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ABSTRACT
Kaposi’s sarcoma (KS) studies 
The present studies are based on archival, formalin-fixed and paraffin-embedded (FFPE) surgical 
KS biopsies and sera from the Muhimbili National Hospital (MNH, Dar es Salaam, Tanzania) at 
early and late tumor stages of AKS and African endemic (EKS) cases with cutaneous and oral 
(OKS) lesions from male, female, adult and juvenile KS patients. 
KS histopathological and immunohistochemical (IHC) studies (papers I-III) by single, double 
and/or triple antibody immunofluorescence (IFA) showed that: a) LANA+/CD34- cells were more 
frequent in early as compared to late KS and most of them expressed LEC markers LYVE-1, D2-
40 and VEGFR-3, suggesting that the resident LECs represent an early target of primary HHV-8 
infection; b) LANA+/CD34-/LYVE-1+ cells decreased from early (25%) to late (4%) KS while 
LANA+/CD34+ SC increased suggesting a phenotype switch from LEC to VEC, c) LANA 
appeared better correlated to LYVE-1 (LEC) than to CD34 (VEC) expression suggesting 
heterogeneous SC permissiveness to HHV-8 (paper I),  d) the number of HHV-8 infected 
(LANA+) SC (CD34+) cells as well as LANA+ granules per SC nucleus was significantly higher 
in male vs. female, juvenile vs. adult and oral AKS [OAKS] vs. cutaneous KS lesions; e) 
similarly, tumor cell proliferation (Ki-67 immunoreactivity) in adult OAKS was significantly 
higher for male vs. female, juvenile vs. adult and OAKS vs. cutaneous KS lesions respectively; f) 
a positive correlation was apparently found between LANA+ SC and Ki-67 immunoreactivity 
(paper II). Together these findings suggest that tumor proliferation correlates with increasing 
HHV-8 LANA expression supporting the notion of viral (LANA)-driven cell proliferation during 
KS oncogenesis (paper II); g) a significantly higher viral load was also seen by quantitative RT-
PCR in late nodular OAKS compared with cutaneous AKS lesions corroborating IHC results and 
indicating that the oral cavity is important for entry and/or reservoir for HHV-8 infection (papers
II & III); h) the frequency of LANA+ SC in the tumor increases during the evolution of both 
cutaneous and oral KS lesions, suggesting a correlation between tumor growth and viral 
replication in the lesions, however, by RT-PCR, we observed that serum viral loads appeared to 
decrease in the corresponding patients whereas (paper III) all sera from early stage (patch-plaque) 
KS were positive for anti-HHV-8 antibodies while all HHV-8 negative sera were from late-stage 
nodular KS patients (paper IV). This supports our novel notion of a stage-dependent tissue-serum 
discrepancy in viral loads and HHV-8 antigen expression probably due to virus tissue retention, 
immune-segregation and/or selective clearance. Thus serum HHV-8 viral loads may not be 
sufficient for clinical and therapeutic prognostication (papers III & IV); i) the frequency of 
HHV-8 infection was high among the studied MNH cases and as expected, HHV-8 and HIV 
infection was more associated with KS compared to non-KS tumors and non-neoplastic 
conditions; j) the findings by IFA and ELISA had a high HHV-8 diagnostic concordance although 
ELISA seemed to have higher positive predictive value (PPV), specificity as well as a high 
sensitivity allowing more affordable HHV-8 screening in a resource-constrained country like 
Tanzania (paper IV). These findings also indicate the importance of routine HHV-8 screening 
among blood/organ donors to prevent transmission as well as in prospective transplant recipients 
to predict and possibly prevent iatrogenic KS (IKS) development (paper IV). 
Malignant lymphoma (ML) studies 
ML are second to KS as AIDS-related malignancies and have been reported to increase steadily 
with the HIV pandemic particularly in sub-Saharan Africa including Tanzania. The WHO 
classification, HIV and EBV association as well as ploidy and heterogeneity of diffuse large B-
cell lymphoma (DLBCL) in Tanzania is not well documented. Our current study (paper V) has 
established that the WHO classification of lymphoid neoplasms can apparently be applied for the 
diagnosis of Tanzanian ML. Extranodal presentation of ML was frequent particularly for T-cell 
lymphomas (TCL). Diffuse large B-cell lymphoma (DLBCL) phenotype heterogeneity and 
frequency at MNH (Tanzania) was similar to that observed in Western countries suggesting 
applicability of similar, diagnostic, prognostic and therapeutic approaches (paper V). The attended 
ML at MNH had frequent aneuploidy, EBV infection as well as high DNA indices and cell 
proliferation (Ki-67). HIV infection was apparently associated with increased ML cell 
proliferation (paper V).
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1. BACKGROUND 
1.1 HIV epidemiology 
In 2005 the human immunodeficiency virus (HIV) has infected nearly 5 million and killed more 
than 3 million people globally and hit sub-Saharan regions the hardest, although major epidemics 
are now transpiring in Asia, Eastern Europe, and the Caribbean [1]. In Tanzania the national HIV 
prevalence has increased to a peak of 8.1% in 1995, and gradually decreased to 6.5% in 2004 which 
is expected to stabilize until 2010 whereas the urban HIV epidemic increased to 12.6% in 1992 and 
is expected to level to between 10.9% and 11.8% from 2003 to 2010 [2]. It is furthermore predicted 
that the number of new infections in Tanzania will increase to reach 250,000 per year in 2010 and 
deaths due to AIDS started in 1985 and will rise steadily to reach 120,000 deaths in 2010, with 
more females dying than men [2].  

1.2 HIV pathogenesis
HIV belongs to the lentiviruses or "slow viruses” subgroup of retroviruses which exhibits a long 
interval between initial infection and the onset of serious symptoms [3]. Thus after a long 
asymptomatic period of variable duration, HIV infection results in lowered immunity with 
increased susceptibility to new and/or normally latent infections and opportunistic tumors [4]  
characteristic for the late stage called acquired immune deficiency syndrome (AIDS). HIV 
immunosuppression includes the lytic infection and eventual depletion of CD4+ T cells which are 
the primary targets of HIV as well as that of other immune system cells with CD4 molecules on 
their surfaces [5]. HIV is also able to down-modulate the major histocompatibility complex class I 
(MHC-1) receptors and to compromise natural Killer (NK) cell functions [6]. The almost unique 
HIV-1 Vpu viral protein has two major functions, namely: degradation in the endoplasmic 
reticulum of the CD4 molecule and enhancement of virion release from cells [7]. The resulting 
progressive HIV immunosuppression as well as other associated viral, host and environmental 
factors, allow the development and/or reactivation of latent opportunistic infections including that 
of the oncogenic human herpesvirus type 8 (HHV-8) and the Epstein-Barr virus (EBV) and related 
opportunistic tumors such as Kaposi’s sarcoma (KS) or AIDS-associated KS (AKS) and malignant 
lymphoma (ML), or AIDS-related lymphoma (ARL) [4, 8, 9]. The viral (HIV) factors promoting 
oncogenesis include cross-talk or transactivation with HHV-8 by the HIV transactivating (Tat) 
protein which is also angiogenic and recruiting endothelial spindle cells (SC) in KS tumorigenesis 
[10-12].

1.3 HIV oncology globally and in Africa 
Depending on the region, 25-40% of HIV-1 seropositive patients eventually develop a malignancy 
predominantly KS and ML as shown with the increased HIV epidemic in the USA [4]. In a study of 
12,607 HIV-infected persons in Uganda, 378 (3.0%) cancers [181 (47.9%) prevalent, 197 (52.1%) 
incident] were identified among participants [9]. Of incident cancers, 137 (70%) were AIDS-
defining cancers as KS, ML and cancer of cervix [9] and comparable results were reported in 
Zimbabwe [13]. Furthermore, several other tumors, referred to as non-AIDS-defining cancers, are 
also statistically increased in HIV-infected persons including Hodgkin's lymphoma (HL) [13]. 

1.4 Kaposi’s sarcoma (KS) 
Kaposi’s sarcoma (KS) first described by the Hungarian dermatologist Moritz Kaposi in 1872 as 
"idiopathic multiple pigmented sarcomas of the skin" [12, 14] is a multicentric, angioproliferative, 
maculo-papular eruption most often presenting primarily in the skin  but also in mucosal 
membranes, viscerae and lymphnodes [12, 15] as a characteristic purplish lesion which blanches to 
pressure and progresses with woody oedema and skin hyperpigmentation to florid, ulcerative 
lesions. Previously a rare disease, it has become a major epidemiological concern globally and in 
particular sub-Saharan Africa including Tanzania mostly because of its association with the HIV 
infection [Acquired immunodeficiency syndrome (AIDS)-related KS or AKS] [12, 16].



2

Four different clinico-epidemiological KS forms with similar histopathology are now recognized  
[17-19] including: 
1) AIDS-related KS (AKS): The most aggressive and rapidly growing KS form with early 
dissemination in the skin and viscera [11]. AKS is the most frequent tumor in human 
immunodeficiency virus type I (HIV-l) infection where it is frequent among homo–bisexual men 
and intra-venous (IV) drug users in Western countries but most often seen among heterosexuals in 
developing countries [20]..
2) Classical or sporadic KS (CKS): Originally described [14] as a slow growing, indolent tumor 
mostly seen in the extremities of elderly Caucasian males of eastern Europe and Mediterranean 
origin [21]. 
3) Endemic African KS (EKS): Predominant in eastern and central Africa before the AIDS 
epidemic [22] and clinically similar to CKS, but also seen in children in a more fulminant and fatal 
form. The childhood EKS is mostly lymphoglandular with or without skin involvement.  
4) Iatrogenic or post-transplantation KS (IKS): seen in immunosuppressed patients, e.g. transplant 
patients receiving immunosuppressive drugs, emphasizing the importance of immune disturbance as 
a co-factor in the pathogenesis of IKS and AKS, and possibly also EKS [17].

1.4.1 Virology and pathogenesis of human herpesvirus type 8 (HHV-8/KSHV) 
Historical perspective 
Early studies suggested an infectious agent for KS [23, 24] and herpesvirus-like particles in tissue 
culture of KS specimens from different geographic regions were observed more than 30 years ago 
[25] and a relation to the human cytomegalovirus (HCMV) was proposed [25, 26]. However, in 
1994 a new virus initially called Kaposi’s sarcoma-associated herpesvirus (KSHV) was 
characterized in an AIDS-associated KS (AKS) lesion through isolation of DNA fragments of open 
reading frames (ORFs) 26 and 75 using representational difference analysis (RDA) [27, 28]. 
Subsequently, KSHV was demonstrated in all clinico-epidemiological forms and stages of KS [25, 
29] and identified as human herpes virus type 8 (HHV-8) [30]. It was soon found to be also 
associated with some rare types of lymphomas in AIDS patients, namely primary effusion 
lymphoma (PEL) or body-cavity-based-lymphoma (BCBL) and the plasmablastic variant of 
multicentric Castleman’s disease (MCD) [31, 32]. Currently, KSHV/HHV-8 is regarded as the 
primary pathogenic factor for KS development [25, 33]. 
HHV-8 virology and etiopathogenesis 
HHV-8 (KSHV) is a gamma-2 herpesvirus of the Rhadinovirus genus sharing significant sequence 
homology with human and non-human herpesviruses as Epstein-Barr virus (EBV), herpesvirus 
saimiri (HVS), rhesus rhadinovirus (RRV) and murine gammaherpesvirus 68 (MHV68) [12, 28, 34-
37]. HHV-8 is a 140nm large virus, with a genome of approximately 165-170 kb double stranded 
linear DNA packed into an icosahedral capsid [25, 28], covered by a tegument containing proteins 
and enclosed during budding by the cell membrane-derived outer lipid layer envelop with various 
host and virus specific glycoproteins [38].  The HHV-8 genome is flanked by a varying number of 
highly GC-rich terminal repeats (TR) that surround the central (145kb) long unique region (LUR) 
that contains all of the viral open reading frames (ORF) [28]. Many of the ORF within the central 
LUR encode more than one protein species, owing to different splicing or alternative translational 
initiation sites.  The LUR region encodes signalling molecules and other proteins that have 
homologs in the host genome [28, 39]. The HHV-8/KSHV genome has about 90 identified ORF 
and around 15 (K1-15) are apparently unique to the virus and over 60 show homology to other 
rhadinoviridae [25, 38]. 
Furthermore, it is now clear that viruses often resort to hijacking the cellular machinery to achieve 
their own purposes and recently it was shown that HHV-8 encodes various proteins with homology 
to host cellular genes in order to interfere with the regulation of cell signalling (molecular piracy) 
[12, 40]. Studies have suggested that these pirated genes may help the virus evade immune 
responses (including interferon-mediated anti-viral responses), disrupting cytokine regulation of 
cell growth, prevent cell cycle arrest and interrupt activation of apoptotic pathways [12, 40]. Such 
pirated genes include, complement binding protein ORF 4, interleukin-6 (IL-6)-like protein vIL-6 
[ORF K2], the angiogenic interleukin-8 (IL-8) receptor vIL-8R [ORF K2], chemokines ORF K4, 
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ORF K4.1 and ORF K6, the anti-apoptotic factors vBCL-2 [ORF 16] and K7/vIAP (inhibitor of 
apoptosis protein) which is homologous to cellular survivin and also the interferon regulatory factor 
1 (vIRF1) [ORF K9], D-type cyclin (vCyclin) [ORF 72], FLICE-inhibitory protein (vFLIP) [ORF 
K13], the adhesion-like molecule (ORF K14), the G-protein coupled receptor (vGPCR) [ORF 74] 
and the ubiquitin system [viral Ubiquitin E3 Ligases and deubiquitination enzyme (DUB)] [40].    
Like all herpesviruses, HHV-8 exhibits a latent (non-productive) and a lytic (productive or 
replicative) life cycle both of which are characterized by distinct gene expression programmes [25, 
33]. During latency, viral genome persists as closed circular episomal DNA [41] within the nucleus 
of KS tumor cells (SC) and B cells of MCD and other infected mononuclear cells [42] and is 
tethered to metaphase chromosomes and copied in tandem with host DNA during cell division [43]. 
During the lytic phase, the viral genomes replicate in a linear form expressing most of the more 
than 80 viral lytic genes, and produces infectious virions [25, 44]. Lytic virus expression is most 
frequent in MCD, moderate in KS and relatively rare in PEL cells [42].  HHV-8 latent genes which 
apparently, are all adjacent in the genome [45] include the latency-associated nuclear antigen type 1 
(LANA-1) or ORF73/LANA-1, K13/vFLIP, ORF72/vCyclin, K12/Kaposin, K11.5/vIRF-2, 
K10.5/LANA-2 and K15/LAMP while lytic genes include K2/vIL-6, ORF 74/vGCPR, K9/vIRF-1, 
K10.5/K10.6/vIRF-3, K1,ORF16/vBCL-2, K7/vIAP, K3/MIR1, K5/MIR2, K14/viral OX2, viral 
macrophage inflammatory proteins (vMIPs) [ORF K4.1]  [12, 25]. Although both latent and lytic 
genes play a role in HHV-8 pathogenesis the latent infection appears more important in oncogenesis 
[25]. Furthermore, only a few regions are transcriptionally active during latency, but in KS tumors, 
approximately 98% of the spindle cells (SC) solely express transcripts consistent with latent 
infection [33] thus only a small number of KS tumor cells also undergo lytic infection [44]. Recent 
studies indicate that these lytic cells might promote KS tumor development through several 
synergistic mechanisms including: viral spreading to new target cells and induction of KSHV-
encoded angiogenic and inflammatory cytokines [44, 46]. Latent HHV-8 infection retains the 
capacity to reactivate replication in response to appropriate physiologic cues including hypoxia [25, 
37, 47] and endoplasmic reticulum (ER) stress [48] as well as by the application of phorbol esters 
(TPA), sodium butyrate and ionomycin in vitro [25, 33, 48]. The regulation of tissue viral 
reactivation (switch) is important for understanding its transmission and pathogenesis [48] and 
appears to be triggered by the overexpression of ORF 50 or regulator of transcription activation 
(RTA) which in turn is induced by the overexpression of X box binding protein 1 (XBP-1) [25, 33, 
49]. Furthermore, the TPA-induced lytic cycle appears to be regulated in part, by the mitogen-
activated protein kinase (MAPK) pathways [44]. 
HHV-8 gains entry into host cells through endocytosis mediated by a number of viral glycoproteins 
(Fig 1) including K8.1A and ORF8 (gB) [50] shown to bind to cell surface heparan sulfate [51, 52] 
and the cell receptor integrin 3ß1, respectively [53, 54]. In KS patients HHV-8 is predominantly 
found in KS spindle cells (SC) but we and others have also demonstrated it in some lymphocytes, 
monocytes and keratinocytes [55, 56].

