

  microbiolres-12-00011




microbiolres-12-00011







Microbiol. Res. 2021, 12(1), 150-156; doi:10.3390/microbiolres12010011




Article



Epstein–Barr Virus (EBV) Viral Load in Tumor Cells Did Not Predict Tumor Extensiveness in Nasopharyngeal Cancer



Soehartati A. Gondhowiardjo 1, Handoko 1,*[image: Orcid], Marlinda Adham 2, Lisnawati Rachmadi 3, Henry Kodrat 1, Demak Lumban Tobing 4, I Made Haryoga 1, Agustinus Gatot Dwiyono 1, Yoseph Adi Kristian 1, Tiara Bunga Mayang Permata 1[image: Orcid] and Takahiro Oike 5





1



Department of Radiation Oncology, Cipto Mangunkusumo National General Hospital, Faculty of Medicine Universitas Indonesia, Jl. Salemba Raya No. 6, Jakarta 10430, Indonesia






2



Department of ENT, Cipto Mangunkusumo National General Hospital, Faculty of Medicine Universitas Indonesia, Jl. Salemba Raya No. 6, Jakarta 10430, Indonesia






3



Department of Anatomical Pathology, Cipto Mangunkusumo National General Hospital, Faculty of Medicine Universitas Indonesia, Jl. Salemba Raya No. 6, Jakarta 10430, Indonesia






4



Department of Clinical Pathology, Dharmais National Cancer Hospital, Jl. Letjen S. Parman No. 84-86, Jakarta 11420, Indonesia






5



Department of Radiation Oncology, Gunma University Graduate School of Medicine, 3-39-22, Showa-Machi, Maebashi, Gunma 371-8511, Japan









*



Correspondence: handoko45@yahoo.com; Tel.: +62-811-915-6669; Fax: +62-21-392-6288 or +62-21-314-7534







Academic Editor: Beniamino T. Cenci-Goga



Received: 4 April 2020 / Accepted: 17 August 2020 / Published: 5 March 2021



Abstract

:

Background: Nasopharyngeal cancer is commonly associated with Epstein–Barr virus (EBV) infection, especially undifferentiated non-keratinized histology. EBV DNA quantification through nasopharyngeal brushing was previously reported to be not related to disease stage. This study aimed to reinvestigate the relationship of EBV viral load in tumor tissue with tumor extensiveness by more accurate EBV DNA quantification through microscopically confirmed tumor cells from nasopharyngeal biopsy. Method: The specimens for EBV DNA quantification were derived from histopathology slides which were pre-treated following the QIAsymphony® SP protocol for tissue DNA extraction. Then, the extracted DNA underwent real-time polymerase chain reaction (RT-PCR) using the artus® EBV RG PCR Kit for EBV DNA quantification. The tumor volume was determined by delineating the gross tumor based on 3D imaging of the patient’s nasopharynx. Result: Twenty-four subjects were included in this study. All subjects were stage III and above, with more males (75%) than females. EBV viral load in tumor cells was found to have no correlation to tumor volume both in local and nodal regions. The median local tumor volume was 81.3 cm3 ± 80 cm3. The median EBV viral load in tumor cells was 95,644.8 ± 224,758.4 copies/100 ng of DNA. The median nodal or regional tumor volume was 35.7 ± 73.63 cm3. Conclusion: EBV viral load from tumor cells from nasopharyngeal biopsy has no relationship with tumor extensiveness in nasopharyngeal cancer. The presence and amount of EBV in tumor cells did not translate into larger or smaller tumors. The EBV viral proteins and RNAs were perhaps more likely to confer some prognostic information due to the fact that those molecules were related to carcinogenesis.
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1. Introduction


Nasopharyngeal cancer is an endemic cancer in some part of the world such as Southern and South-East Asia [1]. The endemic type of nasopharyngeal cancer commonly had a histology of undifferentiated non-keratinized WHO type 3. However, in the Western world nasopharyngeal cancer is an uncommon cancer, usually with histology of differentiated keratinized WHO type 1 or differentiated non-keratinized WHO type 2 nasopharyngeal cancer [2]. Smoking and alcohol consumption have been shown to be associated with the differentiated type of nasopharyngeal cancer, but not the undifferentiated nasopharyngeal cancer [3].



