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1 Introduction 

 

1.1 History and clinical features of Hemophagocytic lymphohistiocytosis 

 

In 1939, Scott and Robb-Smith described four cases of a rapidly fatal, 

generalized lymphadenopathy characterized histologically by infiltration of ‘pro-

histiocytes’ and ‘histiocytes’ in the medullary region (or sinuses) of lymph nodes 

and bone marrow (Robb-Smith, 1990). The patients usually presented with fever, 

lymphadenopathy, hepatosplenomegaly, and cytopenia. The term ‘histiocytic 

medullary reticulosis (HMR)’ was adopted and regarded as an unusual entity of 

atypical Hodgkin’s disease. In 1952, Farquhar and Claireaux (Farquhar and 

Claireaux, 1952) reported the case of a child with what was considered to be a 

rapidly fatal and familial form of Letterer-Siwe disease, a form of Lan-gerhans cell 

histiocytosis (LCH). They noted prominent hemophagocytosis and termed the 

disorder familial haemophagocytic reticulosis. In 1961, Nelson et al.(Nelson et al., 

1961) reported on the prominent involvement of the central nervous system (CNS) 

in patients with familial haemophagocytic reticulosis but less prominent 

erythrophagocytosis and coined the term lymphohistiocytosis. In 1963, 

MacMahon et al. (Macmahon et al., 1963), described patients with what was 

termed familial erythrophagocytic lymphohistiocytosis (FEL), thus emphasizing 

the distinction from LCH. In 1969, ‘malignant histiocytosis’ was proposed by 

Rappaport as a synonym for HMR and malignant histiocytosis was considered to 

be a malignancy of histiocytic origin (Rappaport, 1969). These initial cases of 

inherited HLH likely represent what is now known as primary or familial HLH 

(FHLH) and distinguished from secondary HLH, and the term ‘reticulosis’ or 

‘histiocytosis’ was used to describe an ambiguous clinical condition that may 

progress from initial benign disorders to ‘reticulosarcoma’. 

 

The FHLH has an estimated incidence of around 1:50,000 live-born children 

(Henter et al., 2007), it is a fatal disease with a median survival of less than 2 

months after diagnosis if untreated, and that typically has its onset during infancy 
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or early childhood (Janka, 1983). The disease is inherited in an autosomal 

recessive or x-linked manner, and some known genetic defects seem to be 

involved in HLH. Mutations in PFR1, the encoded protein PFR1, (Stepp et al., 

1999) lead to impaired perforin production and cytolytic effector molecules cannot 

be introduced into the target cell, thereby triggering apoptosis. In 2003, it was 

shown that mutations in the gene UNC13D (17q25), the encoded protein 

Munc13-4, which impair granule exocytosis after docking at the membrane, also 

cause FHLH (Feldmann et al., 2003). Recently a third gene, t-SNARE syntaxin 

11(STX11), the encoded protein syntaxin11, was identified in FHLH (zur Stadt et 

al., 2005). STX11 mutations might impair cytolytic activity involving the interaction 

between dendritic cells and killer cells. The LYST gene (lyzosomal trafficking 

regulator gene), mutated in Chédiak-Higashi syndrome type 1, (Nagle et al., 

1996), plays a role in vesicle transport. Mutations in RAB27A, described in 

Griscelli syndrome type 2, (Menasche et al., 2000) associates with Munc 13-4; 

the complex seems to be a key effector of cytotoxic granule (Bizario et al., 2004). 

Figure 1 was shown all of the molecular causes of hemophagocytic 

lymphohistiocytosis (HLH) disorders related to cytolytic granule formation and 

natural killer/cytolytic T-lymphocyte (NK/CTL) function. Despite its name and 

many known genetic defects in HLH, family history is often negative since the 

disease is recessive. Importantly, the onset of FHLH and bouts of the disease 

may be triggered by infections (Henter et al., 1993).  
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Figure 1 Schematic of molecular causes of hemophagocytic lymphohistiocytosis (HLH) disorders related to 

cytolytic granule formation and natural killer/cytolytic T-lymphocyte (NK/CTL) function (Arceci, 2008) The small 

circles and triangles represent cytolytic granules found within cytoplasmic vesicles. CTL: cytolytic T-lymphocytes. NK cell: 

natural killer cells. LYST: Lysosomal trafficking regulator. CHS-1: Chédiak-Higashi syndrome; AP3B1: B-subunit of 

cytosolic adaptor protein AP-3. SH2D1A: SLAM-associated protein XLP, X-linked proliferative syndrome. RAB27A: ras 

gene product from rat brain; a Ras-like GTP-binding protein 27; the ‘A’ at end of RAB27A refers to Ashen, noting a mouse 

coat color mutant. GS-2: Griscelli syndrome 2. FHLH: familial hemophagocytic lymphohistiocytosis. UNC13D: Munc13-4. 

STX11: Syntaxin 11. PRF1: perforin. 

 

NK cells and cytotoxic T lymphocytes kill their targets expressing antigens 

through cytolytic vesicles (granules) containing perforin and granzyme. Upon 

contact between the effector killer cells and the target cells, immunological 

synapses are formed and cytolytic vesicles traffic to the contact site, dock and 

fuse with the plasma membrane and release their contents (Stinchcombe et al., 

2004). All known defects in HLH seem to be involved in this process (Figure 1). 

Defective cytotoxic activity not only impairs the elimination of cellular targets 

expressing antigens, but also the down-regulation of the immune response. 

Sustained immune activation with persistently high cytokine levels then leads to 
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the clinical picture of HLH, therefore new diagnostic criteria for HLH have been 

recently revised and are as follows (Henter et al., 2007). 

(1) Molecular (i.e. gene mutation) diagnosis known to cause HLH 

(2) Signs and symptoms (five out of the following criteria) 

    (a) Fever 

    (b) Splenomegaly 

    (c) No evidence of malignancy 

    (d) Cytopenias (≥2 or 3 hematopoietic lineages on complete blood counts ): 

          (i) Hemoglobin less than 90g/L (in infants <4 weeks of age, <10g/L) 

          (ii) Platelets less than 100×109/L 

          (iii) Neutrophils less than 1.0×109/L 

    (e) Hypertriglyceridemia and/or hypofibrinogenemia: 

          (i) Fasting triglycerides at least 3.0mmol/L(≥265mg/dl) 

          (ii) Fibrinogen at least 1.5g/L 

    (f) Hemophagocytosis in bone marrow or spleen or lymph nodes 

    (g) Low or absent NK-cell activity (local laboratory reference used) 

    (h) Ferritin at least 500mg/L 

    (i) Soluble CD25 (i.e., soluble IL-2 receptor) at least 2400U/ml 

 

All symptoms of HLH can be explained by high concentrations of inflammatory 

cytokines (Henter et al., 2007; Schneider et al., 2002) and organ infiltration by 

activated lymphocytes and histiocytes: Fever is induced by Interferon-

gamma(Taylor and Grossberg, 1998),  and high concentrations of PGE2 (Oka, 

2004). In bacterial disease may be caused by interleukin-1 and also in 

macrophage activation syndrome, MAS (Muckle Wells syndrome, Still’s disease) 

and other autoimmune associated MAS. Interleukin-6 and TNF-α may be 

elevated when pancytopenia causes secondary infections, nevertheless Janka 

2007 described TNF-α and IL-6 as characteristic cytokines being elevated in HLH. 

TNF-α inhibits lipoprotein lipase leading to elevated triglycerides (Saxena et al., 

1990). Activated macrophages not only secrete ferritin but also tissue factor 

plasminogen activator (Janka, 2007b), which results in high plasmin levels and 
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hyperfibrinolysis (Janka, 2007b). CD25 has been thought to be released by 

activated lymphocytes, but also lymphopenic HLH patients have high 

concentrations of the alpha chain of the IL-2R. Finally hepatosplenomegaly 

increased liver enzymes and bilirubins as well as neurological symptoms are the 

consequence of organ infiltration by activated lymphocytes and histiocytes. The 

pivotal role of Interferon gamma （IFN-γ）together with CD8+T cells for the 

development of HLH was demonstrated in a perforin knock-out mouse model 

(Jordan et al., 2004).  

 

The alpha chain of the soluble interleukin-2 receptor (sCD25) is a valuable 

disease marker because of constantly increased levels during active HLH (Komp 

et al., 1989b). Hemophagocytosis is often absent initially but is usually found with 

progressive disease. In children the cerebrospinal fluid shows a slightly elevated 

cell count and/or increased protein content in more than half of the patients. A 

hallmark of HLH, in genetic as well as in acquired cases, is impaired or absent 

function of natural killer (NK) and cytotoxic T cells (CTL) (Schneider et al., 2002). 

In patients with FHLH, NK cell numbers are normal and the defects are usually 

persistent. Patients with acquired HLH may have low NK cell numbers and 

usually have decreased NK cell function with active disease. NK cell function 

usually reverts to normal after treatment. Therefore, valuable diagnostic 

parameters are increased concentrations of sCD25 and decreased NK cell 

function. 

 

Leading triggering agents in HLH are viruses of the herpes group, especially 

Epstein-Barr virus (Imashuku et al., 2000). A review on clinical features and 

mutations in HLH has been recently provided (Arceci, 2008; Janka, 2007a). EBV 

may infect different cell types including B cells and T cells (Anagnostopoulos et 

al., 1995), monocytes (Tugizov et al., 2007), and also epithelial cells(Fukayama 

et al., 2008). 
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1.2 Epstein-Barr virus  

 

Epstein–Barr virus (EBV), a member of the Lymphocryptovirus genus (Hislop et 

al., 2007), is the most ubiquitous of the eight human herpesviruses, by some 

estimates infecting as much as 90-95% of the adult population (Rickinson, 1998). 

All herpesviruses exhibit a remarkably high degree of host specificity (Skinner et 

al., 2001). They have, over the millennia, coevolved with their hosts to ensure 

mutual coexistence (Rickinson, 2002).  

 

The life cycle of a herpesvirus has two distinct phases (Roizman, 1996). The lytic 

phase results in the production of progeny virions, which expands the pool of 

infected cells within the same host and aids in the spread of the virus to 

uninfected hosts (Roizman, 1996). After an initial lytic burst, most herpesviruses 

revert to the latent phase of their life cycle, in which only a small subset of viral 

genes is expressed (Roizman, 1996). EBV can transform human primary B 

lymphocytes in vitro (Rickinson, 2002). This ability is dependent on the 

expression of a set of latent genes that includes six EBV nuclear antigens, 

EBNA1, EBNA2, EBNA3A, EBNA3B, EBNA3C, and EBNA5, and three latent 

membrane proteins, LMP1, LMP2A, and LMP2B. These latent proteins are 

constitutively expressed in EBV-transformed lymphoblastoid cell lines (LCLs) in 

vitro (Rickinson, 2002). 