1.4.2 Latent Genes in HHV-8 oncogenesis

ORF73/LANA-1: Latency associated nuclear antigen type 1 (LANA-1) is a 1,162 amino acids (aa) 
long phosphoprotein with a molecular mass of 222-234 kDa [34, 57]. It has no recognizable cellular 
homolog and has a multifunctional role in HHV-8 infection and pathogenesis [34]. LANA-1 is the 
most frequently expressed, immunogenic, latent antigen and considered thereby, to play an 
important role in the generation and maintenance of HHV-8 associated malignancies [57, 58].  
During mitosis it is tethering extra-chromosomal (episomal) viral DNA to host chromosomes and 
thereby responsible for the segregation of viral episomes with the chromosomes into new daughter 
cells [12, 25, 34, 49, 57, 59]. LANA-1 also acts as a transcriptional regulator (activation and 
repression) including cell cycle regulation by binding to the tumor suppressor genes p53 
(repression) and  the retinoblastoma protein (pRb) [activation] [25, 57]. 
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Fig 1: Schematic diagram of HHV-8 genome The central portion of the genome is flanked by 
the terminal repeats, TR. Many of the open reading frames (ORFs) are conserved in most 
herpesviruses; these are present in the conserved blocks (white boxes) and are not indicated. 
Other ORFs are unique to rhadinoviruses, gammaherpesviruses, or HHV-8 and are present in 
more divergent areas of the genome (indicated by gray boxes). ORFs that have homology with 
herpesvirus saimiri are assigned the corresponding numbers, and ORFs without recognizable 
homologues were numbered separately and given the prefix K (K1 to K15). [Adapted from 
Ablashi et al. (2002), Clin. Microbial Rev.]

By competing with E2F for binding of hypophosphorylated pRb, LANA-1  frees E2F to activate the 
transcription of genes involved in cell cycle progression [12]. Increased E2F activity can also 
trigger apoptosis via the p53 pathway which is prevented by LANA-1’s abrogation of p53 and 

Fig 2: Immunofluorescence (IFA) assay for LANA (pink dots) on nodular KS spindle 
cells including inset.
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repression of its transcriptional activity. These different LANA-1 actions, allow latent HHV-8 
infection to promote cell cycle progression and anti-apoptosis resulting in survival and 
multiplication of the infected cells [12, 45]. LANA-1 has also been reported to have a cell 
transformation activity by interaction with the cellular oncogene H-Ras and critically, the activation 
of telomerase [25, 57]. 67BThe LANA-1 antigen can easily be demonstrated by immunohistochemistry 
(IHC)/immunocytochemistry in cultured lymphoma (BCBL-1) cell lines as well as in fresh or 
formalin fixed, paraffin embedded biopsies (FFPE) as a speckled/punctate nuclear reactivity [12] 
(Fig 2). It is expressed in most SC of both early and late stage KS of all the different clinical forms 
(AKS, EKS, CKS and IKS) [12, 29] and can serve as a diagnostic marker in suspected HHV-8 
related lesions. Several studies including our own [56, 60], have shown an increase in the number of 
LANA-1 positive cells during the progression of KS lesions [56, 60] including differential LANA-1 
granule counts per cell nuclei in relation to clinical forms and sex allowing the detection and 
quantification of HHV-8 infection in KS lesions [56, 60]. Of interest, is the question as to whether 
this HHV-8 LANA quantitative immunoassays can also be used as prognostic/follow-up tools 
following conventional anti-KS and highly-active antiretroviral therapy (HAART).  

41BHHV-8 K13/vFLIP: This pirated vFLIP gene, encoded by ORF K13, inhibits FADD-mediated 
apoptosis downstream of the Fas receptor and blocks the protease activities of caspases 3, 8 and 9 
[25, 61]. vFLIP constitutively activates the NF- B pathway by direct interaction with the I B kinase 
(IKK) complex in the cytosol which also allows activation of the HIV-1 LTR [25, 61] thus 
activating HIV replication [62] although this pathway alone is insufficient and other factors 
including Toll-like receptors (TLR2 and TLR9) are also involved [63]. These two anti-apoptotic 
actions by viral FLIP, allow cell survival, clonal overgrowth and tumor progression [25]. Our 
previous reports on KS biopsies have shown a clear decrease of apoptosis associated with the 
concurrent increase of the anti-apoptotic vFLIP and BCL-2 during KS development from early 
(patch) to late (nodular) stage [64, 65]. Thus the exploitation of these anti-apoptotic pathways by 
HHV-8 contributes to tumor progression of KS lesions. 

42BHHV-8 ORF72/vCyclin: vCyclin (vCYC, K-Cyclin, KSHV-Cyclin and vCyclin-D) is encoded by 
ORF 72 and has 32% identity and 54% similarity to cellular cyclin D2 with which it shares the 
ability to stimulate G1-to-S cell cycle transition by complexing with CDK4 and CDK6 which 
phosphorylate pRb to release E2F [12, 25, 65]. However, unlike cellular cyclins, vCYC-CDK6 
complexes are resistant to cellular CDK inhibitory proteins (p16, p21 and p27), allowing 
unregulated cell cycle progression. Furthermore, vCYC/CDK6 complexes also phosphorylate the 
origin recognition complex 1 (ORC-1) protein thereby stimulating cellular DNA replication. 

43K10.5/LANA-2: K10.5 expresses LANA-2 (vIRF-3), which inhibits p53-mediated transactivation 
and apoptosis but is expressed latently only in KSHV-associated B-cell malignancies (PEL and 
MCD) and not in endothelial-derived KS tumors [25, 66].  

K15/LAMP: The K15 gene encodes a latently expressed protein [the latency-associated membrane 
protein (LAMP)] with a cytoplasmic domain that contains SH2 motifs, interacts with TRAF (tumor 
necrosis factor receptor-associated factor) and antiapoptotic proteins, and represses B-cell receptor 
signalling [25]. One of the two K15 transcripts is expressed latently in PEL cells, is a positional 
homolog of transforming genes in EBV and HVS, and interacts with growth control proteins [25]. 

45BK12/Kaposin 
The K12 locus expresses the most abundant latent transcripts in KS and PEL tissue and is also 
strongly induced in lytic replication [25, 67]. Kaposin is present in three isoforms A, B and C all 
translated from the same region [25, 67] and Kaposin A transforms cultured cells and drives 
tumorigenesis when these cells are introduced into nude mice [25, 68]. Kaposin B present in all 
HHV-8 infected cells enhances the release of pathogenetically important proinflammatory cytokines 
by activating the p38 mitogen-activated protein kinase (MAPK)-MK2 kinase pathway and blocking 
cytokine mRNA decay [69]. 
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46BK11.5/vIRF-2: K11.5 expresses a latent homolog of cellular IRFs that inhibits (i) NF- B and 
cellular IRF1- and IRF3-mediated transactivation (65), (ii) apoptosis of T-cell receptor (TCR)/CD3-
stimulated Jurkat cells and (iii) double-stranded RNA protein kinase [25]. By interacting with 
cellular transcription factors and cofactors, vIRF-2 may modulate the expression of the early 
inflammatory genes and potentially deregulate the immune system [70]. 

47B11.4.3 Lytic Genes and HHV-8 Pathogenesis 
Latent HHV-8 B-cell infection predicts risk of future KS development , and is usually established 
long before the onset of KS [25]. Therefore, reactivation of productive (lytic) HHV-8 infection in 
the latently infected B-cell reservoir is correlated with KS development and aggressiveness [25]. 
Furthermore, treatment of high-risk patients with the antiviral ganciclovir blocks lytic KSHV 
replication and reduces KS risk [25]. 
Many lytic genes (Fig 3) encode growth-deregulatory and immunomodulatory proteins which 
enable infected cells to avoid or inhibit the host immune system [25]. Collectively, these viral 
proteins counteract multiple levels of the immunological response to viral infection and may play 
dual roles in growth modulation and immune evasion; for example, antiapoptotic proteins enable 
proliferation of infected-cells while inhibiting host immunocytolytic activity [25]. 

48BFig 3: IFA on BCBL-1 cells showing diffuse cytoplasmic lytic (K8.1) staining with positive patient 
serum (green) and blue DAPI nuclear (DNA) staining x 40.

49BK2/vIL-6: The viral cytokine vIL-6 retains sequence and functional homology to cellular IL-6 and 
stimulates multiple cellular pathways to cell proliferation [25]. vIL-6, but not human IL-6, protects 
PELs and heterologous cells from the antiviral, cytostatic effects of IFN-  and cells stably 
expressing vIL-6 secrete increased VEGF and induce hematopoiesis, angiogenesis and 
tumorigenesis when injected into nude mice [25]. 

50BORF 74/vGCPR: vGPCR is a 7-transmembrane, IL-8 receptor homolog that constitutively engages 
pathways downstream of multiple G protein subunits [25] leading to increased transcriptional 
activity of their nuclear targets with stimulation of cellular proliferation, promotion of cell survival, 
and transformation [25]. In transient transfections, it was shown that vGPCR also activates 
promoters of multiple latent and lytic HHV-8 genes. Ultimately, cells expressing vGPCR secrete 
increased levels of autocrine and paracrine cytokines and growth factors (IL-1 , TNF- , IL-6, IL-8, 
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granulocyte-macrophage colony-stimulating factor, VEGF, bFGF, and MCP-1), as well as 
chemotactic factors including expression of adhesion molecules VCAM-1, ICAM-1 and E-selectin 
[25]. In transgenic mice, vGPCR induces multifocal, angioproliferative, KS-like lesions [25]. 

51BK9/vIRF-1 and K10.5/K10.6/vIRF-3: In addition to the latently expressed vIRFs discussed above, 
HHV-8 encodes two other homologs of these proteins [25]. vIRF-1 (K9), transforms cells in 
culture, is tumorigenic in nude mice, and inhibits apoptosis [25]. It also blocks programmed cell 
death mediated by cooperation of the cellular protein GRIM19 with IFN-  and retinoic acid [25]. 
Antisense inhibition of K9 expression in PELs demonstrated a critical role for IRF-1 in reactivation 
of HHV-8 from latency and lytic gene expression [25]. The other lytic viral IRF, vIRF-3, is most 
closely related to the cellular IRF-4 and the latent vIRF-2 and also blocks IFN signalling [25]. 

52BK1: K1 and K15 are positional homologs of transforming genes in EBV and HVS [25]. K1 encodes 
a transforming and immunomodulatory protein and it is the most highly divergent ORF in the 
KSHV genome. Mice transgenic for K1 develop KS-like tumors and plasmablastic lymphomas in 
which there is constitutive activation of NF- B, Oct-2, and Lyn. K1 may also assist immune 
evasion of infected cells by its ability to inhibit transport of B-cell receptor complexes to the surface 
of B cells [25]. The K1 product is a transmembrane protein localized to the cell surface that signals 
constitutively through its cytoplasmic immunoreceptor tyrosine activation motif (ITAM), activating 
the well-characterized cellular nuclear factor of activated transcription (NFAT) growth control 
pathway [25]. This function of K1 is critical for HHV-8 replication, since truncation of the ITAM 
creates a mutant K1 that represses viral replication following reactivation from latency, in a 
dominant negative fashion.[25].  

53BORF16/vBCL-2: The product of HHV-8 ORF16 retains the highest (60%) sequence similarity to 
human bcl-2 in its BH1 and BH2 domains but little similarity in the BH3 domain and it is expressed 
in a lytic pattern in spindle cells and monocytes of KS lesions, and its transcript is lytically induced 
in PEL cells [25]. vBcl-2 is antiapoptotic; unlike its cellular counterpart, it can inhibit apoptosis 
induced by HHV-8 vCyc in the presence of high cdk6 and unique to vBcl-2, it cannot be converted 
to a proapoptotic form by caspase-mediated cleavage [25]. The antiapoptotic mechanism of vBcl-2 
may be attributable to its interaction with the proapoptotic cellular protein Diva, which binds to the 
caspase-9 regulator Apaf-1 to prevent Bcl-XL from blocking cell death [25]. 

54BK7/vIAP: The 19- to 21-kDa glycoprotein product of K7 is a homolog of the cellular protein 
survivin-deltaEx3, a splice variant of human survivin, that protects cells from apoptosis [25]. vIAP 
localizes to mitochondrial membranes and inhibits apoptosis induced by the Fas and TRAIL 
pathways, Bax, TNF-  plus CHX, staurosporine, ceramide, and other chemicals [25]. It targets two 
critical arms of the early and late cellular apoptotic responses and acts as a protein bridge to help 
target Bcl-2 to activated caspase-3 and inhibit its function as an effector of cell death [25]. vIAP 
also binds to the cellular calcium-modulating cyclophilin ligand to enhance the cytosolic Ca2+ flow 
and protect cells from mitochondrial damage and apoptosis [25]. 

55BK3/MIR1, K5/MIR2: The modulators of immune recognition (MIRs) are eponymous proteins that 
actively eliminate the cell surface expression of receptors recognized by the cytolytic arm of the 
immune system [25]. Both MIR1, encoded by K3, and MIR2, encoded by K5, specifically increase 
the rapid endocytosis of mature major histocompatibility complex MHC class I from the surface of 
infected cells and stimulate its degradation by cellular proteases; MIR2 but not MIR1 also 
stimulates the scavenging of B7.2 and ICAM-1 proteins from the surface [25]. Both MIR proteins 
are expressed in KS tissue in a lytic pattern and selectively target MHC class I but not class II; 
however, although K3 targets all four HLA allotypes, K5 specifically targets HLA-A and HLA-B 
[25].