The development of the endemic type of nasopharyngeal cancer is very much related to Epstein-Barr virus (EBV) infection [4]. EBV was found in approximately all nasopharyngeal cancers with undifferentiated non-keratinized histology WHO type 3 [5,6]. EBV infection could become dormant within host epithelial cells [7]. This EBV in its dormant or latent phase would express various viral molecules that have been shown to be responsible for inducing carcinogenesis in nasopharyngeal cancer [1,8,9,10].



Due to a tight association between EBV and undifferentiated nasopharyngeal cancer, EBV viral load has been proposed to be a biomarker that could possibly serve as a screening tool and guide treatment or inform prognosis. Detectable EBV viral loads in plasma have been shown to be able to inform asymptomatic patients regarding greater risk of developing nasopharyngeal cancer [11]. Furthermore, EBV viral load in plasma was found to be prognostic, especially in predicting risk of distant recurrence [12,13]. However, EBV viral loads from local nasopharyngeal specimens have not been shown to be prognostic [14].



The EBV genotype from circulating plasma was found to be similar to the EBV genotype from tumor cells [15]. That finding indicated that EBV detected from plasma was very likely to be derived from EBV in tumor cells from the nasopharynx. Therefore, with the knowledge suggesting a prognostic role of plasma EBV viral load, the EBV DNA from tumor cells in the nasopharynx warrants further investigation to seek a potential of an even stronger prognostic value.



The previous study that found a negative relationship between EBV from tumor cells and tumor burden or disease stage was thought to be due to the specimen having been collected from nasopharyngeal brushing, which might not represent the true EBV samples from tumor cells [14]. Therefore, a more accurate and representative design with EBV samples collected directly from microscopically confirmed tumor cells was used in this study to seek the role of EBV viral load in tumor cells.




2. Method


2.1. Study Design and Subject Recruitment


This study recruited subjects with microscopically confirmed nasopharyngeal carcinoma from nasopharynx biopsy. All subjects were 18 years and above. They all consented to be included in this study. All subjects underwent 3D imaging with either CT scan with contrast or MRI with contrast for the nasopharynx to assess the initial pre-treatment tumor extension. The scan was taken from the frontal sinus up to the clavicle with a slice thickness of 5 mm or below. The pre-treatment imaging utilized in this study was within 1 month of the nasopharynx biopsy to ensure the biopsy sample was approximately representative of the clinical tumor volume.




2.2. Sample Processing for EBV DNA Quantification


The specimens were derived from a paraffin embedded tissue of the confirmed nasopharyngeal cancer patients. A cut of a 4 µm thickness of the paraffin embedded tissues were put into a slide. The slide then underwent standard hematoxylin–eosin staining. The stained slides were reviewed, and the exact locations of tumor cells were marked initially with a permanent marker by a senior pathologist. The marked slides were then re-marked again by carving the glass slides with a diamond pen. The permanently carved slides underwent pre-treatment for deparaffinization using xylene. The pre-treatment process of the slides followed the QIAsymphony® SP protocol for tissue.



After pre-treatment, the DNA from the specimens was extracted and purified using the QIAsymphony DSP DNA Mini Kit. The DNA extracted was then quantified with a spectrophotometer following the manufacturers’ guidelines. The DNA specimens were then diluted until reaching 100 ng DNA per ml of solution. The homogenous DNA content from all the specimens was used for real-time polymerase chain reaction (RT-PCR) using the artus® EBV RG PCR Kit for EBV DNA quantification following the manufacturers’ guidelines.




2.3. Tumor Volume Determination


Tumor extensiveness in this study referd to tumor volume. The 3D imaging performed within 1 month of nasopharyngeal biopsy for all subjects was used for the basis of tumor volume determination. The tumor volume was determined by contouring the gross tumor locally in nasopharynx and regionally in cervical lymph nodes. The contouring was performed using Eclipse™ software. The contouring was structured separately for gross tumors in local and regional areas to obtain the local tumor volume and nodal tumor volume. The contours were performed by 2 radiation oncologists independently. The final contour structures were discussed together to reach a consensus to determine the final structures. The volume for each structure was then recorded.




2.4. Statistical Analysis


A correlation test using Pearson’s correlation test was performed between tumor volume and EBV viral load in tumor cells. The distribution for each numeric variable was determined using a histogram. For non-normal distribution, the median with interquartile range was reported. For a skewed distribution, if there was no correlation found, the data were re-arranged into a logarithmic scale to obtain normally distributed data. It was performed whenever it was sensible and the basis of the data permitted for conversion into a logarithmic scale. A re-analysis of the correlation using Pearson’s correlation test was performed after normalization of data distribution to ascertain the presence or absence of the correlation.





