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1. Introduction

Lymphoma is a group of cancers affecting the 
lymphatic system, involving cells of the immune system. 
Lymphoma initiates when healthy B cells, T cells, 
or natural killer (NK) cells in the lymphatic system 
undergo alterations and uncontrolled growth, leading to 
the formation of tumours. It is comprised of two main 
subtypes: NHL and HL [1]. NHL is a lymphoproliferative 
disorder, with the majority originating from B cells, 
while the remainder arises from T lymphocytes or NK 
cells [2]. Approximately 90% of all lymphomas are 
NHL, with the remaining 10% classified as HL [3]. HL 
is a rare form of cancer characterized by the presence 

of rare Hodgkin and Reed-Sternberg cells (HRS) that 
originate from a subtype of B cells and are typically 
found in the bone marrow and peripheral blood [4, 5]. 
Several studies have indicated that lymphoma patients, 
particularly those with poor outcomes, exhibit elevated 
serum levels of carbohydrate antigen 125 (CA-125), a 
commonly used tumour biomarker, although it is more 
commonly associated with ovarian cancer [6, 7]. 

DUB genes, including OTU domain-containing 
ubiquitin aldehyde binding protein OTUB1, OTUB2, 
and OTUD7B (Cezanne), play pivotal roles in regulating 
the expression of various signal transduction pathways, 
such as NF-κB [8-10], by removing specific types 
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of polyubiquitin chains from substrate proteins. This 
activity leads to the induction of various cellular 
biological processes. Recent research has demonstrated 
the involvement of OTUB1 and OTUB2 in modulating 
the development of solid cancers, including breast, 
liver, and lung cancers [9, 11, 12]. Mice lacking OTUB1 
exhibit abnormal responses in CD8 T cells and NK cells 
[13]. Cezanne inactivation has been associated with 
disease progression and poor prognosis in hepatocellular 
carcinoma [14]. Despite the well-established effects of 
DUBs on the activation of solid cancer cells, their impact 
on the biological activation of lymphoma cells remains 
largely unexplored. 

Similar to DUBs, SH2 domain-containing protein 
tyrosine phosphatases (SHPs) are crucial for a wide range 
of cellular processes in response to external stimuli. Two 
protein tyrosine phosphatases (PTPs), SHP-1 and SHP-2, 
are recognised as negative regulators of the inflammatory 
response, acting via NF-κB and STAT signalling pathways 
[15]. Mice lacking SHP-1 display myelin deficiency due 
to increased inflammatory mediators [16]. In leukaemia 
and lymphoma, SHP-1 expression is often inactivated as 
a result of DNA methylation of its promoter region [17]. 
Conversely, SHP-2 levels are elevated in leukaemia and 
diffuse large B-cell lymphoma [18, 19]. In the context 
of solid cancers, SHP-2 serves as a negative regulator of 
interferon production, diminishing cytotoxic effects in 
fibroblast cells [20].

This study aims to investigate the mRNA expressions 
of DUBs, SHPs, and the inflammatory response in 
Vietnamese lymphoma patients. 

2. Materials and methods 

2.1. Patients and control subjects 

Peripheral blood samples were collected from 
76 untreated patients diagnosed with two types of 
lymphomas: 50 NHL and 26 HL, at the National 
Hospital of Haematology and Blood Transfusion and the 
103 Military Hospital in Hanoi, Vietnam. The control 
group consisted of 50 healthy subjects. None of the 
individuals in the control group were on medication or 
had a known acute or chronic disease. All patients and 
volunteers provided written consent to participate in 
the study. Personal care and experimental procedures 

were conducted in accordance with Vietnamese laws 
governing human welfare and were approved by the 
Ethical Committee of the Institute of Genome Research, 
Vietnam Academy of Science and Technology. All 
experimental protocols involving human subjects adhered 
to the Helsinki Declaration of 1975, as revised in 2008.