56BK14/viral OX2: K14 encodes a homolog of the cellular OX2 protein, a glycosylated cell surface 
protein that is a member of the immunoglobulin superfamily and restricts cytokine production in a 
paracrine fashion [25]. Viral OX2 shares all of these structural cellular features but instead potently 
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activates inflammatory cytokine production (IL-1 , TNF- , and IL-6) [25] important for KS 
pathogenesis.

57BViral macrophage inflammatory proteins (vMIPs) [K6/vMIP, K4/vMIP-II and ORF 
K4.1/MIP-III]: The vMIP-I, v-MIP-II, and v-MIP-III proteins are homologs of human MIP-I. 
While vMIP-I is most probably a product of DE transcription, vMIP-II and vMIP-III are encoded 
together on an IE mRNA [25]. Furthermore, vMIP-I and vMIP-II both engage the chemokine 
receptor CCR-8 [25] and are highly angiogenic in chicken CAMs [25, 71]. Treatment of PELs with 
vMIP-I induces the secretion of VEGF-A, and dexamethasone-induced apoptosis of PELs is 
blocked by exogenous vMIP-I and vMIP-II (306). vMIP-III engages the CCR-4 chemokine 
receptor, is a selective chemoattractant for Th2 cells, and is also angiogenic in CAM assays [25]. 

58BHHV-8 microRNAs: Recently, MicroRNAs (miRNA), small non-coding RNA molecules which 
regulate expression of genes by binding to the complementary messenger RNAs have been 
identified in HHV-8  [72]. The HHV-8 miRNAs are confined to a region of the kaposin gene (ORF 
K12) [72], which is expressed by SC at all KS stages [21] and which can induce tumorigenic 
transformation of infected cells [73]. Removal of this miRNA may thus hinder the function of 
kaposin [72]. The viral and cellular genes regulated by these HHV-8 miRNAs still remain to be 
identified.

1.4.4 HHV-8 Epidemiology

69BHHV-8 infection rates in various populations (Fig 4) parallels in general, the incidence of KS 
indicating its etiopathogenetic importance [74]. A high rate of HHV-8 infection has been 
documented in sub-Saharan Africa (30-70%) [Fig 4], where also the highest prevalence of KS 
occurs [75-77]. Relatively high or intermediate HHV-8 prevalence is noted in southern Italy and 
other Mediterranean areas [78]. In Italy, the prevalence varies between less than 10% in the North 
to more than 30% in the South [78], with the highest rates observed on the islands of Sicily and 
Sardinia [79]. The lowest HHV-8 prevalence has been reported in northern Europe, Asia and the 
United States (<10%) [80, 81], where HHV-8 infection is mostly found among homosexual men at 
risk of HIV infection [82] and patients with sexually transmitted diseases (STD) [83]. Based on the 
sequence variation in the open reading frame (ORF) K1, HHV-8 is now classified into subtypes A, 
B, C, D, E and N [84, 85], of which A and C are found mostly in Europe, whereas subtype B 
predominates in Africa [84, 85]. Subtype D is found in individuals living in the islands of Pacific 
ocean and Australia [86]. Subtype E has been reported in Brazil [87] and subtype N, a recently 
found subtype, has been identified only in South Africa [88]. 

60BHHV-8 transmission: Early sero-epidemiological studies of homosexual men and sex workers 
indicated that HHV-8 can be transmitted sexually also evident by the demonstration of the virus in 
semen, cervical secretions and in saliva [89, 90]. The presence of infected cells and free virus in 
blood of healthy individuals has also been well documented and it is not so clear when it represents 
a risk for blood borne transmission. Thus HHV-8 transmission has been shown after kidney 
transplantation [91, 92], suggesting viral reservoirs in tissues (kidney) and occasionally by blood 
products [93].
In endemic areas like Tanzania where KS is seen in children [16, 75, 94], oral as well as vertical 
route of virus transmission (transplacental, during delivery or breast feeding) has been suggested 
[95]. The importance of mother to child horizontal/oral transmission is indicated by the increase 
frequency of HHV-8 antibodies in infants by age [96] and also indicated by high HHV-8 prevalence 
within families in endemic areas [97].  
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70BFig 4: Global epidemiological distribution of HHV-8 infection. Adapted from Dukers & Rezza 
AIDS 2003, 17(12):1717-1730.  

KS, HHV-8 infection and sex: Demographically, KS was previously related mostly to males 
(homosexuals and bisexuals) particularly in developed countries which suggested a possible 
biological gender or sexual behavior relatedness [20, 56, 98, 99]. However, the continuous 
narrowing of male to female ratio and high AKS frequency in sexually transmitted disease (STD) 
patients in sub-Saharan Africa seem to indicate the importance of a heterosexual route of 
KSHV/HHV-8 transmission [100, 101]. This is supported by reports of  a high (1:27) male:female 
ratio for cutaneous non-AIDS KS (EKS) and a low (1:3) ratio for AKS in eastern Africa including 
Tanzania and elsewhere [20, 98-100, 102]. Interestingly, the male:female ratio is reported to be 
even lower (1.3:1) amongst patients with OKS in South Africa [103].  HHV-8/KSHV has been 
found in oral (saliva) [16, 104, 105] and genital (semen and cervical/vaginal) fluids [20, 104, 106] 
suggesting an important role for genital-oral and oral-oral HHV-8 transmission in KS development 
[16, 97, 106]. The sex differences in KS are of interest considering previous suggestions of lower 
female risk, possibly attributed to hormonal factors including human chorionic gonadotropin 
(hCG)-in pregnant women [107, 108]. 
Reasons for sex differences: These are yet to be fully clarified although various biological and 
socio-behavioral factors have been suggested [11]. Recently in a comparative genomic 
hybridization (CGH) and interphase-fluorescence in-situ hybridization (interphase FISH) study, we 
have reported cytogenetic differences between male and female KS patients including the loss of 
chromosome Y observed in all early and the majority of late male AKS and EKS representing a 
clonal genomic change [109]. Moreover, in early stage disease loss of Y chromosome was the only 
recurrent change found [109]. These features are apparently, mainly related to early male KS 
pathogenesis and may therefore indicate cytogenetic reasons for the sex differences in KS [109]. 
This male predominance of KS patients is as yet not fully understood and hormonal factors have 
been suggested to play a role [110]. Thus in-vitro studies on AIDS-KS derived cells indicated that 
glucocorticoid receptors and IL-6 may play a role in the growth of these cells [111]. Thus IL-6 
production in KS-derived spindle cells was shown to be enhanced in vitro by glucocorticoids [110] 
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whereas intralesional injections of human chorionic gonadotrophin (hCG) induced regression of KS 
growth [111] which is compatible with the observed male KS predominance. However, the well 
documented male:female ratio decline for AKS [100, 101, 112] in Africa (including Tanzania) 
appears to reflect the ongoing HIV and AIDS epidemic which impacts more on women of the 
sexually active age-group. Clearly, the association of sex with KS development and HHV-8 
infection has to be further elucidated. 

20B1.4.5 Summary of KS Pathogenesis  

71BThe pathogenesis of KS is still unclear and appears complex, involving mechanisms dependent on 
viral and cellular factors such as, HHV-8 infection, inflammatory cytokines and angiogenesis by 
factors including HIV-Tat, as well as factors promoting anti-apoptosis and cell proliferation [55, 
113] and microRNAs (miRNA) which have been identified in HHV-8 [72] and can induce 
tumorigenic transformation of infected cells [73].
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Table 1: Some KS pathogenetic factors  

Pathogenic effect HHV-8 factors HIV factors Host cell factors 
Inflammation Kaposin B, vIRF-2, 

vGCPR, vOX2, vMIPs 
HIV induced 
cytokines Host cellular Cytokines 

Oncogenes LANA-1, Kaposin A, 
K1, miRNA  H-Ras 

Transcription factors LANA-1, vGCPR   
Cell infection 

K8.1A, ORF8  
heparan sulphate, 3 1
integrin on ECs, SCs, MPS, 
B-cells, keratinocytes 

Cell recruitment HHV-8: VEGF, FGF  EC precursors, bone marrow 
stem cells 

Phenotype switch HHV-8  VEC & LEC phenotypes 

Cell proliferation  & cell 
cycle deregulation vCYC, vIL6, vGCPR HIV Tat Ras-ERK, CDK4, CDK6 

Cytogenetics Recurrent X-somal 
aberrations

Anti-apoptosis & survival vFLIP, vGCPR, vIRF-1, 
vBCL-2, vIAP, vMIPs, 
hTERT

 NF- B

Angiogenesis vIL6,  vGCPR, vMIPs HIV Tat VEGF 
Immunodeficiency  

AKS, IKS AKS AIDS, organ transplantation 

Immunoreactivity  In AKS 

Immunomodulation   vIRF-2, lytic genes K1, 
K3, K5 

Sexual behavior Sexual transmission Sexual
transmission 

High risk behavior e.g. 
MSM, Bisexuals, IVDUs 

Sex (gender) Increased frequency & 
viral loads in males 

Declining 
male:female ratio 
in AKS  

Male predominance in all 
forms, Y-losses 

Age
Increased viral loads in 
juvenile KS? 

Increased 
frequency of AKS 
in the sexually 
active age-group 

EKS & CKS in elderly, 
lymphoglandular EKS in 
juveniles, AKS in sexually 
active agegroup 

Ethnic/genetic & HLA Increased frequency in 
Mediterranean people but 
decreased in West Africa 

EKS & AKS in Africans, 
CKS in Caucasians 

Socio-economic 
status/occupation 

Oral (saliva) 
 transmission in rural 
Africa

Low socio-economic status 
(SES), Life style? 

Geographic factors Land workers? EKS in 
Africa, CKS in E. Europe & 
Mediterranean. TPA, 
butyrates, ionomycin, 
unsafe blood, arthropods? 

Viral activation/ 
replication 

vFLIP, K1, ORF 50 
(RTA) HIV Tat Hypoxia, ER stress, MAPK 

pathway 
Miscellaneous 

Parenteral transmission Parenteral 
transmission 
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Fig 5: HHV-8 gene expression (pathogenesis) during SC development and tumor 
growth. Adapted from Pyakurel et al., Infect Agents Cancer 2007, 2:4. 

1.4.6 Histopathology and histogenesis of KS 
The histopathology of KS is characterized by four hallmarks including an early infiltration 
of mononuclear (mostly lymphocytic) inflammatory cells, formation of new blood vessels 
(angiogenesis) appearing as small, irregular endothelial lined (vascular) slits or channels, 
spindle-cell (SC) development and proliferation and extravasation of erythrocytes 
(haemorrhage) with variable accumulation of hemosiderin pigments [15]. The SC is the 
characteristic neoplastic cell in KS. Furthermore, tumor formation has three chronological 
histopathological stages including patch, plaque (early stages of KS) as well as the 
advanced/late stage nodular KS. During early stages, KS thus appears as a predominantly 
reactive (inflammatory) cell infiltration with polyclonal proliferation of SC that can 
potentially regress, but usually progress to a nodular possibly clonal SC neoplasm [15, 
114]. Pathognomonic for the KS evolution from early to late stage tumor lesions is the 
increased appearance of SC expressing CD34 [hematopoietic stem cell and vascular 
endothelial cell (VEC)] as well as lymphatic endothelial cell (LEC) markers [115, 116].  
The early inflammatory cell infiltrate is decreased in the advanced nodular stage and 
remains mostly at the periphery of the dense nodular accumulation of SC. Unlike typical 
late metastatic cancers, KS often appears early as a multicentric tumor, with lesions arising 
de novo by a localized proliferation [117] as well as accumulation of recruited SC and 
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progenitors [56, 118]. These features and our previous findings indicating heterogeneity of 
the spindle cell compartment and lack of aneuploidy [64, 119, 120] favour a non-clonal 
growth of the KS lesion.
Phenotypically characteristic SCs express various (LEC and VEC) endothelial cell markers 
possibly representing heterogeneous cell populations of varying proportions at different 
tumor stages [17, 64, 119, 120]. The histogenesis of the SC in KS is elusive and 
controversial [121] although an endothelial phenotype has been proposed by several 
studies including findings of infected normal vascular endothelial lining cells in previous 
studies [21]. Whether SC are vascular (VEC) or lymphatic (LEC) in origin or derive from 
mesenchymal progenitor cells [115, 122] is still a matter of discussion, although most 
studies by immunohistochemistry have revealed that SC express lymphatic markers, such 
as D2-40 [123], LYVE-1 [115] and VEGFR-3 [124]. Furthermore, gene expression, 
microarray studies also show that KS neoplastic cells are closely related to lymphatic 
endothelial cells (LEC) coexpressing some blood vascular endothelial cell (VEC) markers 
and that HHV-8 can infect both LEC and VEC in vitro [125], and that infected LEC had a 
higher HHV-8 genome copy number than VEC. Thus in-vitro infection of CD34+ human 
dermal microvascular endothelial cells (HDMEC) with HHV-8 resulted in the upregulation 
of LEC markers such as LYVE-1 [126, 127].
Cell proliferation is relatively low in KS as shown by previous Ki-67 expression studies 
and by DNA flow cytometry [64]. No significant difference was observed in these studies 
between AKS and EKS indicating that the increased clinical aggressiveness of AKS may 
reflect action of various cytokines including Tat protein produced during HIV infection 
and by the compromised state of host immune response in HIV infection [11, 56, 64]. A 
low level of apoptosis in KS lesions, due to strongly expressed Bcl-2 in SC is also 
suggested to contribute to KS tumor growth [64].  
KS spindle-like cells have been shown to occur in peripheral blood cultures of HIV 
infected patients with KS or at high risk for developing KS [128]. Furthermore, recent 
studies show that endothelial cells or their precursors residing in donor kidneys may 
contribute to post-renal transplant KS since KS SC in a female recipient kidney had a male 
(donor) karyotype and that KS SC expressed the donor HLA antigen [129]. These findings 
seem to indicate that KS SC and/or their progenitors can be recruited during development 
of the KS lesion. 

