.05 were 
considered statistically significant. Linear 
Correlation coefficient was used for the 
detection of correlation between two 
quantitative variables. The differences between 
groups were analyzed by Mann Whitney test. 

RESULTS 
Alteration in Gene expression of NHL patients 
and relative expression in Electron transport 

chain genes using signal histogram (RMA-
DABG) 

Signal histogram is a histogram of signal 
intensity from microarray hybridization. Each 
value corresponding to each spot is the average 
of 4 data sets produced by two hybridizations. 
Robust Multi-array Average (RMA) is 
background correction, normalization and 
computation of probe-set level expression. 
DABG: a detection metric generated by 
comparing 'Perfect Match' probes to the 
distribution of background probes. The total 
number of genes 67528 genes around 44,699 
coding genes in humans and 22,829 non-coding 
genes. From these genes, there were 6359 
genes differentially expressed when compared 
lymphoma patients with healthy control. In 
addition, 451 genes are up-regulated and 655 
genes were down-regulated (Figure 1A) as 
representative of heat map of an Affymetrix 
gene chip and this is the nuclear genome that is 
associated with cytogenetic abnormalities in 
lymphoma and its altered expression may lead 
to NHL lymphoma by causing a deleterious 
effect on normal immune function in different 
clusters of genes. We Focused on Electron 
Transport Chain genes (Figure 2) which include 
20 genes which are altered in the chain that 
differentially changed in the expression. 

In this study, we found that mitochondrial genes 
(TFAM, POLMRT, UCP2 ATP5D, ATP5E, SDHA) 
are the most consistently upregulated genes in 
lymphoma patients as compared with healthy 
control and found that NADH dehydrogenases 
genes (NDUFS1 and NSDYFAB) and cytochrome 
oxidase genes (COX5, COX6A1) are most 
consistently downregulated genes in the same 
patients (Figure 1B). 

Fold change of NADH dehydrogenase and 
ATPase gene expression in lymphoma 

Figure 2 shows  NADH dehydrogenases genes, in 
which the role of each gene (Table 2), the mean 
of NDUFS1 was represented in early diagnosed 
group 4.4, but in the control group was 6.6  so it 
was downregulated by 1.5 fold change (P-value 
= 0.008).   
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Figure 1A. Representative of Hierarchical clustering of an Affymetrix GeneChip HTA 2.0 array, showing Total RNA microarray 
gene expression in the peripheral blood of lymphoma patients and healthy control volunteers. B) Representative Signal 
Histogram (- RMA-DABG –) of the relative expression of Total RNA for Lymphoma patients in different conditions 
 
The mean of NDUFV2 found in the early 
diagnosed group was 6, and in the control group 
was 6.6 with significant differences so it was 
downregulated by 1 fold change (P-value = 
0.03). The mean of NDUFA1 found in early 
diagnosed group was 5.2 but in control was 6.9 
it was downregulated by 1.3 fold change (P-
value = 0.04). Moreover, the mean of NSDYFAB1 
in the early diagnosed group was 5.6, and in the 
control group was 8.3 with significant 
differences so it was downregulated by 1.5 fold 
change (P-value < 0.001). In ATPase, the mean 
of ATP5D in the early diagnosed group was 7.3 

but in the control group was 5.3 with significant 
differences (P-value = 0.014) it was upregulated 
by 1.3 fold change. However, ATP5E in the 
patient group early diagnostic group was 7.3 but 
in the control group was 4.5 so it was 
upregulated with 1.6 fold change (P-value = 
0.019). Transcription genes, the mean of SDHA 
in the early diagnosed group was 8.9 but in the 
control group was 5.5 with significant 
differences (P-value = 0.014) it was upregulated 
by 1.3 fold change.  



Expression of Electron Transport Chain genes in lymphoma..  
 

 

 

IJCBR Vol. 4(3): 177-186.  181 

However, MTIF2 and MITF3 in the early 
diagnosed group was 6.7 but in the control 
group was 5.3 it was upregulated with 1.3 fold 
change so no significant change in the genes 
(Figure 2). 

Fold change of mitochondrial genes expression 
in lymphoma 

The present study showed the mean of 
cytochrome c oxidase genes (COX6A1) in early 
diagnosed patients group was 11.6 but in the 
control group was 8.1 with significant 
differences (P-value = 0.026) so it was 
downregulated by 1.4 fold change. Moreover, 
the mean of COX5A in the early diagnosed group 
was 9.4 but in control was 7.4 so it was 
downregulated by 1.2 fold change. SURF1 was 
in early diagnosed group 2.2 but in the control 
group was 4.1 with significant differences (P-
value=0.002) so it was downregulated by 1.8 
fold change. Interestingly, in mitochondria 
biogenesis genes, the mean of  POLMRT in the 
early diagnosed group was 6.4 but in control 
was 3.8 so it was upregulated by 1.6 fold change 
with significant differences (P-value = 0.05). the 
mean of  TFAM in the early diagnosed group was 
9.4 but in control was 4 so it was upregulated by 
2  fold change with significant differences (P-
value < 0.001). The mean of TFAM in the early 
diagnosed group was 9.4 but in control was 4 so 
it was upregulated by 2 fold change with 
significant differences (P-value<0.001). 
moreover, the mean of  UCP2 in the early 
diagnosed group was 6.6 but in control was 4 so 
it was upregulated by 1.5 fold change with 
significant differences (P-value<0.001) (Figure 
3). 