Epstein–Barr viruses are closely related members of the gamma herpesvirus 

family and are similar to each other with respect to genomic structure and gene 

organisation. The EBV genome is composed of linear, double stranded DNA, 

which is approximate 173kb in length. Figure 2 (Murray and Young, 2001) 

showed the location and transcription of the EBV latent genes on the double-

stranded viral DNA episome, the latent proteins include the six nuclear antigens 

(EBNAs 1, 2, 3A, 3B and 3C, and EBNA5) and the three latent membrane 

proteins (LMPs1, 2A, 2B) (Rickinson, 2002).  The transformation of B cells by 

EBV involves the coordinated action of several latent gene products. With the 
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demonstration of more restricted patterns of EBV gene expression in tumors, the 

function of these proteins has been the focus of much interest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The Epstein-Barr virus (EBV) genome (Murray and Young, 2001). Diagram showing the location and 

transcription of the EBV latent genes on the double-stranded viral DNA episome. The origin of plasmid replication (oriP) is 

shown in orange. The large solid blocks (in purple) represent coding exons for each of the latent proteins and the arrows 

indicate the direction in which they are transcribed; the latent proteins include the six EBV nuclear antigens (EBNAs 1, 2, 

3A, 3B and 3C, and EBNA5) and the three latent membrane proteins (LMPs1, 2A, 2B). EBNA5 is transcribed from 

variable numbers of repetitive exons. LMP2A and LMP2B are composed of multiple exons located either side of the 

terminal repeat (TR) region, which is formed during the circularization of the linear DNA to produce the viral episome. The 

orange arrows at the top represent the highly transcribed non-polyadenylated RNAs (Epstein-Barr-encoded RNA) EBER1 

and EBER2; their transcription is a consistent feature of latent EBV infection. The outer long arrowed red line represents 

EBV transcription during a form of latency known as latency III (Lat III), where all the EBNAs are transcribed from either 

the Nuclear Antigen BamHI Fragment C Region Promoter, Cp or the Nuclear Antigen BamHI Fragment W Region 

Promoter, Wp promoter; the different EBNAs are encoded by individual mRNAs generated by differential splicing of the 

same long primary transcript. The inner shorter arrowed blue line represents the EBNA1 transcript originating from the 

Nuclear Antigen BamHI Fragment Q Region Promoter, Qp promoter during Lat I and Lat II. Transcripts from the BamA 

region can be detected during latent infection, but no protein arising from this region has been definitively identified. 

Shown here are the locations of the Zero Rightward Frame in Bam H1 Fragment A, BARF0 and the First Rightward Frame 

in Bam H1 Fragment A, BARF1 coding regions. 
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Epstein-Barr Virus nuclear antigen 1 (EBNA1) is the only EBV protein expressed 

in all latent infections (Oudejans et al., 1996). EBNA1 dimers bind to multiple 

cognate DNA repeats in the oriP segment of the EBV genome, thereby 

enhancing EBV episome replication, long-term persistence, and transcription 

(Frappier and O'Donnell, 1992; Middleton and Sugden, 1992; Rawlins et al., 

1985). EBNA1 also interacts with two sites downstream of Qp to negatively 

regulate its own expression (Nonkwelo et al., 1996). EBNA1 acts as a 

transcriptional transactivator and upregulates Cp and the LMP1 promoter 

(Rickinson, 2002).  

 

Epstein-Barr Virus nuclear antigen 2 (EBNA2) is a transcriptional activator of 

both cellular and viral genes, and upregulates the expression of certain B-cell  

antigens,  including CD21 and CD23, as well as LMP1 and LMP2 (Wang et al., 

1987). EBNA2 also transactivates the Cp promoter, thereby inducing the switch 

from Wp to Cp observed early in B-cell infection. EBNA2 interacts with a 

ubiquitous DNA-binding protein, RBP-Jκ, and this is partly responsible for 

targeting EBNA2 to promoters that contain cognate Jκ sequence (Grossman et 

al., 1994). The RBP-Jκ homologue  in Drosophila  is  involved  in  signal 

transduction from the Notch receptor, a pathway that  is  important  in  cell  fate 

determination  in Drosophila  and has  also been  implicated  in the development 

of T-cell tumours in humans (Artavanis-Tsakonas et al., 1995). Recent work 

demonstrates that EBNA2 can functionally replace the intracellular region of 

Notch (Sakai et al., 1998). The c-myc oncogene is also a transcriptional target of 

EBNA2, an effect that is likely to be important for EBV-induced B-cell proliferation 

(Kaiser et al., 1999).  

 

Epstein-Barr Virus nuclear antigen 3C (EBNA3C), also called EBNA6, has been 

reported to bind Rb in vitro and enhance transformation of rat embryo fibroblasts 

by ras. EBNA3C also transactivated the B-myb promoter in an E2F-dependent 

manner, which suggests that EBNA3C can inactivate Rb, releasing free E2F 

(Parker et al., 1996). A second EBV gene product, EBNA5, is reported to bind 



Introduction 

9 

p53 and Rb in vitro and to colocalize with Rb in the cell (Szekely et al., 1993; 

Szekely et al., 1995). The functional significance of this interaction is unknown 

(Szekely et al., 1995; Inman and Farrell, 1995).  Both EBNA3C and EBNA5 lack 

the LXCXE motif found in other viral proteins which bind the Rb pocket. It is 

possible that either of these latency genes can contribute to cellular 

transformation if it is able to bind Rb in vivo; however, viral DNA synthesis, which 

occurs in productively infected cells, would not be affected. 

 

The function of Latent membrane protein 1 (LMP1) has been implicated that 

there are at least four signalling pathways: namely NF-κB, JNK/AP-1, p38/MAPK 

and  JAK/STAT related to (Eliopoulos and Young, 1998; Eliopoulos et al., 1999).  

Within  the C-terminus of LMP1  there  are  at  least  two  activating  regions, 

referred  to  as CTAR1  and CTAR2  (C-terminal activating  regions  1  and  2). 

CTAR1 is located proximal to the membrane (amino acids 186-231) and is 

essential for EBV-mediated transformation of primary B cells. CTAR2 (amino 

acids 351-386) is located at the extreme C-terminus of LMP1 and is required for 

long-term growth of EBV in B cells (Izumi and Kieff, 1997). Activation of these 

signaling pathways was the indication of the importance of LMP1 in aberrant cell 

signalling.  

 

In contrast to latent gene, EBV infection of epithelial cells is usually productive 

and results in cell lysis. Immunosuppression, however, may trigger reactivation of 

the virus in latently infected B cells, which leads to productive infection. It is 

thought that the First Leftward Frame in Bam H1 Fragment Z (BZLF1), the First 

Leftward Frame in Bam H1 Fragment R (BRLF1), the First Leftward Frame in 

Bam H1 Fragment S and the First Leftward Frame in Bam H1 Fragment M 

(BSLF2+BMLF1) combine to switch on the next stage (delayed early) of the 

productive cycle cascade of gene expression. This switch to a replicative pattern 

of viral gene expression can be mimicked by treating latently infected cells with 

phorbol ester (Datta et al., 1980; zur Hausen et al., 1978) or immunoglobulin G 

(IgG) antibody (Takada, 1984). Upon reactivation, the two key EBV immediate-
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early (IE) lytic genes, BZLF1, and BRLF1, are expressed (Takada and Ono, 

1989). These genes encode transactivators which activate viral and cellular 

promoters and lead to an ordered cascade of viral gene expression (Sinclair et al., 

1991). Expression of the BZLF1 gene product, Z (also called Zta or EB1), alone 

is sufficient to activate the EBV lytic cascade (Countryman and Miller, 1985). 

Recent studies implicate Z in regulation of cellular proliferation. Z can bind p53 

and inactivate p53-mediated transactivation functions in transient assays (Zhang 

et al., 1994), and expression of Z in some epithelial tumor cell lines causes 

G0/G1 arrest in a p53-dependent manner. Expression of Z in these cells also 

results in upregulation of the cyclin-dependent kinase inhibitors p21 and p27, 

which causes accumulation of the hypophosphorylated form of Rb (Cayrol and 

Flemington, 1996). The Epstein-Barr virus immediate-early gene product, BMLF1, 

appears to transactivate several different promoters when linked to the 

heterologous chloramphenicol acetyltransferase (CAT) gene (Chevallier-Greco et 

al., 1989; Lieberman et al., 1986; Wong and Levine, 1986). Kenney, S (Kenney 

et al., 1989) reported that the BMLF1 gene product can increase CAT activity 

directed by the human immunodeficiency virus promoter and demonstrated that 

the mechanism of transactivation by BMLF1 may be at least partly 

posttranscriptional, since the steady state level of human immunodeficiency 

virus-CAT mRNA was not affected to the extent that CAT activity was increased.  

 

The gene product of the First Rightward Frame in Bam H1 Fragment N (BNRF1), 

nonglycosylated membrane protein 1, also designated EBV major tegument 

protein, is representative of orphan EBV tegument proteins (Johannsen et al., 

2004).  R. Feederle et.al (Feederle et al., 2006), described the phenotype of an 

EBV viral mutant devoid of the BNRF1 gene. They found that BNRF1 plays no 

obvious role in DNA replication or viral maturation but is important for efficient 

infection and transformation of primary B cells. And they confirmed that BNRF1 

was required for viral transfer from the endosome/lysosome compartment to the 

nucleus. 
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Representative EBV genes were chosen for this study: latent genes, EBNA1, 

EBNA2, EBNA3C, LMP1; immediately early genes, BMLF1 and BZLF1; 

tegument protein gene, BNRF1. 

 

1.3  Hemophagocytic lymphohistiocytosis and Epstein-Barr Virus 

 

EBV infects the majority of the human population and establishes life-long 

persistence in memory cells (Thorley-Lawson and Gross, 2004). The infection is 

usually benign but may occasionally be associated with pathogenic 

consequences. Thus if infection is delayed until adolescence, it results in acute 

infectious mononucleosis (AIM) in 20-50% of cases (Vetsika and Callan, 2004).  