21B1.4.7 KS differential diagnosis 

Clinically KS may sometimes be difficult to differentiate from other dermal lesions as 
lepromatous leprosy, neurofibromatosis, dermatomycoses, papular skin rash, edematous 
lesions (woody edema) including elephantiasis and lymphedema [130] and 7Bskin
hyperpigmentation including acanthosis nigricans [130]. 
On histology KS lesions may have to be differentiated  from: fibroma, fibrosarcoma, 
leiomyosarcoma, hemangioma, hemagiosarcoma and hemangiopericytoma as well as non-
neoplastic lesions including chronic, non-specific inflammation and granuloma 
pyogenicum/infected hemangioma. 
31B

1.4.8 HIV, AIDS, HHV-8 and KS 

KS is globally the most important AIDS-related tumor (AIDS-defining malignancy) and 
most frequent in sub-Saharan Africa including Tanzania causing significant morbidity and 
mortality [25, 101, 131]. Previously a rare indolent tumor with male preponderance, AKS 
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has become with the HIV epidemic a common and aggressive tumor of both sexes with a 
decrease in male to female ratio from 19:1 to 1.7:1 particularly in East Africa [101]. 
Epidemiological studies indicate that the risk of developing KS increases from 5-10% in 
non-HIV infected individuals to 20-70% in HIV infected patients [132]. AKS progresses 
more aggressively, appears less sensitive to therapy and is more likely to recur post-
treatment, than non-AIDS endemic KS (EKS). The oral cavity is frequently involved in 
AKS (oral AKS or OAKS) and used in staging of advanced HIV disease. 
Some studies seem to suggest that patients infected first with HIV followed by HHV-8, 
progress to KS faster than those first infected with HHV-8 followed by HIV [133] 
suggesting that an established anti-HHV-8 immunity may have some protective effect. 
Furthermore, HHV-8 load is higher among HIV infected than no infected patients [11]. 
There seems to be a cross talk between HIV-1 and HHV-8 as recent studies have shown 
that HIV-1 replication stimulates HHV-8 production in PEL cell lines and peripheral blood 
mononuclear cells from KS patients, possibly due to the activating functions of HIV-Tat 
[134]. ORF50, the major transactivator of HHV-8 lytic cycle can also induce increased 
levels of HIV replication by interacting synergistically with HIV-1 Tat leading to increased 
cell susceptibility to HIV infection and transient permissiveness to HIV replication [135].

61B1.4.9 HIV-Tat and KS 

72BThe increased incidence of KS in patients with AIDS has been shown to be particularly 
related to the HIV-1 transactivating gene (Tat) protein which stimulates proliferation of 
spindle cells and inhibits apoptosis. The Tat protein apparently promotes AIDS KS by at 
least two distinct mechanisms. First, Tat competes with heparin sulfate binding sites with 

-fibroblast growth factor ( -FGF) increasing the concentration this potent angiogenic 
factor [136, 137]. Second, HIV-1 Tat activates HHV-8 replication in BCBL-1 cells and 
PBMCs from patients with AIDS and PEL or KS [134] thus increasing viral load and 
expression of a series of viral genes including vGCR, vBCL2, and vIRF1 with oncogenic 
potential. Thus, evidently Tat promotes tumorigenesis of endothelial cells via stimulated 
synthesis of vascular endothelial growth factor and anti-apoptotic activity. Notably, the 
functional activity of Tat protein in the pathogenesis of AKS must clearly involve an 
intercellular signalling cascade since antibodies to HIV-Tat epitopes were shown to inhibit 
signalling mediated by Tat [138]. Furthermore, serology studies indicate a deficient anti-
Tat response in AKS patients compared to HIV-positive non-AKS subjects [139, 140], 
indicating the importance of functional Tat to promote AKS development and 
aggressiveness [141].  Tat-containing supernatants specifically promote in-vitro growth of 
AIDS-KS cells which is inhibited by anti-Tat antibodies [142]. HIV Tat has the ability to 
activate the Ras-ERK cascade which may be relevant for endothelial cell proliferation and 
for Kaposi's sarcoma progression [143, 144]. 

1.5 EBV and cancer pathogenesis 
The Epstein–Barr virus (EBV) is a human herpesvirus usually carried lifelong as an 
asymptomatic infection [145]. but also causative agent of infectious mononucleosis and 
several malignant tumors, including Burkitt’s and Hodgkin’s lymphoma, certain forms of 
T-cell lymphoma, and some epithelial tumors, such as undifferentiated nasopharyngeal 
carcinoma and a proportion of gastric cancers [145]. All these tumors are characterised by 
the presence of multiple extrachromosomal copies of the circular viral genome in the 
tumor cells and the expression of EBV-encoded latent genes, which appear to contribute to 
the malignant phenotype [146, 147]. Expression of nuclear proteins (Epstein-Barr nuclear 
antigens) EBNA-3A and EBNA-3C (but not EBNA-3B) are necessary to establish 
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lymphoblastoid cell lines (LCLs) appear to be involved in the resistance of BL cells to 
cytotoxic agents and cell survival [147]. EBNA-3A and EBNA-3C cooperate to 
downregulate the proapoptotic Bcl-2 family member (Bim) which is a critical regulator of 
B-cell survival and when expression is reduced a major determinant of lymphoproliferative 
disease in mice and humans; [147] and uniquely important in the pathogenesis of BL 
[147]. Thus EBV significantly increases the likelihood for B-cell lymphomagenesis in 
general, and BL in particular [147]. EBV infected cells show three patterns of latency (Lat 
I-III).

1B1.5.1 EBV and HIV 
Opportunistic DNA viruses  particularly members of the herpesvirus family as EBV and 
HHV-8, are frequently the aetiological agents of HIV-associated lesions including Kaposi's 
sarcoma (KS), oral aphthous ulceration, and AIDS-associated oral lymphoma 
[plasmablastic lymphoma (PBL)] [105, 148]. Circulating EBV is mainly cell-associated 
(PBMCs) in the HIV-infected population [149]. Plasmablastic lymphoma (PBL) of the oral 
cavity is an aggressive neoplasm derived from B cell, considered to be the second most 
common among human immunodeficiency virus (HIV)-associated malignancies. [150] The 
presence of EBV in oral PBL suggests a direct viral role for the development of HIV-
related PBL [150]. It has long been established that EBV and malaria act jointly in the 
pathogenesis of Burkitt’s lymphoma (BL) [151]. However, it is now believed that HIV can 
also play a role in the pathogenesis of BL [151]. 

3B1.6 Malignant lymphomas (ML) 
Malignant lymphomas (ML) represent a spectrum of lymphoid neoplasms with varying 
prognosis including non-Hodgkin lymphoma (NHL), Burkitt’s lymphoma (BL) and 
Hodgkin’s lymphoma (HL). ML occur worldwide with an increasing incidence both in 
industrialized countries and Africa [4, 152-154]. Lymphomas represent today an important 
cause of morbidity and mortality in sub-Saharan Africa, including Tanzania. partly due to 
the HIV and AIDS epidemic [4, 152-154]. Recently, the World Health Organization 
[WHO] classification of lymphoid neoplasm which recognizes three major categories, B-
cell neoplasms, T/NK-cell neoplasms and HL has been updated but not yet adopted in 
Tanzania thus hindering the application of comparable preventive and therapeutic 
measures as in the developed countries. It is now also, well documented but not in 
Tanzania that ML in HIV and AIDS patients also called AIDS-related lymphomas (ARL), 
have distinct clinical features including frequent extranodal presentation. As indicated 
above, the association of some ML with EBV infection is now well established [146] but 
this is not well documented in Tanzania. The DNA ploidy and subclassification of diffuse 
large B-cell lymphoma (DLBCL) is also not yet documented in Tanzania which issues are 
being examined in the current studies. 

4B1.7 Therapeutic implications 

5B1.7.1 KS: Primary single (non-AKS) EKS,CKS & IKS lesions may benefit from low-dose 
localized radiotherapy (XRT) as well as intralesional chemotherapy AKS can be controlled 
by effective highly active anti-retroviral therapy (HAART). Severe oro-cutaneous or 
symptomatic visceral KS requires systemic XRT and chemotherapy with low-dose 
liposomal doxorubicin [155]. However, in developing countries including Tanzania, 
chemotherapy is rather expensive and offered to some while XRT is offered free-of-charge 
to all cancer patients. In Tanzania half-body irradiation is usually given to patients with 
local-regional KS while sequential ½-body XRT is offered to those with systemic disease. 
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It is also noteworthy that the only oncotherapeutic hospital in Tanzania-the Ocean Road 
Cancer Institute (ORCI)-is now also a care and treatment center (CTC) for HAART which 
AKS patients also will likely benefit from although follow-up clinical studies have not yet 
been documented. 

6B1.7.2 ML: 
NHL: treatment varies with type but anti-CD20 monoclonal antibody (rituximab) is 
effective in treating low-grade B-cell lymphomas (BCLs). For high-/intermediate-
grade NHL the CHOP regimen (cyclophosphamide, doxorubicin, vincristine and 
oral prednisolone) remains the gold standard treatment and additional rituximab 
appears to improve the response rate and survival in BCL [155]. 
HL: In patients with advanced disease more benefit (>50%) has been obtained from 
the four-drug regimen consisting of mustine, Oncovin (vincristine), procarbazide 
and prednisone in short courses. This has however, been displaced by new 
regimens including ABVD (adriamycin, bleomycin, vinblastine and dacarbazine) 
whose 5-year survival rate is 80% [155]. 
In Tanzania, combination chemotherapy (CHOP for NHL and ABVD for HL) 
remain the mainstay of ML treatment and XRT is offered to those who can not 
afford drugs. 
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2. STUDY AIMS 

2.1 General objectives:
1. KS studies: (a) the relation of KS development with HIV infection and different 

anatomical, sex and age settings; (b) to study histopathogenic aspects of KS spindle 
cells SC, their infection with HHV-8 during tumor development and (c) the role of 
HHV-8 in promoting spindle cell proliferation, survival and cell recruitment to KS 
lesions; (d) to evaluate a possible HHV-8 association with non-KS tumors and non-
neoplastic conditions and (e) to study and establish a sensitive and affordable 
HHV-8 serological assay in Tanzania.

2. ML studies: to reclassify Tanzanian ML by the last WHO classification studying 
relation to the biological phenotype and possible viral (HIV and EBV) associations 
of Tanzanian ML.

Such an improved characterization of cellular and viral factors involved in the induction 
and development of tumors in AIDS and non-AIDS settings will help to update strategies 
for prevention, diagnosis, prognostication and anti-tumor therapy. 

2.2 Specific objectives: 
A. KS studies (papers I-IV): 

1. To study the histopathology and presentation of KS (AKS, EKS) at MNH (II & IV) 
2. To characterize spindle cells in early and late developmental tumor stages of AKS 

and EKS with regard to: 
i. Expression of latency associated nuclear antigen (LANA) (I-III). 
ii. Expression of lymphatic and vascular endothelial markers and their 

relationship to LANA positivity (I). 
iii. Cell proliferation in infected (LANA+) and uninfected (LANA-) KS SC 

(II).
3. To evaluate and compare lesional KS HHV-8 load, of early vs. late, oral vs. 

cutaneous and juvenile vs. adult KS (II & III). 
4. To evaluate and compare the HHV-8 DNA load and antibody immunoreactivity in 

patients sera and corresponding patients lesions during KS development (III & IV) 
and between AKS and EKS (III).  

5. To study HHV-8 seroprevalence in patients with KS, non-KS tumors and non-
neoplastic conditions (IV). 

6. To study and establish a sensitive and affordable HHV-8 serological assay in 
Tanzania (IV). 

BB. Studies (paper V) of ML at MNH (Tanzania):8B

1. To characterize the presentation, histopathology and immunophenotypes according 
to the WHO classification. 

2. 12To study the heterogeneity of diffuse large cell lymphomas (DLBCL). 
3. 10BTo study ML DNA Ploidy.
4. 11BTo study the variability in ML cell proliferation by IHC (Ki-67) and flow-

cytometry (FC). 
5. 13BTo study the association of viral (HIV and EBV) infections with ML.
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14B3. MATERIALS AND METHODS 
U3.1 Tissue biopsies (I-V):U All tissues included in this study were routine, diagnostic 
surgical biopsies, fixed in (10%) buffered formalin and paraffin embedded (FFPE) at the 
Department of Histopathology and Morbid Anatomy, MUHAS/MNH, Dar es Salaam, 
Tanzania.
U3.2 Histopathology evaluation (I-V):U Biopsy sections were stained with hematoxylin and 
eosin (H&E) and evaluated by standard microscopy. Histopathological diagnosis was 
complemented by immunohistochemistry for various cellular and viral markers.  
U3.3 Immunohistochemistry (IHC)/immunocytochemistry (ICCU) U [I-V]:U Two 
immunohistochemistry methods were used in these studies including the 
immunoperoxidase (IP) [I-V] and the immunofluorescence assay (IFA) [I-III].  
Immunoperoxidase (IP) assay U[I-V]: U Immunostaining was done (Immunopathology Lab) 
by the avidin-biotin complex (ABC) immunoperoxidase technique as previously described 
[8, 156]. Briefly, tissue sections were mounted on SuperFrost® slides (Menzel GmbH & 
Co KG, Braunschweigh, Germany) deparaffinized, rehydrated and boiled for antigen 
retrieval at 750W by microwave (6 min) in citrate buffer pH 6. Endogenous peroxidase 
activity was quenched by incubating the sections in 30% hydrogen peroxide in distilled 
water (30 min) at room temperature (RT) followed by washing in phosphate-buffered 
saline (PBS) and incubation with 1:20 normal serum from the species of the secondary 
antibody and washing (PBS). The sections were incubated overnight at 4 C with primary 
antibody as previously described [4, 152]. For bound primary antibody detection, the 
sections were  incubated (30 min, RT) with a biotinylated anti-species (secondary) 
antibody, washed and followed by ABC incubation and developed (visualized) with 3,3'-
diaminobenzidine (DAB) chromogen (Sigma-Aldrich, St. Louis MO, USA) as previously 
described [8, 156]. After PBS washing, the slides were lightly counter-stained with H & E, 
blued in running tap water (30 min), dehydrated in ascending grades of ethanol, cleared in 
two runs of xylene and mounted with coverslips using Mountex (Histolab Products AB, 
Göteborg, Sweden).
Negative controls included sections from tissues not expressing the respective antigens as 
well as substitution of the primary antibody by buffer. Positive controls included tissue 
sections (lymph nodes and tonsils) with known expression of the antigen under 
investigation. These controls were included in each experiment [4, 152]. 
Tissue Immunofluorescence assay (IFA) [I-III]: Single, double and triple antibody IFA 
was performed as described in Paper I-III, and previously [56]. Briefly, paraffin sections 
(4 ) were deparaffinized in xylene and rehydrated in descending grades of alcohol (100% - 
70%) to distilled water and heated by microwave for 6 minutes at 100oC (in citrate buffer 
pH 6) for antigen retrieval as previously described [4, 8]. Non-specific antibody binding 
was blocked by incubation with normal serum (species corresponding to that of the 
detection system). Incubations with primary antibody were done either at 37 0C for one 
hour or at 40C overnight. Detection was performed with anti-species Ig conjugated with 
biotin and detected with Avidin Cy5 and with anti-species Ig conjugated with FITC or Cy3 
and visualised by a fluorescent microscope (Olympus BX60) equipped with digital camera 
(Sony DKC-5000). Appropriate filters were used for specific FITC, Cy3, Cy5, and DAPI 
imaging, which were edited and overlaid using Adobe Photoshop 6.0 or 7.0 (I-III). 
3.4 Cytology (II-V): 

1. Cell culture (II-IV): The HHV-8 infected body cavity-based lymphoma (BCBL-1) 
cells (kindly provided by G. Gaidano) and cells derived from pleural effusion 
lymphomas (PEL) [31] were used as positive controls for HHV-8 latent and lytic 
antibody immunoassays. These were cultured [Immune and Gene Therapy Lab., 
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Cancercentrum Karolinska (CCK)] in RPMI 1640 medium (Gibco, BRL, UK) 
containing 10% heat-inactivated FCS serum, 2 mM L-glutamine, 100 IU/ml 
penicillin and 100 g/ml streptomycin at 37 C and 5% CO2. To induce lytic gene 
transcription, cells were cultured with 20 ng/ml of 12-O-tetradecanoylphorbol-13-
acetate (TPA) [Sigma Chemical Co., St. Louis, Mo.] as previously described [20, 
157], and harvested after 72 hours and washed with PBS and used for cytospin on 
SuperFrost® slides (Menzel GmbH & Co KG, Braunschweigh, Germany). The 
slides were fixed for 10 minutes in 4 % paraformaldehyde (PFA) and washed 
before immunostaining as previously described [20]..

