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Abstract: This study aimed to investigate the relationship and diagnostic potential between microsatellite instability (MSI) caused by a 9-bp GGGGGTAGA insertion/deletion in mitochondrial DNA (mtDNA) at position 8272 and clinical features in Chinese patients diagnosed with non-Hodgkin’s lymphoma. The 9-bp GGGGGTAGA insertion/deletion in the non-d-loop area of the mitochondrial DNA at the 8272 locus was detected by PCR in 139 non-Hodgkin’s lymphoma patient samples. GGGGGTAGA insertion/deletion was found in a total of 16 cases (11.5%), including nine T cell lymphoma and seven B cell lymphoma cases. The 5-year survival rate was 33.3% in patients with non-Hodgkin’s lymphoma and MSI, and was 26.7% in non-Hodgkin’s lymphoma patients lacking MSI. In B-cell lymphoma, the 5-year survival rate was 42.9% in patients harboring the 9-bp insertion/deletion, and was 36.8% in patients lacking MSI. In T-cell lymphoma, the 5-year survival rate was 55.6% in patients with the 9-bp insertion/deletion, and was 16.4% in patients lacking MSI (p < 0.05). The difference between 5-year survival rates was statistically significant only in T-cell lymphoma patients. In conclusion, the mtDNA GGGGGTAGA indel/variation at position 8272 can be used as an independent prognostic marker for T-cell lymphoma.
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1  Introduction

Lymphoma is a hematological malignancy. Lymphoma is divided into two categories which include Hodgkin’s lymphoma and non-Hodgkin’s lymphoma (NHL) [1]. NHL includes numerous subtypes. NHL develops from abnormal lymphocytes, and there are two main types of lymphocyte: B-cell lymphocytes and T-cell lymphocytes. B-cell lymphoma develops from abnormal B-cell lymphocytes, while T-cell lymphoma develops from abnormal T-cell lymphocytes. The prognosis of each subtype is different with several criteria that must be met during evaluation. At present, the most commonly used method for the prognosis of NHL is the international prognostic index (IPI score). IPI score has limitations and still cannot meet the clinical needs. Therefore, it is important to identify new prognostic indicators to potentially develop individualized treatment of NHL.

A microsatellite is a highly polymorphic, short tandem repeat nucleotide sequence that exists in prokaryotic and eukaryotic genomes [2]. Microsatellite instability (MSI) occurs when the repetitive unit changes in length due to insertions or deletions [3,4]. Most changes in length are between 1–6 bp. MSI is a form of genetic instability that includes nuclear and mitochondrial MSI. Recent investigations have shown that mitochondrial MSI (mtMSl) plays an important role in the occurrence and development of a variety of cancers [5–7]. Currently, the relationship between mtMSI and lymphoma has not been reported.

The purpose of this study was to investigate the relationship between MSI and clinical features and prognosis of NHL caused by a 9-bp insertion/deletion (also called indel/variation). Our results suggest that MSI could be a prognostic indicator for T-cell lymphoma.

2  Materials and Methods

2.1 Tissue Samples

The study was approved by the Human Tissue Research Committee of Fourth Hospital, Hebei Medical University. All patients provided written informed consent for the collection of samples and subsequent analyses. The case samples were collected from 139 NHL patients diagnosed by immunohistochemistry methods in the hematology department at Fourth Hospital, Hebei Medical University, between January 2005 and January 2010. T cell lymphoma patients accounted for 69 cases (49.6%) which included those diagnosed with ALK T-cells lymphoma, peripheral T-cells lymphoma (non-specified type), and T-lymphoblastoid cell lymphoma. B-cell lymphoma cases accounted for 70 patients (50.4%), including 28 cases of inert lymphoma such as small lymphocytic lymphoma, follicular lymphoma and marginal lymphoma, and 42 cases of invasive lymphomas such as diffuse large B-cell and mantle cell lymphoma, and B-lymphoblastoid cell lymphoma. Peripheral venous blood samples were taken from 98 healthy adults (control subjects) who visited Fourth Hospital medical examination center at Hebei Medical University.