3. Results


3.1. Subject Characteristics


Twenty-four subjects were included in this study. There was an almost equal number of subjects aged 50 and below and aged over 50. There were more males (75%) compared to females. All subjects were in the locally advanced to advanced stage (stage III and above) based on the American Joint Committee on Cancer (AJCC) version 8 staging system. There was no subject in stage I and II because all patients came in later stages for treatment in the center where this study was performed. There were 33.3% of subjects in advanced metastatic stage IVB. (see Table 1) The histology was undifferentiated nasopharyngeal carcinoma WHO type 3 in all subjects. The median gross local tumor volumes segregated by cancer stage were 67.65 cm3 ± range 24.10 cm3, 77.55 cm3 ± range 344 cm3 and 107.05 cm3 ± range 254.30 cm3 for stage III, IVA and IVB, respectively. The median gross nodal tumor volumes segregated by cancer stage were 26.25 cm3 ± range 31.30 cm3, 34.85 cm3 ± range 534 cm3 and 71.35 cm3 ± range 182.10 cm3 for stage III, IVA and IVB, respectively.




3.2. Relationship between Tumor Volume and EBV Viral Load in Tumor Cells


There was no correlation found between gross tumor volume at local nasopharynx with EBV viral load in tumor cells (see Figure 1a). The median local tumor volume was 81.3 cm3 ± range 80 cm3. The median EBV viral load in tumor cells was 95,644.8 copies/100 ng of DNA ± range 224,758.4 copies/100 ng of DNA. A higher EBV viral load in tumor cells in the local nasopharynx did not result in larger tumors in the local nasopharynx.



There was also no correlation found between gross tumor volume in the nodal or regional nasopharynx and EBV viral load in tumor cells (see Figure 1b). The median nodal or regional tumor volume was 35.7 cm3 ± range 73.63 cm3. A higher EBV viral load in tumor cells in the local nasopharynx did not result in larger or smaller tumors in the nodal or regional nasopharynx.



The replication of EBV followed a geometric order, therefore the data distribution of EBV viral load was skewed if a linear scale was used (see Figure 2a). A converted scale from linear to logarithmic for EBV viral load in tumor cells has resulted in those data being presented as a normal distribution (see Figure 2b). A re-analysis with EBV viral load in a logarithmic scale was performed.



There was also no correlation existing between both local tumor volume and nodal tumor volume with EBV viral load in tumor cells in logarithmic scale (Log of EBV viral load) from the local nasopharynx (See Figure 1c,d). The mean Log of EBV viral load in tumor cells from the local nasopharynx was 4.94 Log copies/100 ng of DNA ± range 0.64 Log copies/100 ng of DNA.





4. Discussion


EBV viral load in tumor tissue from nasopharyngeal biopsy has been shown in our study to not be related to baseline tumor extensiveness. A recent retrospective study also found no relationship between EBV viral load from nasopharyngeal lesions and cancer stages [16]. However, they found an association between a higher EBV viral load with more than 70 copies/cells and better outcomes, but the EBV viral load from that study varied very greatly [16]. In addition, patients’ performance status, patients’ comorbidities and the treatment were not described in that study. Those factors might also impact the overall survival. Hence, we could still argue that EBV viral load from nasopharyngeal tumor cells did not confer important prognostic information.



In our study, we confirmed that in all our samples with undifferentiated nasopharyngeal WHO type 3 histology, EBV is present in all samples. Although EBV was present, the amount of virus present within the cancer cells did not translate into greater or smaller tumor sizes. This finding indicates that EBV replication within the host cells does not affect cancer phenotype. There were other factors that might affect the aggressiveness of tumor growth, which ultimately affects patients’ survival. A study of immune checkpoint molecules in nasopharyngeal cancer with EBV DNA load in the endemic region found that EBV DNA load did not confer any prognostic information [17]. However, the immune checkpoint molecule PD-L1 did predict poorer prognosis [17,18]. This finding suggested that there was a complex interplay between host immune system, viral oncogenes and host genome that drive carcinogenesis and likely dictate the prognosis in nasopharyngeal cancer.