2.2. RNA extraction and real-time RT-PCR 

Total mRNA was isolated using the Qiashredder 
and RNeasy Mini Kit from Qiagen, following the 
manufacturer’s instructions. For first-strand cDNA 
synthesis, 1 µg of total RNA in 12.5 µl of DEPC-treated 
H2O was mixed with 1 µl of oligo-dT primer (500 µg/ml, 
Invitrogen) and heated for 2 min at 70°C. Quantitative 
real-time PCR using the LightCycler System (Roche 
Diagnostics) was employed to determine transcript levels 
of SHP-1 and SHP-2, using the following primers (Table 1).

Table 1. List of primers used for RT-PCR.

Genes Direction Primer sequence

GAPDH Forward 5’-GGAGCGAGATCCCTCCAAA-3’

GAPDH Reverse 5’-GGCTGTTGTCATACTTCTCAT-3’

OTUD7B Forward 5’-ACAATGTCCGATTGGCCAGT-3’

OTUD7B Reverse 5’-ACAGTGGGATCCACTTCACATTC-3’

OTUB-1 Forward 5’-ACAGAAGATCAAGGACCTCCA-3’

OTUB-1 Reverse 5’-CAACTCCTTGCTGTCATCCA-3’

OTUB-2 Forward 5’-CTCACGTCGGCCTTCATCA-3’

OTUB-2 Reverse 5’-GCCATGGGCTCTACTTCGT-3’

SHP-1 Forward 5’-GCCCAGTTCATTGAAACCAC-3’

SHP-1 Reverse 5’-GAGGGAACCCTTGCTCTTCT-3’

SHP-2 Forward 5’GAGAGCAATGACGGCAAGTCT-3’

SHP-2 Reverse 5’-CCTCCACCAACGTCGTATTTC-3’

PCR reactions were conducted in a final volume of 
20 µl, comprising 2 µl of cDNA, 2.4 µl of MgCl2 (3 
µM), 1 µl of primer mix (0.5 µM of both primers), 2 µl 
of cDNA Master SybrGreen I mix (Roche Molecular 
Biochemicals), and 12.6 µl of DEPC-treated water. 
Amplification of the target DNA involved 40 cycles of 
95ºC for 10 s, 62ºC for 10 s, and 72ºC for 16 s, each 
with a temperature transition rate of 20ºC/s, a secondary 
target temperature of 50ºC, and a step size of 0.5ºC. 
Subsequently, melting curve analysis was conducted at 
95ºC for 0 s, 60ºC for 10 s, and 95ºC for 0 s to ascertain 
the melting temperature of primer dimers and specific 
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PCR products. The ratio between the respective gene and 
corresponding GAPDH was calculated for each sample 
using the 2-∆CT method.

2.3. Cytokine quantification 

Serum samples were isolated from the blood samples 
of NHL and HL patients as well as healthy subjects, 
and these samples were stored at -20˚C until utilised 
for ELISA. IL-6 and CA-125 concentrations were 
determined using ELISA kits from Thermo Scientific, 
following the manufacturer’s protocol.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 
version 20 (IBM, USA). Differences between the control 
and patient groups were assessed for significance using a 
non-parametric Mann-Whitney U test. All statistical tests 
were two-sided, and the level of significance was set at 
p<0.05.

3. Results and discussion

3.1. Analysis of DUB gene expression in lymphoma 
patients

In terms of DUB gene expression, our findings revealed 
that the mRNA level of OTUB1 was significantly lower 
in NHL patients compared to the control group, while no 
significant difference was observed in HL patients (Fig. 
1A). In contrast, the expression of OTUB2 remained 
unchanged in both NHL and HL groups (Fig. 1B). 
Importantly, we noted suppressed expression of Cezanne 
in both NHL and HL groups, with a notably more 
significant decrease in HL compared to NHL patients. 

The downregulation of Cezanne in both NHL and 
HL groups and of OTUB1 in NHL patients represents a 
novel discovery in this study. These findings suggest a 
pivotal role for OTUB1 and Cezanne in influencing the 
development of lymphoma cells. Previous studies have 
primarily associated the effects of OTUB1, OTUB2, and 
Cezanne with the regulation of cellular processes in solid 
cancers [9, 11, 12, 14]. 