Correlation between leukocytes and metabolic 
genes  

In Table 2, many cases of early diagnosed of NHL 
patients, the mean of white blood cells (WBCs) 
count in control was 7.1 but in the early 
diagnosed group was 8.4. There is significant 
change p < 0.001 in SDHA compared to control, 
In NDUFS1 the significance was P value = 0.09. 
Moreover, the correlation between COX6A1 
and WBCs was significant P-value = 0.05. The 
percentage of neutrophils in the early 
diagnosed group was 76.6 but in control was 50, 
there was a correlation between COX6A and 
ATP5D with neutrophils P-value < 0.001.  

 
Figure 2. Fold change of  NADH dehydrogenase and ATPase 
genes expression relative to the control: A) Expressed  
NADH dehydrogenase genes B) Expressed ATPase genes C) 
Expressed transcription genes. data was expressed in 
mean ±SE and was compared using t-test, Sig.*: 
Statistically significant at p ˂ 0.05. 

In lymphocytes percentage, it was 10.7 in the 
early diagnosed group but it was 36.5 in control 
so SDHA was significant correlation P-value = 
0.07. Table 1 shows actual values for each 
parameter in control and early diagnosed 
patients. 

Correlation between hematological 
parameters and metabolic genes  

The mean of hemoglobin was 14 in the early 
diagnosed group but 11 in control so the 
significance of hemoglobin (HB) concentration 
as shown in supplementary Table 1. There was 
a correlation in COX6A and ATP5D compared to 
control p<0.001. There was no change in RBCs 
in the early diagnosed group as compared with 
control as shown in supplementary Table 1. The 
mean of platelet was 204 but in control was 263 
as shown in supplementary Table 1 so there was 
a correlation in NDUFS1 and COX6A1 as shown 
in Table 3 of platelet count in NHL patients in 
early diagnosed which was p = 0.001 compared 
to control. 
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Table 2. Correlation between genes of metabolic and leukocytes in the early diagnosed group compared 
to control. The differences between groups were analyzed by Mann Whitney test. 

 
WBC: white blood cells , NEUT: Neutrophil, LYMPH: Lymphocyte, MONO: Monocytes, EO: Eosinophil, 
BASO: Basophil.,  rs: Spearman coefficient,  *: Statistically significant at p ˂ 0.05  

 
Table 3. Correlation between genes of metabolic and hematological indices in the early diagnosed group compared to control 

 
RBC: Red blood cells, HGB: Hemoglobin, HCT: Hematocrite, PLT: Platelets, MPV: Mean Platelet Volume, MCV: 
Mean Corpuscular Volume, MCH: Mean corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin 
Concentration, RDW-CV: Red Cell Distribution Width, PDW: Platelet Distribution Width,  rs: Spearman 
coefficient,  *: Statistically significant at p ˂ 0.05. 
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Table 4. Correlation between genes of metabolic and biochemical parameters in early diagnosed compared to control 

 
GOT:  Glutamic oxaloacetic transaminase,  GPT: Glutamate pyruvic transaminase,  LDH: Lactate dehydrogenase, 
rs: Spearman coefficient, *: Statistically significant at p ˂ 0.05                 

 

 
Figure 3. Fold change of  mitochondrial gene  expression 
relative to control A) Expressed  mitochondrial biogenesis 
genes B) Expressed  mitochondrial ribosomal genes C) 
Expressed  cytochrome C oxidase genes. Expressed  data in 
mean ± SE and was compared using t test (ANOVA), Sig.*: 
Statistically significant at p < 0.05. 

Correlation between biochemical parameters 
and metabolic genes  

The mean in urea was 26.7 ± 8.3 in the early 
diagnosed group and 29.3 ± 4.7 in control in 
COX6A 1 (Figure 1). The ATP5D was shown a 
significant correlation in Urea p<0.001* in the 
early diagnosed group. The mean of GOT and 
GPT were 39.3 ± 3.2 And 28(10–31) respectively 
in the early diagnosed group as shown in 
supplementary Figure 1 but 8.5 ± 1.4 and 7(5-8) 
In control showing a significant correlation in 
NDUFS1, COX6A and ATP5D in the early 
diagnosed group as compared to control group 
(Table 4). The most significant correlations were 
in COX6A and ATP5D p<0.001 in the early 
diagnosed group. The mean of LDH was 390 
(325-391) and in control was 180(140-280) 
(Figure 1), there was a significant correlation in 
ATP5D and COX6A compared to control p-
value=0.001 (Table 4). 