2. Cyto-morphometry [V]: Lymphoma and control tonsillar nuclei extracted by 
protease treatment as previously described [158, 159] (see item 3.7 on flow-
cytometry below), were stained with DAPI and mounted with Vectashield [Vector 
Laboratories, Inc. Burlingame, CA, USA] medium for fluorescence microscopy on 
SuperFrost® slides. The mean size (S) and pleomorphism (P) of DAPI stained 
tonsillar nuclei were used as subjective unity and were termed S0 and P0. Thus 
relative nuclear size (RNS) was the percentage size in excess of S0 evaluated as 
S0+size increase 25%=S1, S0+increase of 26-50%=S2, S0+increase of 51-75%=S3 
and S0+increase>75%=S4. Evaluation of nuclear pleomorphism was P1=mild, 
P2=moderate and P3=high.  Mitotic figure counts (MFC) were evaluated on routine 
H & E sections. High power field (HPF) refers to x 400 microscopic magnification.  

3.5 Serum studies: (II-V): Sera from ante-cubital fossa venous blood were collected in 
empty-sterile bottles from KS (II-IV), non-KS conditions and ML patients (IV & V) 
attending the hospital. KS patients’ sera were tested routinely for HIV upon counselling by 
clinicians and stored at -70oC for further studies.  
3.5.1 Serology by enzyme-linked immunosorbent assay (ELISA) 

For HIV-1 (II, IV & V): Antibodies to HIV-1 were screened using Enzygnost anti-
HIV-1+2 Plus ELISA (Behring, Marburg, Germany) and reactive samples were 
confirmed on Wellcozyme recombinant anti-HIV-1 ELISA (Murex Diagnostic, UK) as 
previously described [4, 160]. 
For HHV-8 (IV): For HHV-8 antibody evaluation an IgG enzyme immunoassay (EIA) 
Kit (96 Wells, HHV-317-02) from Biotrin International (Dublin, Ireland) was used. 
This is a direct EIA based on the binding of antibodies to lytic HHV-8 peptide antigens 
coupled to microtitre test strips. Bound antibodies are detected by an antihuman IgG 
peroxidase conjugate and a 3,3',5,5'-tetramethylbenzidine (TMB) dark blue substrate 
reaction (BioFX Laboratories, Inc. Owings Mills, MD). The use of lytic peptide 
epitopes derived from various HHV-8 viral proteins ensures both a high sensitivity and 
specificity. The Kit has no detectable cross-reactivity with HIV/EBV antibodies.

3.5.2 Serology by immunofluorescent assay (IFA) [IV]: HHV-8 serology by IFA (figure 
3) was performed [Swedish Institute for Infectious Diseases Control (SMI) and 
Immunopathology Lab] on cytospins of BCBL-1 cells [29] using patients sera as well as 
control lytic (K8.1 and ORF 59) and latent (ORF 73 or LANA) antibodies [Advanced 
Biotechnologies Inc. (Columbia, MD)] as previously described [5,8]. Results were 
evaluated and documented by microphotography (Immunopathology Lab). 
3.5.3 Serology controls: Controls included sera from known HHV-8+ KS patients and the 
HHV-8 infected BCBL-1 cells provided an internal positive control for IFA sensitivity. 
Negative controls for both IFA and ELISA included sera from known HIV and HHV-8 
negative non-KS patients and PBS. 
3.6 Real-time PCR (III): DNA was extraction from sera using the Qiamp Blood Kit 
(Qiangen Gmbh, Hilden, Germany) according to manufacturer’s instruction. Real-time 
PCR (TaqMan) was performed using primers for the HHV-8 ORF26 region. All sera were 
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tested in duplicates including one inhibitor control with a positive control DNA sample 
added to the test specimen for control of possible inhibitory activity giving false negative 
results. The serum HHV-8 DNA load was determined as the mean of duplicate values. The 
number of HHV-8 genomes in each sample was calculated from an EBV DNA standard 
(Qi Amp Blood kit, Qiagen Gmbh, Hilden, Germany) as previously described [90]. The 
ABI 7700 Sequence Detection System software created the standard curve by plotting the 
Ct values against each known concentration of EBV standard.
3.7 Flow-cytometric analysis (FC) of cell nuclei [V]: FC on suspensions of extracted ML 
and control tonsillar nuclei was performed as previously described [161]. Selected, non-
necrotic tumour regions containing 70% neoplastic tissue in 90 m thick sections were 
dissected, deparaffinized, rehydrated and digested for 1 hour at 40°C with 0.1% w/v Sigma 
protease XXIV (Sigma P8038) [Sigma-Aldrich, St. Louis, MO, USA] in Tris buffer [0.1M 
Tris, 0.07M NaCl (pH 7.2) [Merck, Darmstadt, Germany]. The obtained free nuclei in 
suspension were stained for 30  with 6-diamidino-2-phenylindole (DAPI) solution (10 M
DAPI in 800mM disodiumhydrogenphosphate) [Sigma D9542, Sigma-Aldrich, St. Louis, 
MO, USA] and evaluated for DNA content by flow cytometry (  2x104 nuclei per 
histogram). For the FC analysis, a PAS II (Particle Analysing System)-cytometer (Partec, 
Münster, Germany) and a LSRII Flow Cytometer (BD Biosciences, San Jose, CA) were 
used. The ModFit Program (Verity Software House; Topsham, ME, USA) was used for 
cell cycle analysis.  Ploidy [DNA index (DI)] of diploid and aneuploid ML cell populations 
was compared to normal tonsil cells as previously described [158, 159].
3.8 In-situ hybridization (ISH) [V]: Detection of Epstein-Barr Virus (EBV) infection was 
done by automated ISH as previously described [162] (Pathology Cell analysis Lab, 
Cancer Center Karolinska) using a fluorescein (FITC)-conjugated oligonucleotide probe to 
EBV-encoded (EBER) transcripts on FFPE tissue sections optimized for use with Bond 
Polymer Refine Detection (DS9800) and Anti-Fluorescein Antibody (AR0833) on the 
Bond-max system (Leica Biosystems Nussloch GmbH, Nussloch, Germany) according to 
the manufacturer’s instructions.  
3.9 Statistical analysis: Data was analyzed using the EPI INFO 6 statistical software 
(CDC, Atlanta, Georgia, USA) [II & IV] and the Statistical Package for the Social 
Sciences (SPSS) [SPSS Inc., Chicago Ill] (V). The Fisher exact test was used for smaller 
sample sizes.  P-values of  0.05 were considered statistically significant.
3.10 Ethical clearance: These studies were approved by the MUHAS Research Ethics 
Committee and the Ethical Committee, Karolinska University Hospital Solna (Dnr 01-
096).
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4. RESULTS AND DISCUSSIONS OF THE KS STUDIES (I-IV) 

35B4.1 General demography and frequency of the KS cohort (II) 
Approximately, 700 KS (11.1%) biopsies from 465 males and 235 females of which 488 
were AKS (69.7%), 100 were EKS (16.0%) and 112 were of unknown HIV status were 
registered between 1990 and 2005 at the Department of Histopathology and Morbid 
Anatomy, MNH, Tanzania. Furthermore, a total of 78 oral KS (OKS) cases, 24 males 
(30.8%) and 54 females (69.2%) were collected during the period. The median age for 
OKS of males and females (p-value=0.03) was 38 and 31 years respectively (II). 

36B4.2 Clinical presentation of the KS cohort (II-IV) 
Cutaneous KS data from Tanzania are also previously reported by us [10, 11, 15, 16, 20, 
56, 64, 102, 118-120], so here the clinical picture of patients with oral KS at MNH is 
summarized. Most OKS patients (46/78, 59.0%) presented with primary, clinically 
localized disease but a greater proportion (50.0%, 12/24) of males than females (37.0%, 
20/34) presented with disseminated KS at first diagnosis (II). The clinical records seem to 
indicate that males were 4-times more likely to develop multicentric OKS than females. 
Palatal KS lesions were most frequent (55.1%, 43/78) followed by the tongue (25.6%, 
20/78) whereas KS in buccal mucosa (23.1%, 18/78), and other sites (tonsils, oropharynx) 
were rare (II). 

37B4.3 General Histopathology of the KS cohort (II & IV) 
Of the studied KS cases, most were nodular stage at cutaneous (87.8%) or 
lymphadenopathic (12.2%) sites (IV) and out of the 78 OKS biopsies, 17 (21.8%) 
presented with patch KS, 13 (16.6%) with plaque, and 48 (61.5%) with nodular 
histopathology, respectively. Most 36/48 (75.0%) patients with nodular-stage histology had 
apparently non-disseminated OKS at first diagnosis (p-value=0.0013) [II] and all children 
with OKS (n=5) presented with nodular-stage disease (II). 

38B4.4 KS spindle cell (SC) immunophenotypes (I and II) 
In both early and late stage AKS and EKS most SC expressed lymphatic markers LYVE-1, 
D2-40 and VEGFR-3 as well as the endothelial precursor VEGFR-2 (I) and CD34 (I & II), 
is the later also a marker of bone marrow derived stem-precursor cells. LYVE-1+ was the 
most frequent SC phenotype in early and late nodular stage KS and the majority of these 
cells also expressed VEGFR-3 and D2-40 (I). The expression of the lymphatic as well as 
vascular endothelial cell/endothelial precursor cell markers increased from early to late 
stage KS. These findings strongly support previous studies suggesting that individual KS 
SC express a lymphatic, vascular [115, 123, 125], or “mixed” phenotype [17, 64, 119, 
120]. Tumor evolution from early to late stage KS thus reflects increase in SC due to both 
proliferation, accumulation (recruitment of SC precursors) and survival (anti-apoptosis) 
promoted by HHV-8 viral genes [64] (I & II).  

62B4.4.1 LANA expression and association to KS SC phenotype (I & II) 
Most CD34+ cells in early and late stage KS were immunoreactive for LANA  
(CD34+/LANA+) but a considerable number of CD34+ SC were LANA- at all AKS/EKS 
stages (I & II). However, all LANA+ cells were LYVE-1+ in early and late KS and LANA 
appeared better correlated to LYVE-1 than to CD34 expression [I]. This apparent 
heterogeneity in viral permissiveness of CD34+ SC seems less compatible with a clonal 
CD34+ SC proliferation and virus transfer but appears to indicate that also non-infected 
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CD34+ SC are continuously recruited from progenitor cells and locally triggered to develop 
permissiveness to HHV-8 infection (I). 
LANA+ but CD34- (I) cells were more frequent in early than late lesions and most of these 
cells expressed lymphatic endothelial (LEC) markers such as LYVE-1, VEGFR-3 and D2-
40 (I), suggesting that the resident LECs represent an early target of primary HHV-8 
infection. This is also supported by other studies [125] showing that infected LECs have a 
higher HHV-8 genome copy number than VECs. Obviously a high viral copy number may 
result in an efficient maintenance and propagation of episomal HHV-8 DNA in dividing 
and migrating LECs. Also in-vitro activation of VEGFR-3 has been shown to increase 
endothelial cell migration and to enhance cell susceptibility to HHV-8 infection and 
transformation [163]. Hence, the activation of VEGFR-3 (I) in LANA+/VEGFR-3+ SC 
observed in our study at the early stage of KS thus favours an increased endothelial cell 
migration (recruitment) and transformation to tumor SC including formation of 
pathological vascular slits during KS development.  
Most likely, recruited endothelial precursor cells become infected in the lesion as evident 
from the increase in frequency of LANA+/CD34+/VEGFR-2+ cells (I) during KS 
development. All these LANA+/CD34+/VEGFR-2+ cells also expressed LEC markers 
(LYVE-1, VEGFR-3 & D2-40), indicating that after infection these cells apparently 
undergo a phenotype switch including upregulation of the LEC markers [115, 125, 126]. 
These findings also corroborate those by Wang and colleagues [125] showing that HHV-8 
infects both LECs and VECs in-vitro, driving their gene expression profile closer to that of 
each other, as well as studies on in-vitro infection of CD34+ human dermal microvascular 
endothelial cells (HDMEC) [127] with HHV-8 [126], showing upregulation of LEC 
markers such as LYVE-1 expression in the infected HDMEC. Our finding that during 
progression to nodular KS, the proportion of LANA+/LYVE-1+/CD34+ cells  increases 
significantly (60% to 85%) could thus indicate that HHV-8 infection promotes (a) the 
change of LEC towards a VEC phenotype (CD34+) (b) changes of VEC towards a LEC 
phenotype, (c) recruitment of CD34+ endothelial progenitor cells and (d) accumulation of 
a mixed population according to (a), (b) and (c).  