3.2. Expression level of SHP genes in lymphoma 
patients

To evaluate the activation of the SHP signalling 
pathway, we observed that mRNA expression of SHP-
1 was significantly reduced in the NHL group, while 
it remained unaltered in the HL group compared to 
healthy individuals (Fig. 2A). Intriguingly, the level of 
SHP-1 was markedly lower in NHL compared to HL 
patients. This aligns with previous reports of reduced 
SHP-1 expression in various cancers [17, 21], where 
SHP-1 deficiency leads to impaired apoptosis and 
diminished treatment response [22]. In contrast, gene 
expression of SHP-2 was elevated in NHL patients 
but exhibited no significant change in HL patients 
(Fig. 2B). Overexpression of SHP-2 has also been 
detected in patients with leukaemia [19]. Consequently, 
the distinct roles of SHP-1 and SHP-2 in different cancer 
cell types, with their opposing effects, warrant further 
investigation into the molecular mechanisms governing 
the function of NHL cells.

Fig. 1. Box plot analysis of OTUB1 (A), OTUB2 (B), and Cezanne (C) gene expression in NHL (blue bar), HL (grey bars) 
patients, and the control group (white bar). *(p<0.05) and **(p<0.01) indicate a significant difference between control and 
patient groups and #(p<0.05) indicates a significant difference between NHL and HL groups (Mann-Whitney U test). 
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3.3. Serum IL-6 level in lymphoma patients

A recent study [23] has demonstrated the involvement 
of SHP molecules in the regulation of cytokine IL-6 
in cancer cells, with higher levels of IL-6 reported in 
lymphoma patients [24]. The activation of SHP-1 has 
also been associated with IL-6 release in prostate cancer 
cells [23]. Similarly, our findings indicate a significant 
increase in serum IL-6 concentration in both NHL and 
HL patient groups (Fig. 3). 

3.4. Serum CA125 level in lymphoma patients

The secretion of IL-6 has been linked to an elevated 
level of CA125 by cancer cells [25]. Consequently, we 

examined the serum CA125 levels in NHL, HL, and control 
groups using ELISA. The results revealed a significant 
increase in serum CA125 concentration in both NHL and 
HL groups, with a notably higher level in HL compared 
to NHL patients (Fig. 4). CA125 has previously been 
identified as a marker associated with the development 
and pathogenesis of lymphoma and ovarian cancer [6, 7]. 
In this study, we additionally observed that the frequency 
of lymphoma patients with CA125 levels exceeding the 
clinical cutoff of 35 UI/ml was higher in HL (48.14%) 
than in NHL (32%) patients. Notably, patients with CA125 
levels ≥35 UI/ml tend to have lower survival rates than 

Fig. 2. Box plot analysis of SHP-1 (A) and SHP-2 (B) gene expression in NHL (blue bar), HL (grey bars) patients, and the 
control group (white bar). *(p<0.05) indicates a significant difference between control and patient groups and #(p<0.01) indicates 
a significant difference between NHL and HL groups (Mann-Whitney U test).

Fig. 3. Box plot analysis of IL-6 serum level in NHL (grey bar), HL (blue bar), and the control group (white bar). ***(p<0.001) 
indicates a significant difference between control and patient groups (Mann-Whitney U test).
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those with normal CA125 levels before any treatment [6]. 
These findings suggest a potential relationship between 
the level of CA125 and the modulatory activation of SHP 
pathways in lymphoma cells.

Additionally, we investigated the potential association 
between the expressions of DUB and SHP genes and the 
inflammatory response in lymphoma patients. However, 
no significant associations were observed. 

4. Conclusions

Our results have revealed significant differences in the 
expressions of DUB and SHP genes and the inflammatory 
response in lymphoma patients. Specifically, the 
expressions of SHP, OTUB1, and Cezanne genes 
appear to be sensitive to the activation of NHL cells. 
Furthermore, the altered expressions of Cezanne, IL-6, 
and CA125 concentrations are dependent on the specific 
cell types of lymphoma. This study provides valuable 
insights and warrants further investigation into the roles 
of DUBs and tyrosine phosphatases in regulating the 
functional activation of lymphoma cells.
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