AIM is a self-limiting lymphoproliferative disease characterized by fever, 

lymphadenopathy, and fatigue that may continue for weeks or months, and it has 

been suggested that AIM may permanently alter or impair the immune response 

(Sauce et al., 2006). So EBV has been linked with a wide variety of benign and 

malignant diseases affecting both lymphoid and epithelial tissues, such as 

infectious mononucleosis, Hodgkin’s disease, Burkitt’s lymphoma, 

nasopharyngeal carcinoma, immunodeficiency-associated lymphomas, and 

several others (Rickinson, 1998). In 1989, the authors first reported that HLH in 

Taiwan actually represents a lethal form of primary Epstein-Barr virus (EBV) 

infection or infectious mononucleosis (Su et al., 1989). This report gained further 

support from Kawaguchi and colleagues in Japan (Kawaguchi et al., 1993). In 

Western countries, a similar disease entity, the X-linked lymphoproliferative 

disorder (XLP), occurred in young boy and runs a fatal course in response to 

EBV infection (Masucci et al., 1981). EBV usually infects B cells and induces a 

specific cytotoxic T-cell immune response or infectious mononucleosis. (Ebihara 

et al., 1990) However, the most unexpected finding in HLH is the demonstration 

that EBV consistently infects T lymphocytes, mostly CD8 T cells and less 

frequently CD4 T cells or natural killer (NK) cells (Kawaguchi et al., 1993) . The 

author found that involvement of T lymphoid cells was determined by in situ 

hybridization using 35S-labeled RNA probes specific for the small EBV-encoded 
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nuclear RNAs, EBER1 and EBER2, in combination with immunostaining for the 

TCR-beta chain, CD45RO, CD20, CD30 and CD68 antigens in three cases. The 

majority of lymphoid cells showing EBER transcripts were stained by antibodies 

against CD45RO and T cell receptor-beta. In contrast, EBER-specific signals 

were not detectable on B cells or hemophagocytic cells.  

 

1.4 Aim of the study  

 

Studies investigating the prescence of EBV genes in different cell types might 

help us better understand the mechanism of HLH and might lead to the 

identification of novel therapeutic targets on HLH.  

 

In light of above observations, we raised the following questions: 

 

 Are EBV genes differently present in patients with acute and chronic HLH 

and patients with HLH during remission? 

 Are EBV genes detected in different cells derived from healthy donors?  

 Which cell types bear EBV? Are NK, CTL and histiocytes from HLH 

patients and healthy donors? 

To answer these questions, patients’ blood samples were tested phenotypically 

by routine flow cytometry, functionally by natural killer cell analysis and plasma 

cytokines including sCD25. Mononuclear cells were used to establish 

spontaneous B cell lines as well as IL-2 activated T/NK-cell lines and 

hemophagocytic dendritic cells. Comparable cell populations were set up from 

healthy donors. Genomic DNA was prepared from whole blood as well as from 

cell-free plasma samples. Single cells of the different cell types were used to 

perform PCR. Different genes of EBV were tested. 
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2 Patients, materials and methods 

 

2.1 Patients  

 

As part of our diagnostic work in patients with likely HLH studied EBV infection in 

whole blood, isolated mononuclear cells, cultured cells and plasma upon request 

of the physician taking care of the individual patient. Ten patients with HLH (aged 

from 1 to 62 years old; 4/10 males, 6/10 females), fulfilling the clinical as well as 

laboratory criteria (Henter et al., 2007). 

 

2.2 Healthy donors 

 

Blood of Healthy donor controls was obtained as Buffy Coat preparation 

anonymized by the DRK-BLUTSPENDEDIENST BADEN-WÜRTTEMBERG- 

HESSEN, Institute Ulm. 

 

2.3 Purification of DNA 

 

Genomic DNA was purified from whole blood as well as from cell-free plasma 

samples according to manufacturer’s instructions: Pipette 20µl QIAGEN Protease 

(QIAGEN, Germany) into the bottom of 1.5ml microcentrifuge tubes. Add 200µl 

samples (whole blood, cell sediments or plasma) to the microcentrifuge tubes 

and add 200µl buffer AL (QIAGEN, Germany) to the samples. Mix them by pulse-

vortexing for 15s. Incubate them at 56°C for 10min. Briefly centrifuge the 1.5ml 

microcentrifuge tubes to remove drops from the inside of the lids. Then add 200µl 

ethanol (96-100%) to the sample, and mix again by pulse-vortexing for 15s. After 

mixing, briefly centrifuge the 1.5ml microcentrifuge tubes to remove drops from 

the inside of the lids. Carefully apply the mixture to the QIAamp Mini spin 

columns (QIAGEN, Germany) without wetting the rim. Close the caps, and 

centrifuge at 8000rpm for 1min. Place the QIAamp Mini spin columns in clean 

2ml collection tubes, and discard the tubes containing the filtrate. Carefully open 
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the QIAamp Mini spin columns and add 500µl Buffer AW1 (QIAGEN, Germany) 

without wetting the rim. Close the caps and centrifuge at 8000rpm for 1min. 

Place the QIAamp Mini spin column in other clean 2ml collection tubes, and 

discard the collection tubes containing the filtrate. Carefully open the QIAamp 

Mini spin columns and add 500µl Buffer AW2 (QIAGEN, Germany) without 

wetting the rim. Close the caps and centrifuge at full speed 14,000rpm for 3min. 

Place the QIAamp Mini spin columns in new 2ml collection tubes and discard the 

old collection tubes with the filtrate. Centrifuge at full speed for 1min. Place the 

QIAamp Mini spin columns in clean 1.5ml microcentrifuge tubes and discard the 

collection tubes containing the filtrate. Carefully open the QIAamp Mini spin 

columns and add 200µl Buffer AE (QIAGEN, Germany). Incubate at room 

temperature for 1min, and then centrifuge at 8000rpm for 1min. The 

concentration and the purity of DNA were determined by NanoDrop ND-1000 

(NanoDrop Technologies, Wilmington, DE, USA). 

 

2.4 Single and Multiplex PCR for EBV detection 

 

All of the primers were synthesized by Thermo Scientific Company, Germany, 

and the specific information of the primers used in this study showed in Table 1. 

Table 1 Primers in the study. 

BNRF, the First Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-

Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; 

EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; ALAS1, 

Aminolevulinate Delta, Synthase 1; bp, base pairs. 

Target gene Sequence Length Location in 

genomic gene 

References 

BNRF1  Sense 5'-GGAACCTGGTCATCCTTGC-3' 74bp 4733-4753 (Niesters et al., 

2000)  

 Anti-sense 5'-ACGTGCATGGACCGGTTAAT-3' 

    

 4695-4679  

EBNA2 Sense 5'-CCAGAGGTAAGTGGACTT-3' 124bp 14614-14631 (Saito et al., 1989)  

 Anti-sense 5'-GACCGGTGCCTTCTTAGG-3' 

  

 14735-14718  

EBNA1 Sense 5'-GTCATCATCATCCGGGTCTC-3' 220bp 96822-96841 (Telenti et al., 

1990)  

 Anti-sense 5'-TTCGGGTTGGAACCTCCTTG-3' 

  

 97091-97072  
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LMP1 Sense 5'-GACATGGTAATGCCTAGAAG-3' 259bp 168130–168149 (Midgley et al., 

2003)  

 Anti-sense 5'-GCGACTCTGCTGGAAATGAT-3'  

  

 168389–168370  

BMLF Sense 5'-CACCACCTTGTTTTGACGGG-3' 304bp 83037-83056 (Pedneault and 

Katz, 1993)  

 Anti-sense 5'-GTCAACCAACAAGGACACAT-3' 

   

 83340-83321  

EBNA3C Sense 5'-CAATCGCACCTGCAAGCGCTA-3'   518bp 100362–100383 (Midgley et al., 

2003)  

 Anti-sense 5'-GACACCCATGAAACGCACGAAATC-3' 

    

 100806–100785  

BZLF1  Sense 5'-ATTGCACCTTGCCGCCACCTTTG-3' 608bp 103194-103180 (Luo et al., 2005)  

 Anti-sense 5'-CGGCATTTTCTGGAAGCCACCCGA-3'

  

 102486-102463  

ALAS1 Sense 5’-CTGGGGCAGGTGGTACTAGA-3’ 804bp ALAS11161-

1180 

Designed by 

Primer3 input0.4.0  

 Anti-sense 5’-TCATTGTGGCGGAAGATGTA-3’   ALAS1 1417-

1397 

online software 

 

Thaw 2× QIAGEN Multiplex PCR Master Mix (QIAGEN, Germany), 5× Q-

Solution (QIAGEN, Germany), template DNA, RNase-free water, and primers as 

Table 1 described. DNA from Namalwa cell line (donated by Michael Pawlita, 

DKFZ, Heidelberg) as positive control and from Jurkat cell line (original from 

ATCC) as negative control line were performed in every experiment. Mix the 

solutions completely before use. Prepare a reaction mix according to Table 2. 

Mix the reaction mixture thoroughly and dispense 24.5µl into each PCR tube. 

Add template DNA to the individual PCR tubes containing the reaction mix. Place 

the PCR tubes in the Palm-Cycler 96 PCR machine (Corbett Robotics, Australia) 

and start the Multiplex-PCR-EBV Program as follows: Initial activation step, 

HotStarTaq DNA Polymerase is activated by the heating step 95°C 15 min, 45 

cycles of denaturation 94°C 30s, annealing 62 °C 90s and extension 72 °C 90s, 

1 cycle of final extension at 72°C for 10min, 
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Table 2. Single and Multiplex PCR reaction Mix.

PCR, Polymerase Chain Reaction; RNase, ribonuclease; DNA, Deoxyribonucleic Acid. 

Single PCR mix Multiplex PCR mix 

Reagents each tube (µl) Reagents each tube (µl) 

2× Qiagen Reaction Mix 12.5 2× Qiagen Reaction Mix 12.5 

5× Q-Solution  5 5× Q-Solution 5 

2µM primers 2.5 10× Primermix, 2µM each primer 2.5 

RNase-free water 4.5 RNase-free water 4.5 

Template DNA 0.5 Template DNA 0.5 

Total volume 25 Total volume 25 

 

2.5 Detection and analysis of PCR products 

 

After PCR program finished, put 6× loading dye Solution (Fermentas, Germany) 

into the PCR products. Prepare electrophoresis running buffer (1× TBE) and 

8%PAGE gel into Vertical Electrophoresis System (BRL Life Technologies, Inc. 

USA). Load samples and DNA Molecular Weight Markers (QIAGEN, Germany) 

onto every well for electrophoresis, 250V, 30min. After gel running, take out the 

gel for silver nitrate staining. Put the PAGE gel into 50ml 0.1% silver nitrate 

(Sigma, USA) and stain for 10min. Wash the gel with 50ml pure water once. 

Dissolve 3 NaOH (Merck, Germany) drops in 50ml water, add 150µl 

formaldehyde (Sigma, USA) into it, put the gel into this solution and then stain for 

10min. Wash the gel with 50ml water 2 times and take pictures by Nikon 4500 

(Nikon, Japan). The intensity value of every band was analyzed by Gaussian 

modeling method from the software Quantity One 4.6.2 (Bio-Rad Laboratories, 

USA). The correction value of specific gene was quantified by calculating the 

housekeeping gene from the following formula:  intensity value of specific gene/ 

intensity value of housekeeping gene. 

