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come    

The soluble form of CD30 (sCD30), a member of tumour necrosis factor receptor superfamily, has been used as a marker of disease activity in various lymphomas. Epstein-Barr virus (EBV) is a potent stimulator of CD30 expression. The study aims to evaluate whether sCD30 can be used as a diagnostic marker for EBV-associated infectious mononucleosis (IM) and post-transplant lymphoproliferative disease (PTLD). Plasma from EBV seropositive healthy controls (N=90), acute IM patients (n=90), non-PTLD heart/lung transplant recipients (N=30) and EBV-positive PTLD patients (N=23) was tested for sCD30 using a commercially available ELISA kit. EBV DNA was tested by real time quantitative polymerase chain reaction assay. Significantly higher sCD30 levels were observed in acute IM patients (median 242.9 ng/mL) compared to EBV seropositive controls (median 15.7 ng/mL; p<0.0001). These levels were highest in IM patients within 14 days of onset of illness.

PTLD patients had significantly higher sCD30 levels (median 94 ng/mL) than healthy controls (p<0.0001) and transplant patients (median 27 ng/mL; p=0.0007). EBV DNA was detected mostly in acute IM and PTLD patients. In both cases there was a significant correlation between sCD30 and EBV DNA levels in plasma (p<0.0001). This study demonstrates that sCD30 and EBV DNA levels can be used as potential markers for diagnosis of IM and PTLD.

Introduction

The membrane glycoprotein CD30, a member of the tumour necrosis factor receptor (TNFR) superfamily was originally identified as a marker for Hodgkin's and Reed-Sternberg cells in Hodgkin's lymphoma [START_REF] Smith | CD30 antigen, a marker for Hodgkin's lymphoma, is a receptor whose ligand defines an emerging family of cytokines with homology to TNF[END_REF][START_REF] Falini | CD30 (Ki-1) molecule: a new cytokine receptor of the tumor necrosis factor receptor superfamily as a tool for diagnosis and immunotherapy[END_REF]. Subsequently the expression of CD30 has been seen in some lymphoid tumours and on a small proportion of activated B cells and activated CD8+ and CD4+ T cells [START_REF] Romagnani | CD30 and type 2 T helper (Th2) responses[END_REF]. CD30 is believed to act as a co-stimulatory molecule in signal transduction pathways with a preference for creating a T helper 2 (Th2) environment for B-cell activation, differentiation and antibody class switching [START_REF] Romagnani | CD30 and type 2 T helper (Th2) responses[END_REF][START_REF] Gruss | Pleiotropic effects of the CD30 ligand on CD30-expressing cells and lymphoma cell lines[END_REF][START_REF] Horie | CD30: expression and function in health and disease[END_REF].

A soluble form of CD30 (sCD30) is generated by proteolytic cleavage of the extracellular portion of this transmembrane molecule and can be measured in serum or plasma by enzyme linked immunosorbent assays (ELISA) [START_REF] Josimovic-Alasevic | Ki-1 (CD30) antigen is released by Ki-1-positive tumor cells in vitro and in vivo. I. Partial characterization of soluble Ki-1 antigen and detection of the antigen in cell culture supernatants and in serum by an enzyme-linked immunosorbent assay[END_REF][START_REF] Hansen | The ectodomain shedding of CD30 is specifically regulated by peptide motifs in its cysteine-rich domains 2 and 5[END_REF]. Soluble CD30 levels have been correlated with disease activity in autoimmune diseases such as systemic lupus erythematosus and rheumatoid arthritis [START_REF] Ciferska | The levels of sCD30 and of sCD40L in a group of patients with systemic lupus erythematodes and their diagnostic value[END_REF][START_REF] Oflazoglu | Targeting CD30/CD30L in oncology and autoimmune and inflammatory diseases[END_REF]. In Hodgkin's lymphoma, the level of serum sCD30 correlates with disease activity and response to therapy [START_REF] Visco | Very high levels of soluble CD30 recognize the patients with classical Hodgkin's lymphoma retaining a very poor prognosis[END_REF]. It has recently been shown that a high pretransplant level of sCD30 in kidney recipients is associated with an increase incidence of graft failure post-transplant [START_REF] Heinemann | Association of elevated pretransplant sCD30 levels with graft loss in 206 patients treated with modern immunosuppressive therapies after renal transplantation[END_REF][START_REF] Sengul | Identification of patients at risk of acute rejection by pretransplantation and posttransplantation monitoring of soluble CD30 levels in kidney transplantation[END_REF]. In patients infected with human immunodeficiency virus (HIV)-1, decreasing levels of sCD30 is a good prognostic factor for effective response to antiviral HIV therapy [START_REF] Sadeghi | Short communication: decreasing soluble CD30 and increasing IFN-gamma plasma levels are indicators of effective highly active antiretroviral therapy[END_REF].