2.2 PCR

DNA was extracted using the kit from Genemed (San Antonio, TX, USA), and was stored at −80°C. PCR was performed according to the protocol supplied with the PCR Master Mix Kit (Promega Corporation, Fitchburg, WI, USA). Primers were designed based on database (http://www.mitomap.org): forward 5’-ACCACTTTCACCGCTACACG-3’; reverse 5’-TTTAGTTGGGGCATTTCACTG-3’. PCR conditions were 94°C for 5 min, followed by 35 cycles of 40 s at 94°C, 40 s at 58°C, and 40 s at 72°C, and final elongation at 72°C for 5 min. PCR products were purified prior to sequencing. The sequencing results were compared to the 15.4 kb wild type non-D-Loop region nucleotide sequence located at locus 577–16023. This sequence is described on the human mitochondrial database (http://www.mitomap.org). Cycle sequencing was performed with the Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem, Foster City, CA), and the products were then separated on an ABIPRISM Genetic Analyzer 3100 (Applied Biosystem).

2.3 Statistical Analysis

SPSS 19.0 software was used for statistics calculations. A probability of p < 0.05 was considered to indicate statistically significance. The survival curve was calculated using the Kaplan–Meier method. Multivariate survival analysis was performed using the Cox proportional hazards model. The differences between the various groups were analyzed by chi square test and Fisher’s exact probability method.

3  Results

There were 139 patients with non-Hodgkin’s lymphoma in experimental group. Representative sequencing results of PCR products were shown in Fig. 1.
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Figure 1: Representative sequencing results of PCR products. A. Normal control. B. mtDNA8272GGGGGTAGAdeletion. C. mtDNA8272GGGGGTAGA insert

Among these patients, the GGGGGTAGA insertion/deletion occurred in 16 cases (11.5%). T cell lymphoma with GGGGGTAGA mitochondrial DNA (mtDNA) insertion/deletion at position 8272 accounted for nine cases, while B cell lymphoma with mtDNA GGGGGTAGA insertion/deletion at the same position accounted for seven cases. Among 98 control group, GGGGGTAGA deletion occurred in five cases (χ2 = 2.923, p = 0.087, Tab. 1).

Table 1: The presence of mtDNA8272 GGGGGTAGA in two groups
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The incidence of mtDNA GGGGGTAGA insertion/deletion at the 8272 locus was 13.0% in T cell lymphoma and 10% in B cell lymphoma samples (χ2 = 0.316, p = 0.574). There was no correlation between the 9-bp insertion/deletion of mtDNA at position 8272 and the typing of non-Hodgkin’s lymphoma. The incidence of GGGGGTAGA mtDNA insertion/deletion was 7.9% in invasive B-cell lymphoma and 12.5% in inert B-cell lymphoma. Chi-square test showed that the GGGGGTAGA insertion/deletion rate of mtDNA was different (χ2 = 0.409), but the difference was not statistically significant (p = 0.403).

The 5-year survival rate was 33.3% among the 139 non-Hodgkin’s lymphoma patients. MSI was identified in 123 cases (88.5%). The 5-year survival rate in those who presented with MSI was 26.7%, and the median survival was 20 months (95% CI = 15.5–24.7, Fig. 2). There was no significant difference between the two groups (p = 0.795).

[image: images]

Figure 2: The association of mtDNA 8272GGGGGTAGA insertion/deletion and prognosis of non-Hodgkin’s lymphoma

Among the 70 cases of B-cell lymphoma, seven cases were positive for MSI. The 5-year survival rate was 42.9% (95% CI = 10.3–61.6), and the median survival was 36 months. In the 63 cases negative for MSI, the 5-year survival rate was 36.8%, and the median survival was 24 months (95% CI = 12.0–35.9). The difference was not statistically significant between two groups (p = 0.672, Fig. 3).
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Figure 3: The association of mtDNA 8272GGGGGTAGA insertion/deletion and prognosis of B-cell lymphoma

The 9-bp insertion sequence was found at mtDNA position 8272 in nine of 69 patients with T-cell lymphoma. The 5-year survival rate was 55.6%, and the median survival was 18 months (95% CI = 10.9–25.0). In the 60 cases negative for MSI, the 5-year survival rate was 16.4%, and the median survival was 15 months (95% CI = 8.6–21.3). The difference was statistically significant (p = 0.046, Fig. 4).
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Figure 4: The association of mtDNA 8272GGGGGTAGA insertion/deletion and prognosis of T-cell lymphoma

There was no correlation between clinical characteristics of T cell lymphoma such as IPI score, plasma level of lactate dehydrogenase (LDH), hydroxybutyrate dehydrogenase (HBDH), stage, typing, β2 microglobulin and bone marrow infiltration and GGGGGTAGA mtDNA indel at the 8272 locus (Tab. 2).