 

2.6 Plasma sampling and sCD25 determination 

 

Plasma sampling was performed daily using EDTA and Na-Heparin anti-

coagulated blood. The sCD25 (Austin, Texas, USA) detection protocol was 

applied for the quatitative determinations for the concentration of soluble CD25 in 
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plasma by fully automated sandwich chemiluminescent assay (DPC-Siemens, 

www.dpc-siemens.de ) as described in publication (Schneider et al., 2002). Serial 

dilutions of cytokine standards were prepared with human serum standard diluent.  

 

2.7 Hoechst staining 

 

Prepare single cell suspension in PBS with the concentration of 5×106cells/ml, 

Add Hoechst dye staining solution 100× (Sigma, USA) to the cell solution, final 

concentration 1× and incubate at 37°C for 15 minutes. Stained nuclei are visible 

using Fluorescence microscope Olympus IX71 (Olympus, Europe) with cell 

detecting system, Measure the fluorescence at 352nm/400-500nm 

(Absorbtion/Emmision) (Olympus, Europe). 

 

2.8 Single cell spotting 

 

Prepare a cell reservoir with the density of 2x105cells/ml under IX71 inverted 

research microscope, focus the cells and the tip of Custom Tip type III capillary 

(25um) (Eppendorf, Hamburg Germany), which was controlled by 2D Cellector 

software (MMI, Switzerland) and connected with a pump (Eppendorf, Germany). 

Mark the cell which you want to get and then click ‘acquire’ to catch the one 

single cell. After acquiring the one cell successfully, deposit the cell (100nl per 

well) onto the Ampligrid 480F (Advalytix, Germany), which was prewetted by 1µl 

water per well. Check every well of Ampligrid one by one after spotting and let 

the cell dry on the Ampligrid. The cells stained by Hoechst could also be checked 

by the fluorescence at 352nm/400-500nm (Absorbtion/Emmision). 

 

2.9 Generation of B cell, IL-2 activated T/NK-cell lines and hemophagocytic 

dendritic cells 

According to the protocol from the publication (Schneider et al., 2002), IL-2 

propagated  NK cells, NAL (non-adherent lymphocytes) from PBMC were 

activated by 103IU/ml recombinant IL-2 (Proleukin, Cetus, Germany), 10%FCS 
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(Sigma, USA), 100U/ml Penicillin-streptomycin (Invitrogen Gibco-BRL, Karlsruhe), 

RPMI1640 (Invitrogen Gibco-BRL, Karlsruhe) for 72 hours. To get 

hemophagocytic dendritic cells, monocytes from PBMCs were cultured in 

10%FCS, 100U/ml Penicillin-streptomycin RPMI1640 for 14-28 days. To 

establish spontaneous B cell lines, NALs were cultured in RPMI1640 medium 

containing 10%FCS, 100U/ml Penicillin-streptomycin RPMI 1640 for 20 days. 

Establish activated T/NK-cell lines with 1%PHA, 10%FCS, 100U/ml Penicillin-

streptomycin RPMI1640 for 72 hours. 

 

2.10 Single cell Multiplex PCR for EBV detection 

 

Put 1µl primer (0.5pmol/µl) mix as described earlier on the slide, which had been 

spotted with cells, 37ºC until it became dry. Prepared AmpliGrid cell extration kit 

(Advalytix, Germany) reaction mix according to Table 3. 

 

Pipette 0.75µl CEK on every well of dry Ampligrids, which had been spotted with 

cells and primer mix. Then quickly cover 0.75µl CEK with 5µl sealing solution 

(Advalytix, Germany) on every sample, and then run CEK program on 

AmpliSpeed as Table 4. 

Table 4.  cell extraction kit (CEK) program 

Step1 Step2 Step3 

05:00 02:00 Hold 

75 ºC 95ºC 22ºC 

 

 

 

Table 3.  Cell extration  reaction mix 

AmpliGrid cell extration kit mix 0.75µl /well 

Number of reactions 56 

Lysis Enzyme 0.7µl 

10× Lysis Buffer 4.2µl 

Nuclease free water 37.1µl 

Total 42µl 
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Prepare PCR master mix as Table 5. 

 

After CEK program finished, put 0.75µl PCR master mix into the oil on every well, 

change tips every time. Run PCR program on AmpliSpeed as mentioned above 

Multiplex-PCR-EBV Program. 

 

 

 

Table 5.  PCR master mix for single cell PCR

PCR, Polymerase Chain Reaction.  

PCR master mix  0.75µl /well 

Number of reactions 56 

Mastermix  0.67µl 

Q-solution 0.08µl 

Total 42µl 
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3 Results 

 

3.1  Establishment of quantification of the multiplex PCR  for EBV gene 

detection 

 

In this study, we developed a method for simultaneous detection of Epstein-Barr 

virus from Namalwa cell line. This method consists of multiplex PCR amplification 

to simultaneously detect EBNA1, EBNA2, EBNA3c, BNRF1, LMP1, BMLF1 and 

BZLF1 EBV genomes, and human gene Aminolevulinate, delta, synthase 1 

(ALAS1) that are expected to be present in a single sample. Since false-negative 

results and low sensitivity are inherent problems in a virus detection system due 

to varying DNA quality or handling errors, an internal positive control was 

included in our experiments, the ALAS1 gene was amplified as a human genomic 

internal control. Accurate reading of the multiplex PCR products with high 

resolution and high sensitivity can be made by electrophoresis with PAGE, 

staining with 0.1% silver nitrate and analysis using Quantity One software. 

 

The multiplex PCR primers (sequences shown in Table 1) were designed to 

specifically and simultaneously amplify different viral genes and human ALAS1 

present in a single specimen. Total genomic DNA harvested from Namalwa cell 

line, EBV-infected B-lymphoma cell lines were used as DNA templates for 

individual PCR amplification reactions using the sets of primers listed in Table 1. 

The viral gene products of the individual PCR reactions were confirmed by PAGE 

electrophoresis to ensure the correct lengths of the respective target fragments 

and to confirm the presence of EBV genomes in Namalwa cell line. Both single 

PCR and multiplex PCR reactions could successfully detect the correct 804bp 

fragments for ALAS1 housekeeping gene control, the correct 608bp fragments 

for EBV BZLF1, the correct 518bp fragments for EBV EBNA3C, the correct 

304bp fragments for EBV BMLF1, the correct 269bp fragments for EBV EBNA1, 

the correct 259bp fragments for EBV LMP1, the correct 124bp fragments for EBV 

EBNA2 and the correct 74bp fragments for EBV BNRF1 (Figure 3). Thus, no 
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nonspecific products were detected in all PCR amplifications, demonstrating the 

high specificities of primer sets for viral genes. The PCR results were analyzed 

by Quantity One software and the intensity of the bands was measured by the 

area under its Gaussian-fitted profile and shown in Figure 3 B, which showed 

different amplification between single PCR and Multiplex PCR reactions, but after 

the final determination (Figure 3 C) by internal control genes, ALAS-1, correction 

values of the target genes in the Multiplex PCR reactions were shown the same 

as in the single PCR reactions. This suggests that our quantity multiplex PCR 

accurately determined the viral geonomic copies was established successfully for 

EBV detection and could accurately determine the sensitivity evaluation of this 

study. 
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A   Multiplex and single PCR 
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Figure 3. Establishment of quantification multiplex PCR  for EBV detection 

(A) Multiplex PCR and single PCR were performed using primers against ALAS-1 (804bp), EBNA-1 (124bp), EBNA-2 

(269bp), EBNA-3c (518bp), BNRF1 (74bp), LMP1 (259bp), BMLF1 (304bp), and BZLF1 (608bp) by DNA sample from 

Namalwa cell line. PCR amplification was analyzed on an 8% PAGE gel stained by 0.1% silver nitrate. (B) The quantities 

of all the target bands in lanes were analyzed by Quantity One software and calculated by the area under its Gaussian-

fitted profile. (C) The correction values of all the target genes were determined by internal control genes, ALAS-1. BNRF, 

the First Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr 

Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; 

EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; ALAS1, 

Aminolevulinate Delta, Synthase 1; bp, base pairs; PAGE, polyacrylamide gel electrophoresis. 
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3.2 Evaluation of EBV genes in DNA samples from healthy donor blood 

 

To address the question of whether our assay system has diagnostic value for 

epidemiological studies, we utilized known an EBV-infected B-lymphoma cell line, 

Namalwa cell line (DNA NO. 3666) to detect viral DNA by multiplex PCR and 

EBV-uninfected T-lymphoma, Jurkat cell line (DNA NO. 3602)  as an EBV-

negative control cell line. DNA harvested from these cells was mixed with a 

primer mixture consisting of specific primer sets for EBNA1, EBNA2, EBNA3c, 

BNRF1, LMP1, BMLF1 and BZLF1 EBV genomes, and internal control ALAS1 

genes, and multiplex PCR was performed as described in Materials and Methods. 

Amplified viral gene fragments were separated using a PAGE electrophoresis 

system and analyzed using Quantity One software. In Namalwa cell line that is 

infected with EBV, the multiplex PCR products specific for all of EBV genomes 

were accurately detected by our assay system (Figure 4 A1 DNA NO. 3666 and 

A2 DNA NO. 3666). In the negative control DNA template, EBV-uninfected T-

lymphoma Jurkat cell line, did not show any bands except for a band of internal 

control (Figure 4 A1 DNA NO. 3602 and A2 DNA NO. 3602).  

 

It is well known that EBV establishes a life-long persistent infection in more than 

90% of the population worldwide. Next, to determine whether our multiplex PCR 

assay is applicable to clinical specimens, genomic DNA from healthy donors’ 

buffy coat blood were subjected to the PCR using the sets of primers listed in 

Table 1. Total genomic DNA prepared from 18 healthy donors’ Buffy coat blood 

samples were used as DNA templates for PCR, giving positive results (Figure 4 

A1 and A2). The efficacy and specificity of multiplex PCR were demonstrated by 

detection of the respective products with a 269bp size (EBNA1) and a 74bp size 

(BNRF1) in all of the 18 healthy donors’ buffy coat blood. A 304bp size (BMLF1) 

were found in 5/18 (27.8%), a 518bp size (EBNA3c) in 2/18(11.1%), a 608bp size 

(BZLF1), a 259bp size (LMP1) and a 124bp size EBNA2 in 0/18, (Figure 4 A1 

Gel 1 and A2 Gel 2). The Correction Values of all the target genes determined by 

housekeeping gene control were also shown the strange patterns in these 
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healthy donors (Figure 4 B), confirmed with the gel results. These data provided 

clues to further investigate EBV states in HLH patients, which were reported that 

the prognosis was related to EBV infection. These results in Figure 4 A and B 

indicate that our multiplex PCR test is highly specific and sensitive and that no 

nonspecific amplification among different samples is observed, implying that our 

detection system can be used as a diagnostic tool. 
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A1) Gel 1: PCR results from healthy donors’ DNA           A2) Gel 2: PCR results from healthy donors’ DNA 

DNA NO. 