Epstein-Barr virus (EBV), a human herpesvirus that establishes a life-long infection in circulating B lymphocytes in vivo, is also an inducer of CD30 expression on B cells in vitro [START_REF] Gregory | Isolation of a normal B cell subset with a Burkitt-like phenotype and transformation in vitro with Epstein-Barr virus[END_REF][START_REF] Siemer | EBV transformation overrides gene expression patterns of B cell differentiation stages[END_REF]. EBV is the causative agent of infectious [START_REF] Niederman | Prevalence, incidence and persistence of EB virus antibody in young adults[END_REF]. Increased serum levels of sCD30 have been found in IM patients compared to the healthy controls [START_REF] Vinante | Soluble forms of p55-IL-2R alpha, CD8, and CD30 molecules as markers of lymphoid cell activation in infectious mononucleosis[END_REF]. EBV is also associated with lymphoid tumours such as a subset of Hodgkin's lymphoma and lymphoproliferative diseases in immunocompromised patients, in particular in transplant patients (Post-transplant lymphoproliferative disease (PTLD) [START_REF] Emery | Immunotherapy and vaccination after transplant: the present, the future[END_REF]. PTLD is a recognised complication of immunosuppression affecting up to 10% of transplant recipients. The majority of PTLD are positive for EBV, and some PTLD tumour cells also express CD30 on their surface [START_REF] Adams | Clinical, phenotypic and genetic similarities and disparities between post-transplant and classical Hodgkin lymphomas with respect to therapeutic targets[END_REF][START_REF] Schwend | Rapidly growing Epstein-Barr virus-associated pulmonary lymphoma after heart transplantation[END_REF][START_REF] Lok | Post-transplant cutaneous T-cell lymphomas[END_REF]. The diagnosis of PTLD is based on clinical features and histological findings of the tumour biopsy. Currently there is no serum marker available to predict PTLD development or aid PTLD diagnosis in transplant patients. Monitoring EBV DNA levels in blood is not always helpful since there are some patients with EBV-associated diseases without detectable DNA in blood [START_REF] Hopwood | Persistent Epstein-Barr virus infection: unrestricted latent and lytic viral gene expression in healthy immunosuppressed transplant recipients[END_REF]. The prognosis for PTLD is also variable with only up to 50% demonstrating a response to treatment. Moreover, the response to treatment is often difficult to assess, particularly when the tumour is not easily measurable or accessible.

The present study was undertaken to ascertain whether sCD30 can be used as a serum marker for EBV-associated lymphoproliferation such as acute IM and PTLD and whether the levels of sCD30 correlate with EBV DNA levels in the plasma of these patients. 

PATIENTS, MATERIALS AND METHODS

Study Cohort

The study population consisted of 90 EBV seropositive healthy individuals (Group A), 90 individuals with clinically diagnosed and serologically confirmed acute infectious mononucleosis (IM; Group B), 30 adult heart and/or lung transplant recipients (Group C) and 23 patients with biopsy proven EBV-positive post-transplant lymphoproliferative disease (PTLD; Group D). All these patients were enrolled into previous ethically approved clinical trials. All patients were anonomysed at source, given unique identifying numbers and aliquots of plasma samples were collected.

Detection of soluble CD30 (sCD30)

The levels of sCD30 in plasma were determined using a commercially available enzyme linked immunoassay kit (Bender MedSystems®, A-1030 Vienna, Austria) as directed by the manufacturer's instructions. Briefly, microwell strips pre-coated with monoclonal antibody against soluble CD30 were used. A tenfold dilution of positive control material was prepared from reconstituted sCD30 standard supplied by the manufacturer. Anti-human horse radish peroxidise conjugate was used as detection antibody. The plate was read using an ELISA plate reader (ASYS Expert 96, Scientific Laboratory Supplies) and the OD levels detected for each sample were used to estimate the sCD30 values off the standard curve.