DISCUSSION 

Microarray technology was widely used in the 
hope of generating a gene signature that will 
enable us to predict cancer (Patel and May 
2017). Since then, gene expression profiling 
techniques offer a unique mechanism for 
interrogating transcriptome-wide levels of gene 
expression and have proven value in defining 
gene expression signatures for clinically 
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important subsets of patients who would 
otherwise be undetected by conventional 
prognostication schemes (Nutt et al. 2003). In 
addition, microarray approaches have been 
very successful in identifying subsets of tumors 
that correlate with clinical parameters such as 
survival, histological grade, and response 
(Alizadeh et al. 2000). Although many of ETC 
genes signature have been identified, none of 
them has been applied to clinical practice due to 
inconsistencies in the way they were performed 
in various studies when considering treatment 
regimens, sample sizes, the patient population 
studied and definition of complete pathological 
response (Barshack et al. 2010). Gene 
expression is controlled on two levels. First, 
transcription is controlled by limiting the 
amount of mRNA that is produced from a 
particular gene. The second level of control is 
through post-transcriptional events that 
regulate the translation of mRNA into proteins. 
Even after a protein is made, post-translational 
modifications can affect its activity. 

The best describe of coding RNA family consists 
of around 44,699 genes in human and 22, 
829 non-coding genes for evidence which has 
shown fundamental significance in normal 
development, differentiation, regulation of 
growth and in human diseases such as cancer. 
These genes, therefore, influence numerous 
cancer-related processes such as proliferation, 
cell-cycle control, apoptosis, differentiation, 
migration and metabolism (Jansson and Lund 
2012). In this study, we determined the relative 
expression analysis of total RNA profiles in 6 
early diagnosed NHL patients. To understand 
the expression of key genes in metabolic 
pathways especially Electron Transport chain in 
early diagnosed patients in lymphoma as 
compared to normal lymphocytes from healthy 
control counterparts and its clinical significance, 
we used a microarray analytical method to 
combine their expression profiles. The electron 
transport chain is the ultimate in aerobic 
respiration and is the only part of the glucose 
metabolism that requires atmospheric oxygen 
(Manoj 2018).  

In recent studies, deficiency of Mitochondrial 
complex I demonstrates serve genetic variability 
and can be caused by a mutation in nuclear-
associated genes or genes associated with 

mitochondria. There are no clear genotype-
phenotype associations, and clinical or 
biochemical inference of underlying basis is 
difficult, if not impossible (Zhang et al. 2018). 
Interestingly, we found that Complex 1 such as 
NDUFS1, NDUV2, NDUFA1 and NSDYFAB are 
downregulated in gene expression by 1.5 fold in 
early diagnosed NHL patients compared with 
control. Succinate  dehydrogenase (SDH) is 
mitochondrial enzyme plays a significant role in 
both the Krebs cycle and the transport chain of 
electrons (Casey et al. 2017). In addition, Role of 
SDHA in normal aerobic respiration, SDH also 
has tumor-supressive effects. SDHA inactivation 
results in accumulation of succinate and causes 
stabilization of the hypoxia-inducible factor 
(HIF) leading to cell proliferation dysregulation 
(Burnichon et al. 2017). In our study, we found 
an elevation in the expression of SDHA by 1.6 
fold change in early diagnosed NHL patients as 
compared with control. Cytochrome c oxidase 
(COX) is the terminal enzyme of mitochondrial 
respiratory chain to drive ATP synthesis.  

We found that COX5A and COX6A1 are the most 
consistently downregulated genes in lymphoma 
patients as compared with healthy control in 
metabolic pathways. ATP5D and ATP5E encode 
subunit of mitochondrial ATP synthase. 

Mitochondrial ATP synthase catalyzes ATP 
synthesis using an electrochemical gradient of 
protons during oxidative phosphorylation 
across the inner membrane (Black et al. 2020). 
We found these genes are upregulated. Human 
mitochondrial transcription factor A (TFAM) has 
been implicated in promoting tumor growth 
and invasion. TFAM stimulates transcription of 
mitochondrial DNA (mtDNA) and regulates the 
expression of nuclear genes using retrograde 
mitochondrial signaling. In our study, we found 
that, compared to control, POLMRT and TFAM 
are the most significant upregulates genes in 
the early diagnosed patient group. In 
conclusion, investigating these genes 
contribution will contribute to a better design of 
new approaches, not just for the diagnosis.  
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