 

 

 

 

 

 

 

 

 

B The Correction Values of the target genes, EBNA1, EBNA2, EBNA3C, BNRF1, LMP1, BMLF1, and BZLF1. 
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Figure 4. Evaluation of EBV genes in DNA samples from healthy donor blood. (A1 and A2) Multiplex PCR were 

performed using primers against ALAS-1 (804bp), EBNA-1 (124bp), EBNA-2 (269bp), EBNA-3c (518bp), BNRF1 (74bp), 

LMP1 (259bp), BMLF1 (304bp), and BZLF1 (608bp) by DNA samples from 18 healthy donors, DNA samples from 

Namalwa cell line as positive control and DNA samples from Jurkat cell line as negative control. PCR amplification was 

analyzed on an 8% PAGE gel stained by 0.1% silver nitrate. (B) The quantification of all the target bands in lanes were 

analyzed by Quantity One software and calculated by the area under its Gaussian-fitted profile and then the correction 

values of all the target genes were determined by internal control genes, ALAS-1 determined by internal control genes, 

ALAS-1 as described above. BNRF, the First Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus 

Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First 

Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward 

Frame in Bam H1 Fragment Z; ALAS1, Aminolevulinate Delta, Synthase 1; bp, base pairs; CV, correction values, PAGE, 

polyacrylamide gel electrophoresis. 

 

 

3.3  Evaluation of concentration of sCD25 in plasma and EBV genomes in 

DNA samples from 9 patients with histories of acute, chronic, 

convalescent and recurrent HLH 

 

As the alpha chain of the soluble interleukin-2 receptor (sCD25) is a valuable 

disease marker of HLH, which was shown high concentration of plasma sCD25 

in active disease status, medium high concentration of plasma sCD25 in chronic 

disease but low concentration (less than 2400U/ml) in remission. Plasma 

samples from 9 patients with histotories of acute, chronic and recurrent HLH 

were subjected to an automated chemiluminescent assay for the determination of 

the concentration of sCD25.  

 

To investigate the relationship between the disease and EBV infection, correction 

values of EBV genomes (as described above) of paired samples from patients’ 

blood and concentration of plasma sCD25 were compared. 

 

A female patient GS, born on 22.05.1992, was diagnosed with EBV positive HLH 

at her 14 years old and had suffered from the disease for 2 years. This patient 

with acute and recurrent HLH showed elevations of sCD25 that returned toward 

normal during her remission. During her acute, recurrent status of HLH (Figure 5), 

we could detect almost all of the EBV target genes from her blood, but during her 
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remission with normal plasma sCD25, date of sampling on 14. 05. 2004, we only 

found EBNA1, BMLF1 and BNRF1 in her blood, which could also been detected 

in DNA samples from healthy donors (Figure 4). 

 

Figure 5. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient GS 

with a 2-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

One female patient LF, born on 10.11.2003, was diagnosed with four-year-history 

of HLH. Suffering from the attack of her first acute HLH with high concentration of 

plasma sCD25 on 05.04.2004 (Figure 6), she got a chronic HLH which showed 

medium elevations of sCD25 that returned toward normal during her remission. 

EBNA1 and BNRF1 could be found in her DNA samples during her long disease 

history, and BMLF1 could be detected once in her chronic disease phase 

(medium high of plasma sCD25 on 24.06.2004. But BZLF1, EBNA3C and LMP1 

almost could not been detected in this patient during her HLH history of whole. 
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Figure 6. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient LF 

with a 4-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

A female patient OL, born on 20.12.1993, was diagnosed with HLH at her 9 

years old and had suffered from the disease for 4 years. During those years she 

showed acute, chronic, convalescent and recurrent HLH with high or medium 

elevations of sCD25 toward normal (Figure 7), and more BZLF1, EBNA3C, 

BMLF1, LMP1 and EBNA2 were found in her DNA samples compared to DNA 

samples from healthy donors and her convalescent status. EBNA1 and BNRF1 

were present in her DNA samples as normal healthy donors described above. 
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Figure 7. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient OL 

with a 4-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

A female patient MC, born on 20.11.1998, was diagnosed with HLH at her 7 

years old and had suffered from the disease for 3 years. After her first recurrence 

of HLH shown high concentration of sCD25 in plasma (Figure 8), she had been 

detected BZLF1 and EBNA3C in her DNA samples from 03.08.2005 to 

12.01.2006, more interestingly, these two EBV genes disappeared when she got 

a remission of the disease on 14.07.2006. LMP1 and EBNA2 didn’t show any 

distinct relationships to the disease. EBNA1, BMLF1 and BNRF1 still existed in 

her DNA samples as normal healthy donors described above. 
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Figure 8. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient MC 

with a 3-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

A male patient OF, born on 21.08.1999, was diagnosed with EBV positive HLH at 

his 3 years old and had suffered from a chronic HLH for 6 years and he got an 

active recurrence of HLH with high plasma sCD25 on 18.02.2008 (Figure 9). But 

we didn’t find any different EBV genes in his recurrence except for much of 

BZLF1 and EBNA3C present in his first attack of HLH. EBNA1, BMLF1 and 

BNRF1 still existed in his DNA samples as normal healthy donors described 

above. 
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Figure 9. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient OF 

with a 6-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

OF’s elder sister, patient OR, born on 11.08.1997, was also diagnosed with EBV 

positive HLH at her 6 years old. But different from the OF described in Figure 9, 

much more BZLF1 and EBNA3C were found in her DNA samples from acute 

HLH with high concentration of plasma sCD25 (Figure 10) compared to DNA 

samples from healthy donors and her remission. Much LMP1 was detected on 

05.08.2003 at her recurrence with high plasma sCD25. BMLF1, EBNA1 and 

BNRF1 were present in her DNA samples as normal healthy donors described 

above.  
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Figure 10. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient OR, 

the sister of patient OF, with a 3-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First 

Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus 

Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; 

EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction 

values. 

 

One male patient FK, born on 26.03.1993, had been suffered from acute, chronic 

and recurrent HLH for 11 years. The concentration of his plasma sCD25 

fluctuated along his history of progression. The EBV target genes, EBNA1, 

EBNA2, EBNA3c, BNRF1, LMP1, BMLF1 and BZLF1 had been continuingly 

present in his DNA samples not only from blood but also from plasma during his 

every stage of the disease (Figure 11). Several bone marrow transplantations 

failed not only to clear the disease but also the EBV virus in his body. 
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Figure 11. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from blood and 

plasma from patient FK with a 11-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First 

Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus 

Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; 

EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction 

values. 
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One female patient RV, born on 20.09.2002, was diagnosed with EBV positive 

HLH five years ago. After having been successfully treated with chemotherapy of 

the disease, on 24.05.2004 he had developed an acute exacerbation recurrence 

of HLH, with fever, pancytopenia, splenomegaly, haemophagocytosis in bone 

marrow, hypertriglyzerides 347mg/dl (normal 50-170mg/dl), sCD25 8358U/ml  

but we found more EBNA3C, BMLF1 and EBNA1 EBV genomes in her DNA 

samples on 24..01.2004 ahead of 4-month-recurrence (Figure 12). Four months 

after the onset of this second HLH disorder, during treatment with antibiotics 

Fortum, Tobramycin and Vancomycin, the patient developed liver disease and 

severe hemophagocytosis, with manifestation as fever, pancytopenia, 

hepatosplenomegaly, bilirubin 2.7mg/dl (normal less than 1.1mg/dl), GOT 122U/L 

(normal 15-19U/L), GPT 105U/L (normal 19-23U/L), hypertriglyzerides 306mg/dl, 

sCD25 19070U/ml, increased level of Ferritin and haemophagocytosis in bone 

marrow, and we also found more EBNA3C, BMLF1 and EBNA-1 EBV genomes 

in her DNA samples on  26.08.2004. An allograft of lymphocytes from an HLA-

identical was then performed. Sustained remission of hemophagocytosis and 

blood chimerism were obtained and now the patient is alive and disease-free 48 

months after transplantation, we could not detect BZLF1, EBNA3C and LMP1 

anymore, but less BMLF1, EBNA1, EBNA2 and BNRF1. 
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Figure 12. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient RV 

with a 6-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

Patient RV’s sister RC, as RV’s bone marrow donor, her DNA was subjected to 

perform multiplex analysis for EBV detection shown in BMLF1, EBNA1 and 

BNRF1 present in her DNA samples as normal healthy donors described above 

(Figure 13), compared with the PCR results from patient RV on 24.05.2004 

(Figure 12) which showed more EBNA3C but less EBNA2 than those from RC. 

Their blood samples were sampled on the same day 24.05.2004. 
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Figure 13. Evaluation of EBV genes in DNA samples from patient RV and his bone marrow donor, the sister of RV. 

BNRF, the First Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, 

Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 

Fragment M; EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; 

CV, correction values. 

 

An old male patient RP, born on 25.05.1946, was diagnosed with EBV positive 

HLH with high plasma sCD25 (Figure 14). During his first attack (12.12.2006), 

second (24.01.2007) and third (19.07.2007) acute recurrence of HLH, more 

BZLF1 was detected. But fewer relationships between other EBV genes and the 

concentration of sCD25 were found. 
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Figure 14. Evaluation of the concentration of sCD25 in plasma and EBV genes in DNA samples from patient RP 

with a 2-year-history of acute, chronic, convalescent and recurrent HLH. BNRF, the First Rightward Frame in Bam 

H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, 

Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus 

Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 

 

 

 

3.4 Identification of EBV genes in DC, LAK and NAL 

 

Analyzing of the above cases, we hope to further investigate whether these EBV 

genes were present in different types of cells.  Infected target cells being killed by 

NK cells and CTL is well known a requirement for the host response and control 

of various infectious agents that are processed for antigen presentation by 

macrophages. The lack of NK cell regulation of macrophages, activated by 

various infectious agents, is hypothesized to lead to further activation and 

proliferation followed by increase in cytokine release and recruitment and 

proliferation of additional lymphocytes and inflammatory cells. Here, infections 

always are thought as triggers but we don’t know whether DC, NK cells and CTL 
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could be infected by EBV and then cause an uncontrollable disease. In order to 

clarify this, we investigated whether different genes recruited in different cells. 

We analyzed DCs (Figure 13 A & D), LAK (Figure 13 B & E), and NAL cells 

(Figure 13 C & F) from an acute HLH patient and a healthy donor control, the 

characteristics of these cells were also analyzed by FACS (data not show) (Safak 

Akan, 2008). DNA of LAK, DC and PB from a male HLH patient (Key Pat NO. 