63B4.4.2 KS SC and proliferation (II) 
A gender difference was also observed with regard to tumour cell proliferation (Ki-67 
immunoreactivity) in adult OAKS with a statistically significant (p-value=0.04) difference 
in mean Ki-67+ cell frequency for males (23.5%) and females (18.0%) [II]. This was 
apparent also from evaluations of proliferating HHV-8 infected SC (LANA+/CD34+/Ki-
67+) or triple positive cells which were statistically significantly higher in male 
(median=19.3%) than in female nodular OAKS (median=9.5%, p-value=0.02) [II] and 
generally, showed a positive correlation (R2 0.60%) between HHV-8 LANA+ expression 
and Ki-67 immunoreactivity in biopsies [II]. These findings apparently indicate that 
LANA+ cells have a proliferative advantage [164]. The proliferating LANA+/CD34- cells 
(II) probably represent lymphatic endothelial cells since from our study (I) all 
LANA+/CD34- cells were LYVE-1+. However, the LANA+/CD34-/LYVE-1+ cell 
population decreased during the development of early (patch) to late (nodular) KS stage (I) 
indicating that in the initiation of the KS lesion, proliferation of resident lymphatic 
endothelia is necessary, but that later during KS development there is a continuous 
recruitment of non infected endothelial precursor cells into the KS lesion probably 
promoted by various inflammatory cytokines (e.g. IL-1, IL-6, TNF) [119, 165] as well as 
by HIV related angiogenic growth factors (FGF, VEGF, HIV-1 Tat) [32, 141, 166] 
Moreover, the median Ki-67+ count also appeared higher in children (22.8%) than adult 
(17.2%) nodular OAKS [II].
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64B4.4.3 HHV-8 expression (LANA IHC) and viral load (RT-PCR) in KS lesions (II, III) 
Sex differences in LANA expression and HHV-8 load in KS lesions (II) as well as in 
HHV-8 antibody expression in serum of KS patients (IV) 
Nodular oral AKS (OAKS) of adult males (despite their small number) had more LANA+ 
cells (median=67.6%) than females (40.4%), a statistically significant difference (p-
value=0.02) [II]. Similarly, LANA+ granules/nucleus (gr/n) in adult nodular OAKS 
showed a somewhat higher median value in male (18.5gr/n) compared to female (10.0gr/n) 
biopsies. Concordantly, biopsies from adult male nodular oral AKS had more 
(median=64.9%) LANA+/CD34+ (SC) per HPF compared to females (45.9%), a 
statistically significant difference (p-value=0.03) [II].
The apparently higher lesional HHV-8 content (LANA+ cell frequency and granule 
count/nucleus) in male than female KS lesions as well as the predilection for systemic 
dissemination and multi-centricity of oral lesions in males compared to females (II), agrees 
with the notion of KS as a predominantly male disease (II & IV). Thus at the tissue level, 
males may be more susceptible to HHV-8 infection than females which in part may be due 
to a cytogenetic predisposition in males [109] as well as other biological factors as 
discussed (II & IV). Furthermore, The apparent predominance of females [male:female 
ratio=1:2.3] in the current Tanzanian OAKS cohort (II), is obviously in contrast with the 
usual male predominance in KS as reported previously [20, 56, 98, 99, 103]. The reasons 
for this female OAKS predominance are not clear and may include a recruitment bias, but 
it is noteworthy that other reports from East Africa have recorded a dramatic male:female 
ratio decline in KS [16, 100, 101] (II). 
Evidently, the finding that HHV-8 was more prevalent in male KS, is concordant to our 
previous reports and others [11, 16, 20, 167] on HHV-8 seroprevalence in KS and 
corroborates our results (II) that KS is predominantly a male disease in all its forms (paper 
IV). Reasons for this sex differences are yet not fully clarified although various biological 
and socio-behavioral factors may be considered (II & IV). Recently in a comparative 
genomic hybridization (CGH) and interphase-fluorescence in-situ hybridization (interphase 
FISH) study [109], we have reported cytogenetic differences between male and female KS 
patients including the loss of chromosome Y observed in all early and the majority of late 
male AKS and EKS representing a clonal genomic change [109]. 
Age related HHV-8 expression in KS lesions (II) 
Evaluation of lesions in children <15 and adults 15 years (II) showed that childhood 
compared to adult OAKS had significantly higher median LANA+, LANA+/CD34+ and 
LANA+/CD34+/Ki-67+ cells and also higher median LANA+ granule counts (II). That 
OAKS in children had significantly more HHV-8 tumor cell association (LANA+ cell 
frequency and granule count/nucleus) than adults (II) may indicate, for unclear reasons, 
increased susceptibility in children and also emphasizes the importance of horizontal 
transmission (oral exposure) by vertical mother-to-child transmission [16, 168-170] (II).  
Anatomic (oral-cutaneous) differences in LANA expression and HHV-8 load in KS 
lesions (II & III) 
Comparison of oral (OAKS) and cutaneous (cAKS) nodular AKS showed that LANA+ 
cells (II & III) were significantly (p-value =0.03) more frequent in OAKS than cAKS, both 
in cases matched for stage, sex and HIV-1 status and those that were unmatched (II). Also, 
LANA+/CD34+ and triple-positive (LANA+/CD34+/Ki-67+) SC appeared to be more 
frequent in nodular OAKS than cAKS (II). Furthermore, IHC findings were corroborated 
by viral load (in copy number/μl DNA sample) studies as determined by qRT-PCR (III). 
No significant difference was seen in viral load in early stage (patch/plaque) of oral 
(OAKS, mean=125±9) and cutaneous AKS (cAKS, mean=100±15). However, a significant 
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viral load difference was seen in late nodular lesions with median viral loads of 400 and 
270 (P < 0.04), for OAKS and cAKS respectively (III). 
The apparent higher HHV-8 content (LANA) [II & III] and viral load (III) in oral than 
cutaneous AKS (cAKS) also indicates that the oral cavity is an important portal of entry 
and reservoir for HHV-8. In contrast, the skin although most often the primary site of KS 
development, seems to be less important for transmission particularly in Africa where the 
oral cavity and saliva reportedly are the most important routes [168, 169]. 
KS tumor stage differences in LANA expression and HHV-8 load (II & III) 
Stage-dependent differences in HHV-8 cell expression and viral load of cutaneous KS have 
been reported by us previously in studies using LANA double-triple IFA [56] as well as by 
a semi-quantitative PCR assay [102]. LANA IFA studies were now also conducted in oral 
KS tissues (II). Furthermore, our previous semi-quantitative PCR results needed to be 
confirmed by a quantitative real-time PCR assay (III). The increase in the number of 
LANA+/CD34+ (double+) and LANA+/CD34+/Ki-67+ (triple+) cells during KS 
development from early patch stage to the late nodular stage in cutaneous KS lesions 
agrees well with the stage-dependent LANA immunoreactivity (II) as well as with the 
significant higher viral load (P<0.005) found in nodular AKS (mean±sem=270±25) 
compared with patch/plaque AKS (mean±sem=100±15) as well as in nodular 
(mean±sem=185±20) vs. patch/plaque EKS (mean±sem=90±5, P<0.005) cases reported in 
our current studies (III). These results thus indicate as expected that in the tumor, HHV-8 
viral load increases concordantly with the frequency of LANA+ SC during the progression 
of both cutaneous and oral KS lesions indicating a correlation between tumor growth and 
viral replication in the lesions. 
HHV-8 load in AKS and EKS (III) 
Previously, we have reported no significant difference in the number of LANA+/CD34+ 
and LANA+/CD34+/Ki-67+ cells between AKS and EKS between biopsies of 
corresponding histopathological stage [56]. These results were corroborated by our 
quantitative real-time PCR assay study (III) showing that the comparison between 
patch/plaque AKS (mean±sem=100±15) and EKS (mean±sem=90±5) had approximately 
the same viral load, but that it appeared higher in nodular AKS (mean±sem=270±25) than 
EKS (mean±sem=185±20), which difference however, was not statistically significant 
(III). These results on AKS-EKS tissues are concordant with our previous report that in 
HHV-8 loads in sera of AKS and EKS patients were not statistically significantly different 
although the viral load appeared somewhat higher in AKS than EKS [11]. This further 
supports the notion of comparable pathogenic mechanisms between the two clinico-
epidemiologically distinct KS forms [56]. However, the apparently higher viral content in 
AKS compared to EKS lesions observed in our studies is concordant with the notion of 
transactivation between HIV-1 and HHV-8 particularly the fact that HIV-1 Tat has been 
shown to activate HHV-8 replication in BCBL-1 cells and PBMCs from patients with 
AIDS and PEL or KS [11, 134] (III). Thus the increased clinical aggressiveness of AKS 
appears more mediated by HIV-1 factors as immunodeficiency (II) and immune activation 
than the result of different HHV-8 content in lesions and sera of AKS and EKS patients.
Differences in LANA expression and HHV-8 load in patients tissues and sera (III & IV) 
Studies comparing HHV-8 content in KS tissues/lesions and the sera of corresponding 
patients during the disease evolution from early patch to late nodular stage are poorly 
documented, apart from findings on viral load in peripheral blood mononuclear cells 
(PBMCs) as correlated to clinical stage [171, 172]. By RT-PCR (III), we observed that the 
viral load in KS biopsies during progression from patch to nodular AKS was increasing but 
appeared to decrease in the corresponding patients’ sera which differences were 
statistically significant, P< 0.005 (III). Furthermore, our finding that all sera from early 



25

stage (patch-plaque) KS were positive for anti-HHV-8 antibodies while all HHV-8 
negative sera were from LANA+ biopsies of late nodular stage patients (IV), supports our 
novel notion of stage-dependent tissue-serum discrepancy in viral loads as well as viral 
antigen and antibody expression probably reflecting virus tissue retention, immune-
segregation with selective clearance and development of immunodeficiency during KS 
evolution (III & IV). 
KS lesional HHV-8 expression and tumor proliferation (II) 
A sex difference was also observed in tumor cell proliferation (Ki-67 expression) in adult 
OAKS with a statistically significant difference in mean Ki-67+ cell frequency for males 
(23.5%) and females (18.0%) [p=0.04] (II). This was also apparent from evaluations of 
proliferating (Ki-67+), HHV-8 infected (LANA+) SC (CD34+) cells (triple positive cells) 
which were statistically significantly higher in male (median=19.3%) than in female 
nodular OAKS (median=9.5%) [p=0.02] (II). Furthermore, the frequency of triple-positive 
(proliferating KS SC) cells was also found to be significantly higher in male 
(median=17.6%, mean=20.4%) than in female OAKS (median=10.1%, mean=11.2%, 
p=0.03) [II]. Furthermore, the median Ki-67+ cell count also appeared to be higher in 
children (22.8%) than adult (17.2%) nodular OAKS. Ki-67+ expression as well as triple-
positive (LANA+/CD34+/Ki-67+) spindle cells, were more frequent also, in nodular oral 
than in cutaneous AKS, which differences were highly statistically significant (p=0.00003 
and 0.0002 respectively) [II]. This differences in HHV-8 LANA expression and cell 
proliferation (Ki-67+) patterns between sexes, age-groups and anatomical sites were 
supported by a correlation (R2=0.59 or 60%) observed between viral (HHV-8 LANA) 
content and cell proliferation in KS lesions (II). These findings thus support the notion of 
viral (LANA)-driven cell proliferation during KS oncogenesis. However, whether 
proliferation represents a prognostic indicator in KS as in ML [173] is yet to be clarified. 

4.4.4 HHV-8 and HIV-1 serology and immunology (II & IV) 
HIV-1 serology and CD4 counts: The difference between HIV infection amongst KS and 
non-KS tumor patients was statistically significant (p-value=0.046) [IV]. ELISA studies on 
all (78) OKS sera showed that 74 (94.9%) were seropositive for HIV (AKS) and 4 (5.1%) 
cases were negative (EKS) [II]. Cell counts (FACS) of available (31) OAKS patient blood 
(all HIV+) showed that 25 (80.7%) had CD4 values <10 T-cells/ l and none >50 T-
cells/ l. Concordantly, most patients (24/31, 77.4%) had a CD4/CD8 ratio <0.1 compatible 
with severe immunodeficiency (II). Furthermore, most KS cases 77.5%, (93/120) studied 
(IV) were HIV+ (AKS) and 22.5% (27/120) HIV- (EKS) [p<0.001] (II). However, most 
sera from patients with non-neoplastic conditions (70.0%, 28/40) were also HIV+ but most 
patients (95.8%, 23/24) with non-KS tumor were HIV negative.  
HHV-8 serology: All available OKS sera (33 AKS, 1 EKS) which could be screened by 
IFA microscopy for anti-HHV-8 antibodies were positive (II). Furthermore, most of the 
total cohort sera (89.0%, 164/184) were HHV-8 seropositive based on either IFA or ELISA 
indicating a high HHV-8 prevalence also among MNH patients whose biopsies were 
submitted for diagnosis (IV). HHV-8 seroprevalence was highest (93.3%, n=112/120) for 
KS cases, followed by non-KS tumors (91.7%, n=22/24) and lowest (75.0%, n=30/40) in 
non-malignant conditions, which differences were statistically highly significant 
(p=0.0039) [IV]. Evidently, most (70.3%, 114/162) HHV-8 seropositive patients were also, 
co-infected with HIV and conversely, most (80.0%, 12/20) HHV-8 seronegative were also 
non-reactive for anti-HIV antibodies (p=0.003). The HHV-8 seroprevalence ( 90%) in the 
studied cohort sera was higher than that in the healthy non-hospitalized population of about 
50% in Tanzania [11, 20] and of 70% in sub-Saharan Africa. Obviously, this high HHV-8 
frequency in patients at MNH implies a potential high risk of parenteral/iatrogenic
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transmission for both patients and staff, particularly during blood transfusion and other 
invasive procedures, as well as for intravenous drug users [20, 74, 174]. The higher (93%) 
HHV-8 prevalence in KS compared to non-KS tumors and reactive lesions is consistent 
with a causal relationship [IV].
HHV-8 serological (IFA and ELISA) assays (IV) 
Although, HHV-8 serology is prone to observer errors, sampling bias (hospital data) and a 
field that is still evolving methodologically [74], IFA apparently, showed greater 
sensitivity than ELISA, probably because IFA methods use antibodies to both lytic and 
latent antigens and that lytic are reportedly more sensitive [20]. However, our finding that 
ELISA had apparently, higher positive predictive value as well as specificity and still had a 
high sensitivity was unexpected and particularly favourable as it makes HHV-8 screening 
more affordable in a resource-constrained country like Tanzania, mostly lacking the cell 
culture and fluorescence microscopy facilities needed for IFA (IV). Consequently, HHV-8 
ELISA can allow larger-scale screening of HIV high-risk groups including blood/organ 
donors and thereby prevent KS development through early anti-HIV interventions [20, 74]. 
The IFA method also allows visual evaluation of both lytic and latent anti-HHV-8 
antibodies titers, allowing categorization of patients as HHV-8 productive and potentially 
infectious and/or in a non-productive (latent) but oncogenically more risky phase [12] 
which can be useful for consideration of clinical or public health interventions (IV). 

5. MALIGNANT LYMPHOMAS (ML) RESULTS & DISCUSSION [V] 

5.1 ML frequency, demography and presentation (V) 
During the period of study, the histopathology unit at MNH received approximately 50,000 
biopsies including about 7,000 tumors out of which a total of 336 histologically diagnosed 
(H &E) lymphoma cases consecutively collected were evaluated. In 311 of these 
information on patient sex (males 63.3%, n=197/311 and females 36.7%, n=114/311) was 
available. Their overall age ranged from 4 to 91 years with a mean 31 and median of 30 
years respectively. 
Data on clinical presentation was available in 281 patients, of which 61.2%, (172) had 
nodal and 38.8% (109) extranodal disease at diagnosis. Extranodal presentation was found 
in almost half (49.5%, 54/106) of childhood ML cases and in only 8.3% (9/43) of the 
elderly. Anatomical sites of extranodal presentation included visceral (12.5%) bone 
(10.0%) and soft tissues (6.4%) while cutaneous, oral cavity, nasal and ocular in 
descending order were rare. Further examination of the ML anatomical distribution showed 
that 45.5% (n=153) had supra-diaphragmatic, 21.7% (73) sub-diaphragmatic and 21.1% 
(71) disseminated lymphoma.  
The finding that about one-third of the ML had extranodal presentation at diagnosis is 
obviously of therapeutic importance and remarkably concordant with the 30-40% 
extranodal presentation observed among DLBCLs in Germany [175] but not previously 
documented in Tanzania. Nodal versus extranodal presentation is reportedly an important 
factor for determination of ML prognosis and pathogenicity in relation to genotypic and 
phenotypic differences. Corresponding to other studies [176-179] we also found that TCL 
were more often associated with extranodal presentation particularly cutaneous and nasal 
compared to other ML subtypes [176-179]. 