Table 2: Association of mtDNA8272GGGGGTAGA insertion/deletion with clinical characteristics of T-cell lymphoma patients
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A multi-factor COX regression model analysis showed that the presence of the 9-bp insertion/deletion at mtDNA site 8272 and LDH value had significant impact on the survival rate over 5 years (p < 0.05, Tab. 3).

Table 3: Cox Multiple factor analysis of T-cell lymphoma patients
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4  Discussion

A microsatellite is a highly polymorphic nucleotide sequence with short, tandem repeats that is widely present in prokaryotic and eukaryotic genomes, and MSI was first detected in Lynch syndrome, or hereditary nonpolyposis colorectal cancer (HNPCC) [8] It is believed that the defect in the coding regions of mismatch repair (MMR) genes is an important molecular mechanism of MSI positive tumors [9]. To date, MSI is reported in many malignant tumors, such as gastric cancer, breast cancer, thyroid carcinoma, nasopharyngeal carcinoma and renal cell carcinoma [10–14].

mtMSI is a simple sequence repeat that occurs in the mtDNA. The prognosis of mtMSI and non-Hodgkin’s lymphoma is seldom reported [15]. In this study, we found no correlation between the 9-bp GGGGGTAGA mtDNA insertion/deletion and the 139 non-Hodgkin’s lymphoma patients who were tested for this sequence. The patients with the 9-bp GGGGGTAGA mtDNA insertion/deletion had better prognosis. Multi-variate analysis showed that the insertion/deletion of the 9-bp GGGGGTAGA mtDNA sequence was an independent prognostic factor of T-cell lymphoma.

The role of MSI in the development of lymphoma is uncertain, however, the function of the 9-bp GGGGGTAGA mtDNA insertion/deletion may be explained as below. The mitochondrial DNA is an important part of energy metabolism and oxidative phosphorylation. The 9-bp GGGGGTAGA sequence is located at position 8272 of mitochondrial DNA, which is upstream of the respiratory chain structure region. According to upstream and downstream primers, this region amplifies a 200-bp gene fragment specifically between cytochrome c oxidase II (COII) and mitochondrial TK2 thymidine kinase 2 (MTTK) [16]. The insertion or deletion of the 9-bp GGGGGTAGA mtDNA sequence may result in abnormal expression of upstream or downstream genes associated with structural components of the respiratory chain such as the ATP synthase 8 (MT-ATP8), the ATP synthase 6 (MT-ATP6), cytochrome c oxidase III (MT-CO3), and cytochrome b (MT-CYB) genes. Therefore, the insertion/deletion of the 9-bp GGGGGTAGA mtDNA affects the structure of the respiratory chain and reduces the level of oxidative phosphorylation and oxidative stress. Lymph nodes are glands with strong oxidative phosphorylation potential. It is speculated that the insertion/deletion of the 9-bp GGGGGTAGA mtDNA sequence can lead to the development of lymph node diseases.

In this study we found that MSI, IPI score, LDH, HBDH, stages, typing, β2 Globulin, and bone marrow infiltration could be independent prognostic factors of T-cell lymphoma. The clinical features associated with IPI score, stage, β2-microglobulin and bone marrow infiltration may affect the survival of patients with T-cell lymphoma, but we found no correlation between MSI and T-cell lymphoma, perhaps due to the heterogeneity of T-cell lymphoma. In the T-cell lymphoma cases included in this study, nine GGGGGTAGA insertion/deletion sequences were found. The GGGGGTAGA sequence was found to have been inserted in three, and deleted in six cases. No further correlative analysis was performed due to the low number of cases identified in this study.

This study showed no significant difference in the incidence and survival of patients with B-cell lymphoma and a 9-bp GGGGGTAGA mtDNA insertion/deletion, consistent with the results reported by Lee et al. [17]. However, the sample size in this study was low, and the number of sites from which patients were recruited was limited. Further studies are needed to verify our findings.

In conclusion, while there was no correlation between the GGGGGTAGA indel at the 8272 mtDNA locus and the outcome of non-Hodgkin’s and B-cell lymphomas. A correlation was found between the presentation of T-cell lymphoma and the GGGGGTAGA indel at mtDNA position 8272. LDH and the GGGGGTAGA indel at mtDNA position 8272 can be used as independent prognostic markers for T-cell lymphoma.
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