#9375) and a healthy donor (Key Pat NO. #9077) was investigated. Very 

interesting data were shown in Table 6 that more EBV target genes, especially, 

BZLF1 and EBNA3C, which had been analyzed in cases above, were present in 

NAL and LAK from the HLH patient compared to those from the healthy donor. At 

the same time, we found that EBV genes, BMLF1, EBNA1, EBNA2 and BNRF1 

were present not only in NAL, LAK and DC from HLH patient but also from the 

healthy donor. LMP1 could not be detected in DNA from these different types of 

cells. These interesting data inspired us to further investigate the proportion of 

these EBV target genes were present in infected cells of normal cells. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Identification of EBV genes in DC, LAK and NAL cells  

(A) Hemophagocytic dendritic cell stained with May Grünwald-Giemsa, (B) NAL stained with May Grünwald-Giemsa, (C) 

LAK stained with May Grünwald-Giemsa, (D) DCs stained with Hoechst, (E) NAL stained with Hoechst and (F) LAK 

stained with Hoechst (40× maglification).  
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3.5  Establishment of single cell spotting and single cell multiplex PCR with 

quality control 

 

To establish a single cell spotting system, an IX71 inverted research microscope 

was directed automated CellEctor 2D (Figure 14 A), which was connected with a 

capillary (Figure 14 B), with 25μm diameter. Prepared a cell reservoir 

(2x105cells/ml) for spotting under 20× magnification (Figure 14 C) and acquired 

one single cell by the capillary (Figure 14 D), deposited the cell to anchor of the 

Ampligrids, which was pre-wetted by 1μl pure water, made sure that there was 

one single cell on every hoped anchor (Figure 14 E), and then applied the 

spotted slide for the multiplex PCR system as method said. After immobilizing of 

multiplex primers mix on the slide and lysing the single cell on every anchor, 

PCR program was performed and PCR amplifications was analyzed on an 8% 

PAGE gel stained by 0.1% silver nitrate. Figure 14 G showed that the positive 

control, from Namalwa individual cell, was successfully amplified the 

housekeeping gene ALAS-1 (804bp), and EBV target genes, EBNA-1 (124bp), 

EBNA-2 (269bp), EBNA-3c (518bp), BNRF1 (74bp), LMP1 (259bp), BMLF1 

(304bp), and BZLF1 (608bp) on every one single cell well. Figure 14 H showed 

that the negative control, from Jurkat individual cell, was successfully amplified 

the housekeeping gene ALAS-1, but not EBV target genes on every one single 

cell well. These data demonstrates we successfully established a single cell 

Table 6 The CV of EBV target genes in DNA samples origin from DCs, LAK and NAL by multiplex PCR 

DC, dendritic cells; LAK, IL-2 activated killer; NAL, non activated lymphocytes; BNRF, the First Rightward Frame in Bam H1 Fragment 

Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; 

BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward 

Frame in Bam H1 Fragment Z; CV, correction values. 

Key Pat. NO. Orgin of DNA    DNA NO. BZLF1 EBNA3c BMLF1 EBNA1 LMP1 EBNA2 BNRF1 

#9375 

NAL 3838 0.071 0.472 2.456 0.823 0 0 1.991 

LAK 3799 0.598 0.425 1.524 0.201 0 0.325 1.477 

 DC 3805 0 0 1.952 0.524 0 0 1.458 

#9077 

NAL 3728 0 0 0.046 1.237 0 0.071 0.254 

LAK 3713 0 0 1.458 1.152 0 0.128 2.593 

 DC 3897 0 0 0.237 0 0 0.194 1.571 
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multiplex PCR system with fine quality control, which could be available for the 

EBV detection on the platform of single cell. 

 
 

G  PCR results from single Namalwa cell                                      H  PCR results from single Jurkat cell 

 

 

 

 

 

 

 

Figure 16 Establishment of single cell spotting and single cell multiplex PCR with quality control 

(A) IX71 inverted research microscope directed automated CellEctor 2D; (B) A capillary connected with the automated 

CellEctor 2D; (C) Cell reservoir (2×105 cells/ml) prepared for spotting (20× magnification); (D) Acquisition of an individual 
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cell; (E) Deposition of the cell to anchor of the AmpliGrid, which was pre-wetted by 1μl pure water; (F) Check the spotted 

cell till it dried on the slide, under 16× magnification, by the fluorescence at 352nm/400-500nm (Abs/Em); (G) Single cell 

Multiplex PCR were performed using primers against ALAS-1 (804bp), EBNA-1 (124bp), EBNA-2 (269bp), EBNA-3c 

(518bp), BNRF1 (74bp), LMP1 (259bp), BMLF1 (304bp), and BZLF1 (608bp) by single Namalwa cell and (H) by single 

Jurkat cell. PCR amplification was analyzed on an 8% PAGE gel stained by 0.1% silver nitrate. 

 

3.6  Detection of EBV target genes in DC, LAK and NAL cells from a patient 

with acute HLH by multiplex single cell PCR system 

 

To find out the proportion of EBV-infected target cells in normal cell populations, 

the above multiplex single cell PCR system was utilized with quality control, 

Namalwa cell line as positive control, Jurkat cell line as negative control and 

ALAS1 housekeeping gene as PCR internal control. Fine quality control working 

could be accepted as available results every time. We spotted individual DC, 

NAL and LAK, which were from an acute HLH patient (Key Pat NO. #9307), a 

one and a half year old male, and a healthy donor (Key Pat NO. #9078)  on every 

different well of Ampligrids, run multiplex single cell PCR protocol and then check 

the PCR products by 8% PAGE silver staining system. The data shown in Table 

13 said that BZLF1, EBNA-3c, BMLF1, EBNA-1 and BNRF1 in more than 5/10 

individual NAL and IL-2 propagated lymphoblasts and in 1/10 individual 

hemophagocytes, LMP1 and EBNA2 in less than 1/10 individual NAL, LAK and 

DC. When testing these target genes in healthy donors, we found neither virus 

specific PCR products in cultured dendritic cells, nor in non-adherent 

lymphocytes, but only EBNA1 and BNRF1 were present in 2/10 IL-2 activated 

lymphoblasts. The quality control, Namalwa cell line positive control, Jurkat cell 

line negative control and house keeping gene ALAS1 was amplified successfully 

in all of the spotted cells. 
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Table 7 The proportion of target genes in differentl cell populations.

DC, dendritic cells; LAK, IL-2 activated killer; NAL, non activated lymphocytes; BNRF, the First Rightward Frame in Bam H1 

Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent 

Membrane Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus Nuclear 

Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z. 

Key. Pat 

NO.  

Type of 

cells ALAS1 BZLF1 EBNA3c BMLF1 EBNA1 LMP1 EBNA2 BNRF1 

#9307 

 

NAL  10/10 5/10 5/10 8/10 8/10 1/10 1/10 9/10 

LAK  10/10 5/10 5/10 7/10 8/10 1/10 1/10 8/10 

DCs 10/10 1/10 1/10 1/10 1/10 0/10 0/10 2/10 

#9078 

 

NAL  10/10 0/10 0/10 0/10 0/10 0/10 0/10 1/10 

LAK  10/10 0/10 0/10 0/10 2/10 0/10 0/10 2/10 

DCs 10/10 0/10 0/10 0/10 0/10 0/10 0/10 1/10 
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4 Discussion 

 

4.1  Multiplex PCR for EBV genome detection 

 

In this study, we developed a multiplex PCR assay that is capable of 

simultaneously detecting all seven EBV genomes from a single specimen with 

excellent specificity and sensitivity. The target viral genes, EBNA3C EBNA1, 

EBNA2 and LMP1 for EBV’s of latent membrane protein genes, BZLF1 and 

BMLF1 for EBV’s of immediately early genes, and BNRF1 for major tegument 

protein gene, of amplification products in the multiplex PCR assay were chosen 

because they encode important proteins functioning in viral pathogenesis and 

their sequences are highly conserved across sub-strains of the same herpesvirus. 

EBNA3C EBNA1, EBNA2 and LMP1 are consistently EBV-associated tumors, 

and these latent antigens are essential for maintenance of the viral episome and 

viral DNA replication. One of main advantages of a PCR-based pathogen 

detection method is the high sensitivity. For this reason, multiplex PCR has been 

used for monitoring of viral pathogens, and several groups have developed 

multiplex PCR-based methods for detection of human herpesviruses using 

nested PCR (Hudnall et al., 2004; Pozo and Tenorio, 1999), restriction enzyme 

digestion of PCR products (Johnson et al., 2000; Rozenberg and Lebon, 1991), 

stair primers (Robert et al., 2002), or hybridization with a DNA array system 

(Foldes-Papp et al., 2004) Especially, Hudnall et al. (Hudnall et al., 2004) 

developed the nested PCR assay for detection of all eight herpesviruses and 

their approach yielded high sensitivities of 10-100 virus copies even using a 

crude DNA sample containing 0.5mg of human genomic DNA. The microarray-

based diagnosis procedure established by Foldes-Papp et al. (Foldes-Papp et al., 

2004) is also a sensitive method with a lower limit of 100 viral copies per ml 

sample. Our multiplex PCR method is thought to have similar sensitivity to the 

above methods. Thus, our assay system will enable us to perform high 

throughput and cost-effective screening, compared with serological diagnosis 

tools, such as in situ hybridization, ELISA, immunoblotting assay. Therefore, our 
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assay can provide more specific and clinically useful information about virus 

reactivation and latency status. Using EBV-infected B-lymphoma cells (Namalwa 

cell line), we demonstrated that multiplex PCR products specific for the 

respective target genes, EBNA3C EBNA1, EBNA2 and LMP1 for EBV of latent 

membrane protein genes, BZLF1 and BMLF1 for EBV of immediately early 

genes, and BNRF1 and an internal control gene, ALAS1, were accurately 

amplified and detected in these cells by our assay system (Figure 3 A).  

 

4.2 Evaluations of EBV genomes in healthy donors 

 

EBV are ubiquitous viruses that infect the majority of the human population. 

The seroprevalence of EBV has been reported to be more than 90% in a normal 

adult population (Numazaki and Chiba, 1997). These data were obtained by 

serologicalmethods for detecting viral antigens by ELISA, IFA, and 

immunoblotting. Higher values of rates of infections with these viruses are 

generally obtained when serum or plasma is used as a sample using serological 

diagnosis, in comparison with estimation by a PCR method. (Maeda et al., 1999) 

measured copy numbers of EBV in PBLs from EBV-seropositive and EBV-

seronegative healthy individuals in Japan by a PCR method and found that the 

EBV genome was present in 47% of seropositive donors (n=19) but not in 

seronegative healthy donors (n=4). In the present study, EBNA1 and BNRF1 

were found in 18/18 (100%), BMLF1 in 5/18 (27.8%), EBNA3c in 2/18(11.1%), 

but BZLF1, LMP1 and EBNA2 in 0/18 (Figure 4) of DNA samples from general 

health population. These differences might be due to the fact that estimation of 

viral load by PCR is influenced by chronic active infection (i.e., latent infection) 

and reactive infection. Moreover, PCR results may vary between laboratories due 

to choice of blood components, primers, and amplification schemes, suggesting 

that general application requires standardization. On the other hand, the 

following possibility should be noted. It is well known that 1-2 cells per 105 PBLs 

are infected with EBV in the healthy population (1 cell per 103-104 PBLs in the 

case of infectious mononucleosis (IM) and that the amount of total DNA from 
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2.5×105 PBLs is approximately 1μg. We used 1μg of genomic DNA, equivalent to 

total DNA from 2.5×105 PBLs, as a PCR template. These estimations suggest 

that, in this study, viral DNA from only 2.5 to 5 cells infected with EBV (i.e. 2.5-50 

EBV genome copies) has been subjected to our multiplex PCR assay. But our 

assay for EBV is sensitive enough to detect the rates for EBV-positive donors 

estimated by other reported PCR methods have been lower than the 

seropositivity rates, that is, over 90% in the normal population. 