5.2 ML immunophenotypes and WHO histopathological subtypes (V) 
Of 174 biopsies selected and stained by H & E and immunoperoxidase assay (IHC), 158 
were confirmed to be ML and 134 (84.8%) NHL, including 112 (83.6%) B-cell 
lymphomas (BCL) [CD20+, CD3-] and 22 (13.7%) mature T-cell lymphomas (TCL) 
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[CD3+, CD20-]. The BCLs included 57 DLBCL (50.9%), 23 BL (20.5%) [Figure 10 (b)] 
and 32 other B-cell lymphomas (28.6%). The TCL included peripheral T-cell lymphoma 
(unspecified) (15), extranodal NK/T-cell lymphoma (nasal type) [2 cases], 
angioimmunoblastic T-cell lymphoma (AIL) [2 cases] as well as an anaplastic large-cell 
lymphoma (1 case) and one jaw and oral cases. Furthermore, 15.2% (n=24/158) cases were 
HL (CD30+) mostly classical HL (CHL) of the mixed cellularity (MC) subtype but also 
nodular sclerosis (NS) and lymphocyte rich (LR). The CHL lymphocyte depleted (LD) as 
well as the non-classical nodular lymphocyte predominant Hodgkin’s lymphoma (NLPHL) 
subtypes appeared rare. 
The dominance of B-cell lymphomas, mostly DLBCL also reported in our previous study 
[156], and the proportions of BL, TCL and HL observed at MNH appear similar to other 
studies [180, 181] suggesting the applicability of the WHO classification for Tanzanian 
ML. Furthermore, the diagnosis of TCL and sub-phenotyping of African DLBCL by IHC 
using CD10, MUM1p, BCL-6 and BCL-2 cell markers as well as the WHO classification 
of Hodgkin’s lymphoma (HL) in the current ML cohort to our knowledge is novel in 
Tanzania.

5.3 DLBCL sutypes (V) 
A total of 27 selected DLBCL biopies were further subtyped by histopathology and 
immunohistology. Most (74.1%) DLBCL cases (n=20) showed completely diffuse 
architecture but 25.9% (n=7) had follicular remnants. Using CD10, MUM1p, and BCL-6 
markers together (V), we found that slightly more DLCBL in our series showed an ABC 
immunophenotype (55.6%, n=15), by comparison to GCB immunophenotype 45% (12). 
As expected, all DLBCL with follicular remnants were GCB and most (75.0%) of those 
completely diffuse were ABC. In the present study DLBCL subtype was apparently, not 
significantly correlated to age-group, HIV serostatus, tumor proliferation (Ki-67+) or DNA 
index/ploidy status which however, could depend on the small sample size. The observed 
higher frequency of the ABC than GCB lymphomas, is concordant with several DLBCL 
studies from North America and Western Europe [182-184], which may support the notion 
of pathogenic and biological similarity between Caucasian and African DLBCL. 

5.4 ML DNA ploidy (V) 
Overall, 40% (24/60) of the NHL cases showed DNA aneuploidy and the highest 
frequency (63.0%, n=17/27) was seen in the DLBCL group followed by TCL (54.5%, 
n=6/11) while aneuploidy was rare (14.3%, n=1) in BL cases. All three control tonsil cases 
were diploid. Aneuploid DNA indices (DI) ranged from 1.103 to 2.407 (mean=1.65, 
median=1.51, SD=0.445) of which most (50.0%) were tetraploid/multiploid (DI 1.7)
[n=12/24] and 37.5% (n=9) cases were hyperdiploid (1>DI<1.3). Most of the hyperdiploid 
ML were again DLBCL (87.5%, n=7/8) and only one TCL (12.5%) was hyperdiploid. 
Most of the tetraploid ML were either DLBCL (58.3%, n=7/12) or TCL (41.7%, n=5/12) 
but not BL or other BCL (V). Furthermore, tetraploidy appeared to be more (83.3%, 5/6) 
frequent among TCL cases compared to DLBCL (47.1%, 8/17).  
The 40% rate of aneuploidy found among the Tanzanian ML patients indicates a relatively 
high prevalence of genomic instability (chromosomal aberrations) and is in general in 
agreement with previous reports from Western countries [185, 186] but higher than that 
observed among NHL in a Swedish report [187]. The high DNA indices (triploidy, 
tetraploidy and multiploidy) found in our current study is comparable to other reports [187, 
188], and appears to correlate with biological aggressiveness and poor prognosis. The 
strong correlation between aneuploidy and tumor proliferation (Ki-67) found in our study 
was expected as previously reported by others [189] and is indicative of a biological high 
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tumor grade. There was no association between aneuploidy and HIV infection in our 
cohort but previous reports suggested higher proliferation and lower DI among HIV-
associated lymphomas [190]. 

5.5 ML cell proliferation and HIV association (V) 
The mean cell Ki-67 immunoreactivity for all ML types was 40.4% (median 40.0%, SD 
22.8) and ranged from 5-90%. As expected, the highest (mean=80.0%, median=82.5%, 
range 60-95, SD=12.25) reactivity was found among BL cases followed by DLBCL (mean 
42.4%, median 40.0%, range 10-90%, SD 23.5) and closely by TCL (mean 42.3%, median 
50.0%, range 10-80%, SD 24.2). Aneuploid ML cases were more frequently associated 
with high tumor proliferation rates (Ki-67 reactivity) compared to diploid cases (p-value 
0.032). Comparison of the Ki-67 index and SPF showed a significant correlation (R2=0.55) 
between the mean SPF and Ki-67 reactivity. Furthermore, most (77.8%) of the HIV 
seropositive (n=7/9) ML cases had high ( 40.0%) Ki-67 reactivity (V). HIV screening 
(ELISA) was possible in only 10.4% (35/336) of all ML cases of which 40.0% (14/35) 
were seropositive. Apparently, most (85.7%, 12/14) of the positive cases were seen in the 
younger adults (age 18-54). Furthermore, most (77.8%) of the HIV seroreactive (n=7/9) 
ML showed high ( 40.0%) Ki-67 reactivity. HIV association with sex, clinical 
presentation (disease extent and anatomic location), EBV infection (EBER+ ISH), and 
DNA index (ploidy) of ML cases appeared not statistically significant which could be due 
to small samples. The finding that increased tumor proliferation in our current cohort 
appeared correlated to HIV infection, is concordant with previous reports [190, 191] and 
supports the notion of viral-associated/driven tumor proliferation as a biological role in the 
oncogenesis of HIV-related malignancies similar to that reported for HHV-8 and Kaposi’s 
sarcoma (II). 

5.6 EBV association of ML (V) 
EBER in-situ hybridization (ISH) (V) was evaluated on 37 ML cases of which the majority 
(51.4%) were positive (19/37). Interestingly, EBER+ appeared correlated to the GCB 
DLBCL immunophenotype (41/%, 5/12) compared to a lesser (33.3%, 5/15) proportion of 
ABC cases (p-value<0.001). The apparent increased association of the GCB 
immunophenotype with EBV (EBER+ ISH) infection in our studied cohort, is of interest 
and is consistent with other reports [192] including that showing close association between 
EBV and germinal center cells during B-cell development [192] but has not been 
previously documented in Tanzania.  

15B
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6. GENERAL CONCLUSIONS 

KS: Lymphatic endothelial (LEC) markers including LYVE-1, VEGFR-3 and D2-40 were 
the most frequent SC phenotype in early and late nodular stage KS and HHV-8 LANA 
expression seemed better correlated to LYVE-1 (LEC) than to CD34 (vascular endothelial 
cell or VEC marker) expression in early KS suggesting that the resident LECs represent an 
early target of primary HHV-8 infection (I). The expression of both lymphatic (LEC) as 
well as vascular (VEC) markers was evident in late-stage KS suggesting a possible (LEC-
VEC) phenotype switch as well as recruitment of VEC precursors during development of 
the KS lesion (I). 
Oral Kaposi's sarcoma (OKS) is frequent (11%) among KS patients at MNH and is highly 
associated with HIV infection and advanced (nodular) histological stage (II).  
HHV-8 lesional content (LANA immunoreactivity) is higher in nodular oral AIDS-related 
KS (AKS) lesions of males than females and of children than adults (II).
Males appeared to have larger tumor burden (multicentricity and systemization) although 
OKS frequency among females is seemingly higher (II) as well as higher HHV-8 
seroprevalence (IV).  
Oral AKS had higher HHV-8 content (LANA expression) than cutaneous AKS which 
appeared correlated to tumoral cell proliferation (Ki-67 expression) [II]. Real-time PCR 
studies also showed higher HHV-8 load in OKS compared to cutaneous KS (III).  
HHV-8 seroprevalence was high among studied patients at MNH including AKS and HIV 
seronegative non-KS tumors (IV).
ELISA showed a combination of high HHV-8 sensitivity as well as higher PPV and 
specificity compared to IFA which however showed higher sensitivity (IV).
An apparent stage-dependent tissue serum discrepancy in HHV-8 antigen (LANA) and 
corresponding antibody expression (serology) [IV] was observed. Similarly, using a 
sensitive real-time PCR for HHV-8/KSHV, an inverted correlation of viral load in serum 
and corresponding KS biopsies was also found (III) which supports the notion of immune-
segregation and/or selective virus clearance during KS evolution (III, IV). This finding 
suggests serum HHV-8 viral loads are insufficient in evaluating KS natural history, 
response to therapy and a possible correlation to the clinical picture. 
HHV-8 screening of patients at risk of KS and of blood and organ donors particularly in 
high endemic areas will evidently be of help to prevent development of KS (III, IV).
ML: The WHO classification apparently includes the diagnosis of most Tanzanian ML 
types (V).
Extranodal presentation of ML was frequent particularly for T-cell lymphomas (TCL). 
Diffuse large B-cell lymphoma (DLBCL) phenotype heterogeneity and frequency at MNH 
was fully comparable to that observed in Western countries suggesting applicability of 
similar, diagnostic, prognostic and therapeutic approaches (V).  
ML at MNH appeared to have frequent aneuploidy, EBV infection as well as high DNA 
indices and cell proliferation (Ki-67).
HIV appears associated with increased MNH ML cell proliferation but extended studies 
are needed to confirm this (V). 



30

7. ACKNOWLEDGEMENTS 

I am sincerely grateful to the Almighty God who gave me the opportunity, safety and 
sound health which enabled me to study my PhD degree in Stockholm, Sweden over these 
years.

This work is supported by the Swedish International Development Agency (Sida), 
Department of Research Cooperation (SAREC) and by Swedish Cancer Society, Cancer 
Society of Stockholm and Karolinska Institutet research fund. The studies were done in a 
“sandwich” model with the Muhimbili University of Health and Allied Sciences 
(MUHAS) through the TANSWED HIV PROGRAMME PROJECT E. 

I extend my sincere gratitude: 
To all my supervisors who made this work possible; Prof. Peter Biberfeld and Prof. Anna 
Porwit (Karolinska Institute, Sweden) as well as Prof Ephata Kaaya [Muhimbili University 
of Health and Allied Sciences (MUHAS) Tanzania], for their teaching, constant guidance, 
encouragement, constructive criticism and for using much of their precious time. I am very 
grateful to all of them. Prof. Kaaya also, mentored my pathology specialization (MMed) 
studies at Muhimbili before Prof. Biberfeld took over guiding my PhD studies.  

To TANSWED coordinators: Prof. Gunnel Biberfeld (Karolinska Institute, Sweden), Prof 
Fred Mhalu (MUHAS, Tanzania), and principal investigators, Profs. Peter Biberfeld and 
Ephata Kaaya who helped me with specimen collection and storage, reagents as well as 
material and academic support. 

To my research-mates and co-authors: for the very friendly and necessary exchange of 
skills and expertise, as well as caring advice on research work and life, Drs. Pawan 
Pyakurel, Fatemeh Pak, Parviz Kokhaei as well as my laboratory colleagues Drs. Charles 
Massambu and Anna Kwicienska who gave constant moral and research advice. 

To the Head of Department (HoD) of Pathology (MUHAS) Dr. Edda Vuhahula for kindly 
giving me permission for travels to Sweden for my studies and for general encouragement 
as well as Dr. Praxeda Ogweyo, Director of Clinical Support Services (formerly HoD of 
Histopathology and Morbid Anatomy, MNH) for kindly allowing the study to go on and 
for the provision of biopsies and histopathological reports. I also like to acknowledge 
moral support and encouragement from my colleagues (Dept. of Pathology, MUHAS), as 
well as Profs. David Ngassapa and Amos Maselle (MUHAS) and my undergraduate (MD 
and DDS) students during the course of my studies. 

To Sören Linden, Joe Lawrence and Eva-Lena from the CCK Core Facility for in-house 
laboratory support and for making my research-work enjoyable.

To my collaborators: Drs. Thomas Heiden and Esmeralda Castaños-Vélez (Berlin 
Germany) as well as German Wannhoff and Juan Castro (CCK) who supported and 
facilitated the lymphoma DNA ploidy study. I am very much obliged to them. 

To Onjection Byobangamba and Marianne Ekman for continuous and outstanding 
technical support, advice and sympathy.  



31

To Anki Popescu-Greaca, Evi Gustafson-Kadaka (CCK), for all administrative and logistic 
help and support for the entire time of my study, I really appreciated their kindness and 
caring nature for all these years and to Anita Östborn for her administrative help and 
shipment of samples to Stockholm. 

To other co-authors: Prof. Willy Urassa and Dr. Innocent Mosha, whose contributions to 
my studies were invaluable. 

To Department of Histopathology, MNH, Dar Es salaam: Vera Nelson, Angelika Magogo, 
Mr. O. Mbwana, Mr. Kimwaga and Sina Mohamed (MNH) as well as Mr. Jafari Sufi 
(Microbiology/Immunology, MUHAS), for their technical support. Mrs. Esther Livoga 
provided excellent secretarial and moral support. I also gratefully acknowledge Prof L. 
Lema, Dr. J. Magandi and Dr. S. Kaali (General Surgery), Prof P. Carneiro (Pediatric 
surgery), Dr B. Kalyanyama and Dr. C. Mumena (Oral surgery), Dr. T. Ngoma, Dr J. 
Luande, Dr. M. Diwani and N. Mohamed (Ocean Road Cancer Institute) as well as Dr. 
Grace Magembe (then Intern MNH) for the collection of patient's tissue biopsies and sera 
as well as the Department of Microbiology/Immunology Dept for HIV serology and for 
storage of the sera used in this work.

To all patients and blood donors involved in my studies for provision of diagnostic samples 
that made my studies possible. I appreciate very much your input in my studies. 

To Rev. Huruma Nkone, Senior Pastor at Victory Christian Center (VCC), Dar es Salaam 
as well as Pastors Catherine, Derek and Felix from Stockholm City Community Church 
and the congregation members at these churches for their prayers, encouragement and 
interest in my studies. I furthermore, wish to acknowledge the Rev. Bishop Amulike 
Mboya and his son and my friend Mr. Ndiku Mboya for spiritual guidance and prayers 
earlier on, which helped me during the many challenges of youthhood.  