Detection of EBV DNA using a quantitative polymerase chain reaction assay

EBV DNA levels in plasma were measured by real time quantitative polymerase chain reaction (qPCR) amplification of EBNA 1 gene using an ABI Prism 7000 system (Taqman®, Applied Biosystem, Warrington, UK) [START_REF] Jabs | Normalized quantification by real-time PCR of Epstein-Barr virus load in patients at risk for posttransplant lymphoproliferative disorders[END_REF]. Briefly, DNA was extracted from plasma using EasyMag® as per manufacturer's instructions (bioMerieux, Basingstoke, Standard curves were created by plotting crossing threshold (CT) values against known EBV-DNA concentrations in triplicates using Sequence Detection System (version 1.2.3, Applied Biosystem). The lower limit of detection of the assay was 100 EBV copies/mL of blood.

Statistical Analysis

GraphPad Prism 5 was used for data analysis and to create graphs. Soluble CD30 values and EBV viral loads in different study groups were compared using Mann-Whitney U test (unpaired non-parametric) and the association between sCD30 and EBV was examined by Spearman Rank test. P values of less than 0.05 were regarded as statistically significant. 

Results

Study Population

Serum samples used in the study were collected from 233 individuals who were classified into 4 groups: A) EBV seropositive healthy controls (n=90), B) Acute infectious mononucleosis (IM; n=90), C) Adult heart and/or lung transplant patients (n=30) and D) Biopsy proven EBV-positive PTLD (n=23). The transplant types included: 1 lung, 3 heart, 2 liver and small bowel, 10 liver and 7 kidney. The demographic details of PTLD patients are shown in Table 1.

Soluble CD30 (sCD30) as a diagnostic marker for EBV-driven lymphoproliferation

All plasma samples were tested for the presence and levels of sCD30 using a commercially available ELISA.

Group A-EBV seropositive healthy controls

There were 54 females and 36 males (age range 18 to 24 years) in this group. The median level of sCD30 detected was 15.7 ng/mL (range: 0 -178 ng/mL; Figure 1). There was no significant difference in sCD30 levels in male and female individuals (p=0.4).

Group B-Acute infectious mononucleosis (IM) patients

Ninety patients (age range: 15-27 years) with clinically and serologically confirmed IM (all positive for IgM antibodies against EBV viral capsid antigen) were enrolled of which 48 were females and 43 males. sCD30 was detected in all patients with IM (range 6.8 -712 ng/mL), the median value was 242.9 ng/mL. The sCD30 levels in acute IM patients were significantly higher when compared to the EBV seropositive healthy controls (Figure 1; p value < 0.0001); The date of onset of symptoms and signs of acute IM was available in 40 out of 90 IM patients. The levels of sCD30 were significantly higher in IM patients when the onset of illness was <14 days at the time of sample collection compared to those with an onset of illness ≥14 days (median values 169.8 and 38.9 ng/mL respectively, p=0.034). This indicates that sCD30 levels were at their highest during the early stage of the disease.

Group C -Adult transplant recipients

All heart and/or lung transplant patients had a median sCD30 level of 27 ng/mL (range between 2.16 -669 ng/mL). This level was significantly higher than that of the EBV seropositive healthy controls (p=0.003) indicating that sCD30 levels was increased in transplant patients even though they had no EBV-related disease.

Group D -EBV-positive Post-transplant lymphoproliferative diseases (PTLD)

All patients with EBV+ PTLD had detectable sCD30 levels in plasma ranging from 26 to 572 ng/mL (median 118 ng/mL). The sCD30 levels in these patients were significantly higher than those seen in healthy controls (Group A, p <0.0001) and in non-PTLD transplant patients (Group C; p =0.0007). These results indicate that sCD30 levels were increased in patients with EBV-driven lymphoproliferation.