There is also ample evidence suggesting that the expression of several EBV viral oncogenic genes are related to cancer development [7,19]. These oncogenic proteins are probably the major driver of carcinogenesis, especially the proteins expressed by the latent EBV genes [7]. In acute EBV infection, the lytic phase will ensue with the expression of lytic genes. After lytic infection, the virus will reside and become dormant within the epithelial or lymphocytes by expression of various latent genes. These latent genes such as Latent Membrane Protein 1 (LMP1) and Epstein–Barr nuclear antigen 1 (EBNA-1) expressed in the latent phase of EBV infection were found to contribute to cancer development [7].



The viral protein LMP1 was associated with the inactivation of several important genes such as tumor suppressor genes within the host cells [7,20,21]. LMP1 inactivated tumor suppressor genes, for instance the Phosphatase and Tensin Homolog (PTEN) gene through the action of DNA methyltransferase 3b (DNMT3b) [21]. This DNMT3b resulted in PTEN CpG island methylation [21]. Furthermore, the LMP1 expressed by EBV has also been shown to be able to methylate the CDH-1 promoter region which eventually silences the E-cadherin gene. The cadherin is a cell adhesion molecule, in which a deficit of this protein will promote cancer cells to easily metastasize [22]. LMP1 has also been shown to be able to induce expression of PD-L1 in nasopharyngeal cancer [23]. The knockout of the LMP1 gene in the preclinical setting resulted in the suppression of PD-L1 [23]. The expression of PD-L1 has been correlated with poorer survival [23].



The EBNA-1 viral protein was associated with gene methylation process and genomic instability within the host genome [7,20]. The gene profiling study has shown that EBNA-1 could bind to the promoter sites of many host genes and result in upregulation and downregulation of specific genes [24]. The presence of EBNA-1 was also related to elevated production of reactive oxygen species (ROS) within the host cells [25]. This elevated ROS further increased the likelihood of genomic instability and DNA damage [25]. In the pre-clinical model, EBNA-1 expression was shown to be strongly associated with tumor growth [26]. All these findings indicate that EBNA-1 is required at least in part for tumorigenesis.



Another EBV molecule that is also highly transcribed in latent EBV infection was Epstein–Barr virus-encoded RNA (EBER). The EBER is a small segment of RNA molecule that is not expressed into protein, but it plays a major role in facilitating the process of immune escape [7]. The EBER can interfere with interferon-stimulating genes, thereby blunting the immune response [27]. In concert with other EBV viral proteins such as LMP1, the EBV could stimulate the recruitment and activation of Treg into a tumor microenvironment, therefore stimulating an even more permissive microenvironment for tumor growth [28].



Based on all the findings above and the results of our study, the expression of these oncogenic viral genes is probably more likely to correlate with tumor progression rather than the presence and the amount of EBV alone. EBV viral load quantification in tumor tissue was probably useful to assist doubtful diagnosis of nasopharyngeal cancer, especially the endemic type with WHO type 3 histopathology [29]. Quantification of EBV DNA in tumor cells might not be able to confer valuable prognostic information. However, quantification of viral proteins or RNAs might be able to provide some prognostic clues.




5. Conclusions


EBV viral load in tumor tissue from nasopharyngeal biopsy did not correlate with baseline pre-treatment tumor extensiveness. The presence and amount of virus in tumor cells was probably not very informative except for confirming diagnosis of nasopharyngeal carcinoma. EBV viral molecules such as LMP1, EBNA-1 and EBER were probably more likely to confer prognostic information.
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Figure 1. Scatterplot showing no correlation between (a,b) Epstein–Barr virus (EBV) viral load in nasopharyngeal tumor tissue with (a) local tumor volume, and (b) nodal tumor volume. (c,d) Re-analysis of correlation using normalized distribution in a logarithmic scale of EBV viral load in nasopharyngeal tumor tissue also showing no correlation with (c) local tumor volume, and (d) nodal tumor volume. 
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Figure 2. Histogram showing distribution of data for EBV viral load in tumor tissue from nasopharyngeal biopsy: (a) non-normal distribution with linear scale, (b) normal distribution with logarithmic scale. 
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Table 1. Subject Characteristics.
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Characteristics

	
Number of Subjects (%)






	
Age

	




	

	
≤50 years old

	
13 (54.2%)




	

	
>50 years old

	
11 (45.8%)




	
Gender

	




	

	
Male

	
18 (75%)




	

	
Female

	
6 (25%)




	
Stage *

	




	

	
III

	
4 (16.7%)




	

	
IVA

	
12 (50%)




	

	
IVB

	
8 (33.3%)




	
Total

	
24 (100%)








* Based on AJCC Staging 8th Edition.
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