 

Interestingly, the different EBV genomes were detected with different frequency 

in CMV positive and negative PBLs shown in Table 8. 

EBNA1 and BNRF1 were detected in 9/9 (100%), BMLF1 in 3/9 (33.3%), 

EBNA3c in 1/9(11.1%), but BZLF1, LMP1 and EBNA2 in 0/9 respectively (Figure 

4). The significant association between EBV positive population and infection 

with other herpesviruses supports the hypothesis that EBV latent infection 

provides early indications of infections or reactivations of other herpesviruses. 

One of reasons for multiple infections might be that these herpesviruses, alone or 

associated with other viruses, can escape from host immune system and 

manipulate host functions under immunocompromised conditions. In addition, 

dual herpesvirus infection can result in a synergistic effect on viral expression for 

counter regulation of the host immune system. However, in our study, intrinsic 

Table 8 Detection of different EBV genomes in CMV positive and negative buffy coat from healthy donors. 

EBV, Epstein-Barr Virus; CMV, Cytomegalovirus; BNRF, the First Rightward Frame in Bam H1 Fragment Z; EBNA2, 

Epstein-Barr Virus Nuclear Antigen 2; EBNA1, Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane 

Protein 1; BMLF1, the First Leftward Frame in Bam H1 Fragment M; EBNA3C, Epstein-Barr Virus Nuclear Antigen 

3C; BZLF1, the First Leftward Frame in Bam H1 Fragment Z; CV, correction values. 
EBV genes CMV (positive) CMV (negative) 

BZLF1 0/9 0/9 

EBNA3C 1/9 0/9 

BMLF1 3/9 2/9 

EBNA1 9/9 9/9 

LMP1 0/9 0/9 

EBNA2 0/9 0/9 

BNRF1 0/9 0/9 
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infection status (i.e., balance between latent infection and reactive infection) in 

the blood donors who supplied specimens for the multiplex PCR assay was not 

addressed. Further study is needed to determine the relationship between 

seropositivity and load of viral DNA in PBLs from sero-negative and positive 

populations. The strange recruitments of EBV target genes in these donors 

inspired our interests to investigate the precense of these genes in patients with 

familial hemophagocytic lymphohistiocytosis disorder, which were reported that 

EBV infections may elicit a bout of the disease in genetically predisposed 

individuals(Henter et al., 1993).  

 

4.3 EBV genomes in DNA samples from patients with HLH  

 

As the alpha chain of the soluble interleukin-2 receptor (sCD25) is a valuable 

disease marker of HLH, which was shown high concentration of plasma sCD25 

in active disease status, medium high concentration of plasma sCD25 in chronic 

disease but low concentration (less than 2400U/ml) in remission (Komp et al., 

1989a). Plasma samples from 9 patients with histotories of acute, chronic and 

recurrent HLH were subjected to an automated chemiluminescent assay for the 

determination of the concentration of sCD25. To investigate the relationship 

between the disease and EBV infection, correction values of EBV genomes (as 

described above) of paired samples from patients’ blood and concentration of 

plasma sCD25 were compared. 

 

The patient GS with acute and recurrent HLH showed elevations of sCD25 that 

returned toward normal during her remission. During her acute, recurrent status 

of HLH (Figure 5), we could detect almost all of the EBV genomes from her blood, 

but during her remission with normal plasma sCD25, date of sampling on 14. 05. 

2004, we only found EBNA1, BMLF1 and BNRF1 in her blood, which could also 

been detected in DNA samples from healthy donors (Figure 4).  
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Much of BZLF1, EBNA3C could be detected in these patients, OL (Figure 7), MC 

(Figure 8) and FK (Figure 11) with acute or recurrent HLH. EBNA1, BMLF1 and 

BNRF1 continuingly existed in their DNA samples as normal healthy donors 

described above. 

 

OF (Figure 9), OF’s elder sister OR (Figure 10) suffered mutations in the gene 

UNC13D (17q25), the encoded protein Munc13-4, which impair granule 

exocytosis after docking at the membrane (Figure 1), also caused FHLH 

(Feldmann et al., 2003).  EBV genes could be detected as other HLH patients 

described above. 

 

But BZLF1, EBNA3C and LMP1 almost could not be detected in Patient LF 

(Figure 6), who suffered mutations in PFR1, the encoded protein PFR1, (Stepp et 

al., 1999) lead to impaired perforin production and cytolytic effector molecules 

cannot be introduced into the target cell, thereby triggering apoptosis (Figure 1), 

during her four-year-history of HLH. We guessed that there was a mechanism for 

virus loading with PFR1 mutations. 

 

Much of EBNA3C EBV genomes were also found in the patient RV with acute 

and recurrent HLH (Figure 12), who suffered mutations in RAB27A, which 

associates with Munc 13-4, the complex seems to be a key effector of cytotoxic 

granule (Bizario et al., 2004)(Figure 1). But her sister, the healthy donor of RV, 

suffered the same mutations in RAB27A did not show much EBNA3C 

recruitments. Both RV and RC didn’t show much of BZLF1 recruitments although 

EBNA1, BMLF1 and BNRF1 continuingly existed in their DNA samples as normal 

healthy donors described above.  

 

For the old patient RP with EBV positive HLH (Figure 14), BZLF1 was detected 

during his first attack (12.12.2006), second (24.01.2007) and third (19.07.2007) 

acute recurrence of HLH. But fewer relationships between other EBV genes and 

the concentration of sCD25 were found. 
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Summarized the PCR results from these 9 typical cases with active HLH and 19 

healthy donors (18 from buffy coat and 1 from BMT donor) in Table 9, we found 

that BZLF1 and EBNA3C might be dangerous signals of active HLH because 

both of these two genes appeared to correlate with active HLH and high 

concentration of sCD25 including patients with mutations in the gene UNC13D or 

RAB27A, but both of these genes did not show up in patient with PFR1 mutations. 

The EBV genes, BMLF1, EBNA1 and BNRF1, which were also normal present in 

DNA samples from healthy donors, did not show any relationships to the 

progression of HLH disease. Relationships of LMP1, EBNA2 genes and the 

disease should be further investigated. 

 

Table 9 Summary of PCR results from clinical cases with active HLH and healthy donors

BNRF, the First Rightward Frame in Bam H1 Fragment Z; EBNA2, Epstein-Barr Virus Nuclear Antigen 2; EBNA1, 

Epstein-Barr Virus Nuclear Antigen 1; LMP1, Latent Membrane Protein 1; BMLF1, the First Leftward Frame in Bam 

H1 Fragment M; EBNA3C, Epstein-Barr Virus Nuclear Antigen 3C; BZLF1, the First Leftward Frame in Bam H1 

Fragment Z; *EBV gene was not found in one patient with PFR1 mutations. 

EBV genes Active HLH (n=9) Healthy donors (n=19) 

BZLF1 8/9* 0/19 

EBNA3C 7/9* 2/19 

BMLF1 9/9 6/19 

EBNA1 9/9 19/19 

LMP1 5/9* 0/19 

EBNA2 5/9 1/19 

BNRF1 9/9 19/19 

 

The BZLF1 protein, EBV immediate-early protein, is a key protein for switching 

from latent to lytic EBV infection. The BZLF1 protein plays roles in both viral 

replication and transcription as an oriLyt binding protein and as a transactivator, 

respectively. Thus, it can mediate the switch between the latent and lytic forms of 

EBV infection and alone is sufficient to activate the EBV lytic cascade 

(Hammerschmidt and Sugden, 1988). It comprises two specific domains: one 

responsible for transactivation and the other for DNA-binding/dimerisation. The 

protein activates its target genes by binding to BZLF1 responsive elements 

(ZRE), which are similar to AP1 sites and are present in many of the EBV early 

gene promoters as well as in the promoters of the two immediate-early genes, 
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BZLF1 itself and BRLF1 (Packham et al., 1990). It binds as a homodimer to ZRE 

sites and its binding to DNA is modified by phosphorylation. While the 

mechanisms by which the BZLF1 protein functions to fulfil its essential role in the 

replication process are not currently understood, it may recruit viral replication 

proteins such as the BMRF1 Pol accessory subunit (Zhang et al., 1996), and the 

helicase-primase complex(Gao et al., 1998), forming a viral initiation complex at 

oriLyt. Moreover, the BZLF1 protein interacts with the CREB-binding protein 

(CBP) in a functional manner to activate EBV early gene expression (Adamson 

and Kenney, 1999). CBP itself possesses histone acetylase activity and functions 

as a coactivator for several cellular transcriptional activators. In addition to the 

role in inducing early transcription, this interaction could potentially be required 

for histone acetylation near oriLyt ZRE sites, thereby weakening the association 

of histones and oriLyt and allowing access of the replication machinery.  

 

However, more recent studies have begun to suggest a role for EBNA3C in 

directly binding and regulating critical cell cycle proteins. EBNA3C was shown to 

regulate retinoblastoma (pRb)modulated pathways and to drive cells through the 

G1/S restriction point (Parker et al., 1996). More recently, it was demonstrated 

that EBNA3C can target the SCF-Skp2 (S-phase kinase-associated protein 2) 

complex, thereby regulating the activity and stability of cyclin A/cdk2 and pRb 

complexes (Knight and Robertson, 2004; Knight et al., 2004; Knight et al., 2005). 

They further explored the possible regulation of c-Myc, a critical cell cycle 

modulator and a known substrate of the SCF-Skp2 complex (Kelly and Siebenlist, 

1985, 1986; Klein, 1986a, b). It has been shown recently that c-Myc and Skp2 

can cooperate in c-Myc-regulated transcription (Jin and Harper, 2003; Kim et al., 

2003; von der Lehr et al., 2003a; von der Lehr et al., 2003b). Bharat G. Bajaj 

reported that the same domain of EBNA3C, amino acids 130 to 190, which bind 

to Skp2, also can strongly associate with c-Myc (Bajaj et al., 2008). The 

interaction of EBNA3C with c-Myc was mapped to the highly conserved Skp2 

binding region within the amino terminus of c-Myc. The oncoprotein c-Myc has 

shown a broad relationship with the Skp2 ubiquitin ligase (Jin and Harper, 2003; 
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Kim et al., 2003; von der Lehr et al., 2003a; von der Lehr et al., 2003b). For 

example, the monoubiquitylation of c-Myc by Skp2 at a hitherto unidentified site 

can activate the transcription of c-Myc target genes(Vervoorts et al., 2006). 