There was no significant difference in the sCD30 levels and gender, age (children versus adults) and the histological types of PTLD tumours (data not shown). Information on immunostaining for CD30 marker on tumour biopsy material at PTLD diagnosis was 9 available in 10 cases, seven (70%) of these PTLD biopsies contained some tumour cells that stained positive for CD30 (Table 1).

EBV DNA levels

EBV DNA was detected in 66 (56%) out of 118 plasma samples tested (Figure 2). Only 1 out of 23 EBV seropositive healthy controls (Group A) had a low level EBV DNA in plasma (229 copies/mL). In contrast, 39 (76%) of 51 acute IM patients (Group B) had detectable EBV DNA in plasma (Range 399 -219192 copies/mL, median 6585 copies/mL). Unsurprisingly, acute IM samples had significantly higher EBV DNA levels when compared to healthy controls (p<0.0001). Thirty seven per cent (9/24) of non-PTLD transplant patients (Group C) had low levels of EBV DNA with a range of 206 -1698 copies/mL (median 482 copies/mL).

Of the 20 patients with EBV-positive PTLD that were tested, EBV DNA was detected in 17 (85%) patients (Group D) with levels ranging between 103 to 324755 copies/mL (median 6069 copies/mL). EBV DNA levels were higher in PTLD patients than those in healthy controls (p <0.0001) and transplant patients (p=0.0002).

Correlation between soluble CD30 and EBV DNA levels

In order to determine an association between sCD30 and EBV DNA in plasma, sCD30 values were plotted against the EBV DNA levels in each sample where EBV DNA was detected by quantitative PCR (n=66) and analysed by Spearman Rank correlation tests. The results are shown in Figure 3. There was significant correlation between these 2 parameters whereby high sCD30 concentrations were associated with high EBV DNA levels (r 2 =0.42; p<0.0001; Spearman Rank). This trend was seen when the analyses were done separately on acute IM and PTLD samples (p values were <0.001 and 0.02 respectively). 

Discussion

We examined the levels of sCD30 and EBV DNA in the plasma of patients with EBV-driven lymphoproliferations (acute IM and PTLD), and compared these with healthy controls and transplant recipients respectively. We also investigated any association between these two markers.

High level of serum sCD30 is generally considered to be an indicator of increased immune activation, particularly of a Th2 type response [START_REF] Pellegrini | CD30 antigen: not a physiological marker for TH2 cells but an important costimulator molecule in the regulation of the balance between TH1/TH2 response[END_REF]. Our results show that sCD30 levels are significantly higher in patients with acute IM when compared with EBVseropositive healthy individuals (p<0.0001). This finding is in line with a previous report by [START_REF] Vinante | Soluble forms of p55-IL-2R alpha, CD8, and CD30 molecules as markers of lymphoid cell activation in infectious mononucleosis[END_REF], showing high sCD30 levels in 55 IM patients (477 U/mL compared to 4.9 U/mL in healthy controls). IM is an immunopathological condition resulting from a primary infection with EBV. EBV infects B lymphocytes leading to B cell activation and proliferation. This in turn stimulates a rigorous T cell response that consists of activation and expansion of EBV-specific cytotoxic CD8+ and CD4+ T cells. These T cells control the acute infection via lysis of the virus-carrying B lymphoblasts. Some infected B cells escape this T cell surveillance by initiating down-regulation of viral genes leading to limited expression of viral proteins, thereby establishing a life-long persistence in the host. The expression of CD30 is seen on EBV-infected B cells and activated T cells in vitro [START_REF] Vinante | Soluble forms of p55-IL-2R alpha, CD8, and CD30 molecules as markers of lymphoid cell activation in infectious mononucleosis[END_REF], and some CD30 molecules are cleaved and can be detected in blood. Although IM is mostly a Th1driven phenomenon, an increase in sCD30, a marker of Th2 differentiation, seen in our IM cohort may represent a measure to counteract the initial extensive Th1 activities during acute infection. This may account for sCD30 levels being significantly higher during the first 2 weeks of onset of illness in a subset of our IM patients. [START_REF] Vinante | Soluble forms of p55-IL-2R alpha, CD8, and CD30 molecules as markers of lymphoid cell activation in infectious mononucleosis[END_REF] have also shown that sCD30 levels in sequential samples from 15 IM patients fall to the near control levels to PTLD. PTLD lesions usually consist of EBV-infected B cells and some of these PTLD cells express CD30 on their surface which can be cleaved from the cell membrane (70% PTLD biopsies in our cohort). So it is not surprising that sCD30 levels and EBV DNA levels were found to be significantly higher in our patient cohorts with lymphoproliferative conditions such as acute IM and PTLD.

The exact mechanisms of signal transduction by CD30 remain to be elucidated. CD30 interacts with its ligand, CD153, a member of tumor necrosis factor (TNF) superfamily which is present on activated T cells and resting B cells [START_REF] Gruss | Pleiotropic effects of the CD30 ligand on CD30-expressing cells and lymphoma cell lines[END_REF]. It has been shown in Hodgkin's Reed-Sternberg (HRS) cells that the interaction between CD30 with its ligand leads to activation of various signal transducers of TNF receptor family (such as TNF receptor-associated factors, TRAF1, 2, 3 and 5, NF-kB, and cFLIP) which promote survival of HRS cells [START_REF] Horie | CD30: expression and function in health and disease[END_REF][START_REF] Molin | Mast cells express functional CD30 ligand and are the predominant CD30L-positive cells in Hodgkin's disease[END_REF]. EBV oncoprotein latent membrane protein (LMP) 1 is essential for transforming EBV-infected B lymphocytes into lymphoblastoid cell lines, and subsequently for the long-term survival of these cells. LMP1 interacts with TRAFs causing activation of nuclear transcription factor, NF-kB which is important for cell survival. LMP1 is expressed in all EBV-associated tumour cells and its interaction with the TNF receptor family members may play a role in increased CD30 expression on tumour cells and consequently, an increase sCD30 level in blood. In a previous study we have shown that the level of TNF-α, a member of the TNF family that promoted B cell proliferation, is increased in PTLD patients compared to healthy controls and transplant patients [START_REF] Mcaulay | Tumour necrosis factor gene polymorphism: a predictive factor for the development of post-transplant lymphoproliferative disease[END_REF]. EBV DNA detected in the plasma in our patients may have come from free virions arising from viral replication during a primary infection (in acute IM) The data provide evidence that sCD30 can be used as a marker for diagnosing EBVassociated diseases; particularly in the context of acute IM and PTLD. Follow-up samples were not available to assess changes in sCD30 levels in this cohort. Prospective monitoring of sCD30 levels and correlation with EBV DNA may provide a useful tool for prediction and early diagnosis of PTLD and other EBV-associated diseases and may have a prognostic role; however further research in a larger cohort of patients and serial sampling is required. 
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Table 1 :

 1 Demography of patients with EBV-positive PTLD PTLD, post transplant lymphoproliferative disease; nd, not done.

	Sex	Age	Type of transplant PTLD Type	CD30 staining on PTLD tissue	sCD30 levels (ng/mL)
	F	1	liver	Monomorphic	nd	571.76
	M	3	liver + small bowel	Hyperplastic	nd	308.84
	F	25	heart	Monomorphic	Positive	187.88
	M	53	kidney	Polymorphic	nd	413.72
	M	8	lung	Polymorphic	Negative	355.04
	M	60	liver	Polymorphic	nd	131.56
	F	13	kidney	Hyperplastic	nd	398.28
	M	14	liver	Hodgkin's	Positive	118.04
	M	51	heart	Monomorphic	nd	34.76
	F	48	kidney	Monomorphic	nd	66.28
	M	61	kidney	Monomorphic	nd	133.20
	F	49	liver	Monomorphic	nd	67.08
	F	67	liver	Hodgkin's	Positive	26.28
	F	35	liver	Monomorphic	nd	19.48
	M	11	kidney	Polymorphic	Positive	31.24
	M	34	heart	Hyperplastic	nd	56.92
	M	1	liver + small bowel	Hodgkin's	Negative	152.28
	M	61	liver	Monomorphic	Negative	246.56
	F	7	liver	Hyperplastic	Positive	29.48
	F	50	liver	Hodgkin's	Positive	93.56
	F	32	kidney	Monomorphic	Positive	36.32
	M	50	liver	Polymorphic	nd	42.36
	M	59	kidney	Monomorphic	nd	52.24
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