Polyubiquitylation, however, targets the molecule for proteasomal degradation 

(Vervoorts et al., 2006). Using pulse-chase experiments, we show that EBNA3C 

can stabilize c-Myc. This domain of EBNA3C also recruits and modulates the 

activity of pRb and p27, both major regulators of the mammalian cell cycle 

(Knight and Robertson, 2004; Knight et al., 2004; Knight et al., 2005) The 

inclusion of c-Myc in the group of proteins modulated by this region further 

demonstrates the importance of this region of EBNA3C in regulating the cell 

cycle in EBV infections.  

In our data, we could not answer how BZLF1 or EBNA3C bind its target genes to 

activate lymphocytes and dendritic cells, which could express CD25, a marker of 

activated lymphocytes. As described above, we found that BZLF1 and EBNA3C 

appeared to correlate with active HLH and high concentration of sCD25, the 

higher concentration of sCD25 in plasma, the more BZLF1 and EBNA3C in DNA 

samples from HLH patients. That means, the recruitments of BZLF1 and 

EBNA3C gene in cells could not only tell an active EBV infection but also an 

active HLH.  

Analyzing of the above cases, we hoped to further investigate whether these 

EBV genes were present in different types of cells.  The types of cells infected by 

EBV could be considered as a reason that the immune system could not restrict 

the progression of the disease. There is a balance between activation and 

inhibition of immune response, and the regulatory T cells, which are potent 

immunosuppressive cells active in controlling normal pathological immune 

response, are the most important regulators handling the immune response. It is 

hypothesized that regulatory T cells are infected by EBV, leads to their activation 

and apoptosis, and then could not inhibit other activated lymphocytes. Obviously, 

It is meaningful to analyze which types of cells are infected by EBV during the 

progression of HLH, and then to tell the severity of the disease. That is why we 
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did the assay of Table 6, which showed EBV target genes were recruited in NAL, 

LAK and DC differently, more EBV target genes, especially, BZLF1 and EBNA3C 

in NAL and LAK from the HLH patient.  Here, NAL, LAK and DC of the HLH 

patient infected with EBV could not function as normal immune cells and then 

their activation by BZLF1 and EBNA3C might trigger the disease HLH. 

 

4.4 Making sense of HLH: cellular and molecular mechanisms 

 

Upon triggering of the immune system with an (infectious) agent, histiocytes 

(macrophages and dendritic cells), NK cells and CTLs are activated and mutually 

stimulate each other. This concerted action leads to killing of the infected cell, 

removal of antigen and termination of the immune response. Defective cytotoxic 

activity not only impairs the elimination of cellular targets expressing antigens, 

but also the down-regulation of the immune response. When NK, CTL and 

histiocytes infected by EBV, the defective immune function could not eliminate 

the virus immediately, but the sustained precence of EBV in NK, CTL and 

histiocytes, especially BZLF1, which plays roles in both viral replication and 

transcription as an oriLyt binding protein and as a transactivator, and EBNA3C, 

which regulates retinoblastoma (pRb)-modulated pathways and to drive cells 

through the G1/S restriction point, leads to further activation and proliferation 

followed by increase in cytokine release and recruitment and proliferation of 

additional lymphocytes and inflammatory cells. Maybe that’s why we could detect 

these genes in many active HLH patients as described above. At this moment, 

the EBV infected NK and CTL failed not only to kill target cells, which is a 

requirement for the host response and control of various infectious agents that 

are processed for antigen presentation by macrophages and dendritic cells, but 

also failed to talk with macrophages and dendritic cells, which was mediated by 

the feedback secretion of inhibitor cytokines, such as IL-10, TGF-β, TNF-α and 

CD95 ligand. Then NK, CTL, macrophages and dendritic cells can’t know where 

and when they were during their working and lost their directions, and the result 

was the accumulation of lymphohistiocytic infiltrates into organs, including the 
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perivascular spaces and meninges of the brain, with associated organ damage 

as well as the systemic signs of hypercytokinemia. In other words, EBV infection 

triggered the immune system, but could not control the immune response and 

resulted in the exausting of immune function. 

 

The molecular causes of hemophagocytic lymphohistiocytosis (HLH) disorders 

related to cytolytic granule formation and NK/CTL function (Figure 1). Now, you 

might have a question about why a family history is often negative in HLH 

patients with genetic defects. I may answer that the mechanism of HLH is so 

complicated that the EBV triggers and genetic defects are only two aspects of it. 

There are more infections which could also trigger the progression of the disease, 

such as cytomegalovirus (CMV), parvovirus B19, human herpesvirus-6, herpes 

simplex virus and other infections should also be considered. The amounts of 

virus infected could be considered as a reason that the disease progressed to be 

uncontrollable. So it is significant to detect the quantity of virus in blood and in 

cells. 

 

The propotion of cells infected by EBV could help us to understand why some 

HLH patients need the transplantion of lymphocytes from healthy donor to control 

the disease. It is easy to image that more cells infected, more cells activated and 

then more exhausting of the immune system. The patients need more 

functionally lymphocytes to inhibit the activated NK, CTL and histiocytes and then 

regulate immune response. In acute HLH patients, there were more lymphocytes 

infected by EBV compared to those from healthy donors (Table 7) Therefore, it is 

quite valuable to investigate HLH in single cell level, which might be an indication 

to make a new therapeutic plan.for the HLH patients. 

 

4.5 Conclusions and future directions 

 

The HLH disorders represent an increasingly complex group of genetically 

diverse conditions. The molecular elucidation of some of these rare disorders has 
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added significantly to our understanding of their pathophysiology as well as to the 

immunobiology of lymphocyte/histiocyte crosstalk and regulation. Furthermore, 

international clinical trials have provided strong evidence for the effectiveness of 

early recognition and initiation of treatment of these patients as well as the role of 

HSCT as a curative treatment modality. Despite these impressive 

accomplishments, only about 50% of all patients with severe disease are cured 

and some of those cures must be qualified in terms of the significant, adverse 

sequelae related to the primary disease and/or treatment (Sung et al., 2002).  

 

Important and immediate challenges include improved therapeutic regimens to 

achieve disease remission as well as more effective and less toxic HSCT 

approaches. Advances in both of these areas should lessen the need to develop 

salvage regimens, although that will likely remain a substantial need as well. The 

use of gene transfer into hematopoietic stem cells or into lymphoid stem cells 

would also appear to be a reasonable therapeutic approach, despite some of the 

drawbacks reported thus far in the use of gene therapy to treat patients with 

immunodeficiencies (Pike-Overzet et al., 2007; Thrasher et al., 2006).  

Identification of the key important genes from infection genes, such as BZLF1 

and EBNA3C in our study, which triggered the progession of the disease, may be 

one of the gene therapeutic targets. Gene therapy offers the opportunity to 

deliver agents that might directly interfere with the function of specific EBV genes. 

Further, the observation that IL-2 stimulation of lymphocytes from patients with 

syntaxin 11 mutations can result in a partial correction of the cytolytic defect 

offers the possibility that alternative approaches to circumventing some of the 

cytolytic granule defect in the familial HLH disorders may be possible (Bryceson 

et al., 2007).  

 

The identification of additional genes involved in HLH will also continue to 

provide a deeper understanding of these disorders and a more extensive battery 

of definitive diagnostic tests and prenatal counseling. As with many disorders, 

early and accurate diagnosis represents the most important initial step in the 
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initiation of definitive therapy. It can only be hoped that such advances will 

provide the knowledge to allow physicians to first think of HLH as a diagnostic 

possibility, rapidly establish the diagnosis and then initiate appropriate therapy in 

a timely fashion. Diagnostic and therapeutic paralysis on the part of physicians 

usually has dire consequences for patients with HLH. 
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5 Summary 

 

Hemophagocytic lymphohistiocytosis (HLH), a rare disorder primarily of 

childhood, typically presents with fever, hepatosplenomegaly, lymphadenopathy, 

and sometimes vague or dramatic central nervous system (CNS) dysfunction. 

Leading triggering agents in HLH are viruses of the herpes group, especially 

Epstein-Barrvirus (EBV). In addition to high concentrations of cytokines, states of 

EBV-infected T/NK cells appear to play a role in the development of EBV-

associated HLH. Since EBV establishes a life-long persistent infection in more 

than 90% of the population worldwide, it is necessary to know how EBV may be 

related to HLH. We investiged 9 patients with histories of acute, chronic, and 

recurrent HLH, the relationships between the valuable disease marker of HLH, 

the concentration of soluble Cluster of Differentiation antigen (sCD25) in their 

plasma from different time points, and the EBV target genes, Epstein-Barrvirus 

nuclear antigen 1 (EBNA1), EBNA2, EBNA3C, EBV lytic activation 1 (BZLF1), 

BMLF1, Nonglycosylated membrane protein 1 (BNRF1) and latent membrane 

protein 1 (LMP1) of paired samples from these 9 patients. Our results 

demonstrated that BZLF1 and EBNA3c genes were present in active HLH 

patients, which are found in whole blood, and isolated cells concomitantly with 

high concentration of plasma sCD25.  

The precences of EBV genes in natural killer cells (NK), cytolytic T-lymphocyte 

(CTL) and hemophagocytic dendritic cells, so-called histiocytes may cause a 

functional disturbance. The current approach successfully established single cell 

multiplex PCR from activated and in-vitro propagated NK-T-cells, as well as from 

cultured histiocytes using a microscope-based single cell selection device, and 

AmpliGrid Slidecycler and poly-acrylamid gel elelctrophoresis followed by relative 

quantificytion of the PCR product. EBV encoded genes were detected in cells 

and plasma to a variant amount. The identification of BZLF1 and EBNA3c was 

most prominent in NAL, DCs and LAK from the HLH patients and was higher 

than in the healthy donors. On the cellular level, we found that 5/10 NAL, 5/10 

NK and 1/10 Histiocytes positive for BZLF1 and EBNA3C in an active HLH 
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patient and 0/10 NAL, 0/10 NK and 0/10 dendritic cells (DC) in a healthy donor, 

using multiplex single cell PCR.  

In conclusion: BZLF1 and EBNA3c genes were associated with active HLH. 

Single cell PCR appears to be a prominent set up be applied for the contributuion 

of EBV in HLH as well as other diseases including tumor manifestation.
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