I thank all my friends in Sweden including Ms. Hellen Kafumba, Mr. Francis Mwaipaja 
(Diplomats at the Tanzanian Embassy in Sweden), Mr. Göran Tegner, Tuula and Magarita 
(Filadelphia Kyrkan), Hussein Simba, Monica Nyoni, Jeffy Mwakalinga, Dr. Job Chaula, 
Dr. Billy Ngasala, Dr. Archuyt Bhatarrai, Dr. Shelton Mariga and others for helping me 
enjoy my stay, being with me during difficult times and lending material and moral support 
to me.  

Special thanks and love should go to my parents Rodger and Mfikile Mwakigonja for their 
prayers, blessings and guidance, as well as to my brothers Benjamin, Lutufyo, Daudi and 
Isakwisa and sisters Anna and Suma for their moral and material support. I also gratefully 
acknowledge the encouragement I received from my in-laws (the Kyejos). 

Lastly but by no means least, my very sincere thanks to my beloved wife Dr. Erica Thomas 
Mwakigonja (Mrs) as well as my beloved son Daniel and my two sweet princesses; 
daughters Faith (Nana) and little Nancy for their love, care, prayers, moral and material 
support as well as understanding. They endured my long and seemingly, endless absences 
from home for studies. They sent me lovely and encouraging text messages, letters, e-mails 
as well as supportive phone calls. My studies would have been impossible without them. 



32

8. REFERENCES

1. Shors AR: The global epidemiology of HIV/AIDS. Dermatologic clinics 2006,
24(4):413-420, v. 

2. Somi GR, Matee MI, Swai RO, Lyamuya EF, Killewo J, Kwesigabo G, Tulli T, 
Kabalimu TK, Ng'ang'a L, Isingo R et al: Estimating and projecting HIV 
prevalence and AIDS deaths in Tanzania using antenatal surveillance data. BMC 
public health 2006, 6:120. 

3. Motomura K, Chen J, Hu WS: Genetic recombination between human 
immunodeficiency virus type 1 (HIV-1) and HIV-2, two distinct human 
lentiviruses. Journal of virology 2008, 82(4):1923-1933. 

4. Mwakigonja AR, Kaaya EE, Mgaya EM: Malignant lymphomas (ML) and HIV 
infection in Tanzania. J Exp Clin Cancer Res 2008, 27(1):9. 

5. Ghate M, Deshpande S, Tripathy S, Nene M, Gedam P, Godbole S, Thakar M, 
Risbud A, Bollinger R, Mehendale S: Incidence of common opportunistic 
infections in HIV-infected individuals in Pune, India: analysis by stages of 
immunosuppression represented by CD4 counts. Int J Infect Dis 2008.

6. Ward J, Barker E: Role of natural killer cells in HIV pathogenesis. Current 
HIV/AIDS reports 2008, 5(1):44-50. 

7. Nomaguchi M, Fujita M, Adachi A: Role of HIV-1 Vpu protein for virus spread 
and pathogenesis. Microbes Infect 2008.

8. Kaaya E, Castanos-Velez E, Ekman M, Mwakigonja A, Carneiro P, Lema L, 
Kitinya J, Linde A, Biberfeld P: AIDS and non AIDS-related malignant lymphoma 
in Tanzania. African health sciences 2006, 6(2):68-74. 

9. Mbulaiteye SM, Katabira ET, Wabinga H, Parkin DM, Virgo P, Ochai R, Workneh 
M, Coutinho A, Engels EA: Spectrum of cancers among HIV-infected persons in 
Africa: the Uganda AIDS-Cancer Registry Match Study. Int J Cancer 2006,
118(4):985-990.

10. Chandra A, Demirhan I, Massambu C, Pyakurel P, Kaaya E, Enbom M, Urassa W, 
Linde A, Heiden T, Biberfeld P et al: Cross-talk between human herpesvirus 8 and 
the transactivator protein in the pathogenesis of Kaposi's sarcoma in HIV-infected 
patients. Anticancer Res 2003, 23(1B):723-728. 

11. Massambu C, Pyakurel P, Kaaya E, Enbom M, Urassa W, Demirhan I, Loewer J, 
Linde A, Chandra A, Heiden T et al: Serum HHV8 DNA and Tat antibodies in 
Kaposi's sarcoma patients with and without HIV-1 infection. Anticancer Res 2003,
23(3B):2389-2395.

12. Pyakurel P, Pak F, Mwakigonja AR, Kaaya E, Biberfeld P: KSHV/HHV-8 and HIV 
infection in Kaposi's sarcoma development. Infectious agents and cancer 2007, 2:4. 

13. Chokunonga E, Levy LM, Bassett MT, Borok MZ, Mauchaza BG, Chirenje MZ, 
Parkin DM: Aids and cancer in Africa: the evolving epidemic in Zimbabwe. Aids 
1999, 13(18):2583-2588. 

14. Kaposi M: Idiopathisches multiples pigment sarcoma de Haut. Arch Dermatol 
Syphil 1872, 4(265). 

15. Biberfeld P, Ensoli B, Sturzl M, Schulz TF: Kaposi sarcoma-associated 
herpesvirus/human herpesvirus 8, cytokines, growth factors and HIV in 
pathogenesis of Kaposi's sarcoma. Curr Opin Infect Dis 1998, 11(2):97-105. 

16. Amir H, Kaaya EE, Manji KP, Kwesigabo G, Biberfeld P: Kaposi's sarcoma before 
and during a human immunodeficiency virus epidemic in Tanzanian children. The
Pediatric infectious disease journal 2001, 20(5):518-521. 



33

17. Biberfeld P, Lebbe C, Tschachler E, Luppi M: Human herpesvirus-8 and HIV. In: 
Viral co-infections in HIV Impact and managment:. In: Lalezari J, Moyle G. vol. 
Chapter 4: Remedica; 2002: 63-91. 

18. Pak F, Mwakigonja AR, Kokhaei P, Hosseinzadeh N, Pyakurel P, Kaaya E, 
Bogdanovic G, Selivanova G, Biberfeld P: Kaposi's sarcoma herpesvirus load in 
biopsies of cutaneous and oral Kaposi's sarcoma lesions. Eur J Cancer 2007,
43(12):1877-1882.

19. Kaaya EE, Parravicini C, Sundelin B, Mgaya E, Kitinya J, Lema L, Luande J, 
Biberfeld P: Spindle cell ploidy and proliferation in endemic and epidemic African 
Kaposi's sarcoma. Eur J Cancer 1992, 28A(11):1890-1894. 

20. Enbom M, Urassa W, Massambu C, Thorstensson R, Mhalu F, Linde A: Detection 
of human herpesvirus 8 DNA in serum from blood donors with HHV-8 antibodies 
indicates possible bloodborne virus transmission. J Med Virol 2002, 68(2):264-267. 

21. Sturzl M, Blasig C, Schreier A, Neipel F, Hohenadl C, Cornali E, Ascherl G, Esser 
S, Brockmeyer NH, Ekman M et al: Expression of HHV-8 latency-associated T0.7 
RNA in spindle cells and endothelial cells of AIDS-associated, classical and 
African Kaposi's sarcoma. Int J Cancer 1997, 72(1):68-71. 

22. Boshoff C, Weiss RA: Epidemiology and pathogenesis of Kaposi's sarcoma-
associated herpesvirus. Philos Trans R Soc Lond B Biol Sci 2001, 356(1408):517-
534.

23. Beral V: Epidemiology of Kaposi's sarcoma. Cancer surveys 1991, 10:5-22. 
24. Weiss SH, Biggar RJ: The epidemiology of human retrovirus-associated illnesses. 

The Mount Sinai journal of medicine, New York 1986, 53(8):579-591. 
25. Dourmishev LA, Dourmishev AL, Palmeri D, Schwartz RA, Lukac DM: Molecular 

genetics of Kaposi's sarcoma-associated herpesvirus (human herpesvirus-8) 
epidemiology and pathogenesis. Microbiol Mol Biol Rev 2003, 67(2):175-212, table 
of contents. 

26. Gallant JE, Moore RD, Richman DD, Keruly J, Chaisson RE: Risk factors for 
Kaposi's sarcoma in patients with advanced human immunodeficiency virus disease 
treated with zidovudine. Zidovudine Epidemiology Study Group. Archives of 
internal medicine 1994, 154(5):566-572. 

27. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS: 
Identification of herpesvirus-like DNA sequences in AIDS-associated Kaposi's 
sarcoma. Science 1994, 266(5192):1865-1869. 

28. Moore PS, Chang Y: Molecular virology of Kaposi's sarcoma-associated 
herpesvirus. Philosophical transactions of the Royal Society of London 2001,
356(1408):499-516.

29. Schalling M, Ekman M, Kaaya EE, Linde A, Biberfeld P: A role for a new herpes 
virus (KSHV) in different forms of Kaposi's sarcoma. Nat Med 1995, 1(7):707-708. 

30. Moore PS, Gao SJ, Dominguez G, Cesarman E, Lungu O, Knowles DM, Garber R, 
Pellett PE, McGeoch DJ, Chang Y: Primary characterization of a herpesvirus agent 
associated with Kaposi's sarcomae. J Virol 1996, 70(1):549-558. 

31. Gaidano G, Castanos-Velez E, Biberfeld P: Lymphoid disorders associated with 
HHV-8/KSHV infection: facts and contentions. Med Oncol 1999, 16(1):8-12. 

32. Biberfeld P LC, Tschachler E and Luppi M: Human herpesvirus-8 and HIV. In: 
Viral co-infections in HIV. Lalezari J and Moyle G . In.; 2002. 

33. Chen L, Lagunoff M: Establishment and maintenance of Kaposi's sarcoma-
associated herpesvirus latency in B cells. Journal of virology 2005, 79(22):14383-
14391.



34

34. Verma SC, Robertson ES: ORF73 of herpesvirus Saimiri strain C488 tethers the 
viral genome to metaphase chromosomes and binds to cis-acting DNA sequences in 
the terminal repeats. Journal of virology 2003, 77(23):12494-12506. 

35. Estep RD, Powers MF, Yen BK, Li H, Wong SW: Construction of an infectious 
rhesus rhadinovirus bacterial artificial chromosome for the analysis of Kaposi's 
sarcoma-associated herpesvirus-related disease development. Journal of virology 
2007, 81(6):2957-2969. 

36. Yarmishyn A, Child ES, Elphick LM, Mann DJ: Differential regulation of the 
cyclin-dependent kinase inhibitors p21(Cip1) and p27(Kip1) by phosphorylation 
directed by the cyclin encoded by Murine Herpesvirus 68. Experimental cell 
research 2008, 314(1):204-212. 

37. Haque M, Wang V, Davis DA, Zheng ZM, Yarchoan R: Genetic organization and 
hypoxic activation of the Kaposi's sarcoma-associated herpesvirus ORF34-37 gene 
cluster. Journal of virology 2006, 80(14):7037-7051. 

38. Swaminathan S: Molecular biology of Epstein-Barr virus and Kaposi's sarcoma-
associated herpesvirus. Seminars in hematology 2003, 40(2):107-115. 

39. Sullivan R, Dezube BJ, Koon HB: Signal transduction targets in Kaposi's sarcoma. 
Current opinion in oncology 2006, 18(5):456-462. 

40. Fujimuro M, Hayward SD, Yokosawa H: Molecular piracy: manipulation of the 
ubiquitin system by Kaposi's sarcoma-associated herpesvirus. Reviews in medical 
virology 2007, 17(6):405-422. 

41. Renne R, Lagunoff M, Zhong W, Ganem D: The size and conformation of Kaposi's 
sarcoma-associated herpesvirus (human herpesvirus 8) DNA in infected cells and 
virions. J Virol 1996, 70(11):8151-8154. 

42. Schulz TF: Kaposi's sarcoma-associated herpesvirus (human herpesvirus 8): 
epidemiology and pathogenesis. The Journal of antimicrobial chemotherapy 2000,
45 Suppl T3:15-27. 

43. Szekely L, Kiss C, Mattsson K, Kashuba E, Pokrovskaja K, Juhasz A, Holmvall P, 
Klein G: Human herpesvirus-8-encoded LNA-1 accumulates in heterochromatin- 
associated nuclear bodies. J Gen Virol 1999, 80 ( Pt 11):2889-2900. 

44. Xie J, Ajibade AO, Ye F, Kuhne K, Gao SJ: Reactivation of Kaposi's sarcoma-
associated herpesvirus from latency requires MEK/ERK, JNK and p38 multiple 
mitogen-activated protein kinase pathways. Virology 2008, 371(1):139-154. 

45. Jenner RG, Boshoff C: The molecular pathology of Kaposi's sarcoma-associated 
herpesvirus. Biochim Biophys Acta 2002, 1602(1):1-22. 

46. Greene W, Kuhne K, Ye F, Chen J, Zhou F, Lei X, Gao SJ: Molecular biology of 
KSHV in relation to AIDS-associated oncogenesis. Cancer treatment and research 
2007, 133:69-127. 

47. Davis DA, Singer KE, Reynolds IP, Haque M, Yarchoan R: Hypoxia enhances the 
phosphorylation and cytotoxicity of ganciclovir and zidovudine in Kaposi's 
sarcoma-associated herpesvirus infected cells. Cancer research 2007, 67(14):7003-
7010.

48. Wilson SJ, Tsao EH, Webb BL, Ye H, Dalton-Griffin L, Tsantoulas C, Gale CV, 
Du MQ, Whitehouse A, Kellam P: X box binding protein XBP-1s transactivates the 
Kaposi's sarcoma-associated herpesvirus (KSHV) ORF50 promoter, linking plasma 
cell differentiation to KSHV reactivation from latency. Journal of virology 2007,
81(24):13578-13586.

49. Li Q, Zhou F, Ye F, Gao SJ: Genetic disruption of KSHV major latent nuclear 
antigen LANA enhances viral lytic transcriptional program. Virology 2008.



35

50. Zhu FX, Chong JM, Wu L, Yuan Y: Virion proteins of Kaposi's sarcoma-
associated herpesvirus. J Virol 2005, 79(2):800-811. 

51. Chandran B, Bloomer C, Chan SR, Zhu L, Goldstein E, Horvat R: Human 
herpesvirus-8 ORF K8.1 gene encodes immunogenic glycoproteins generated by 
spliced transcripts. Virology 1998, 249(1):140-149. 

52. Wang FZ, Akula SM, Pramod NP, Zeng L, Chandran B: Human herpesvirus 8 
envelope glycoprotein K8.1A interaction with the target cells involves heparan 
sulfate. J Virol 2001, 75(16):7517-7527. 

53. Akula SM, Naranatt PP, Walia NS, Wang FZ, Fegley B, Chandran B: Kaposi's 
sarcoma-associated herpesvirus (human herpesvirus 8) infection of human 
fibroblast cells occurs through endocytosis. J Virol 2003, 77(14):7978-7990. 

54. Akula SM, Pramod NP, Wang FZ, Chandran B: Integrin alpha3beta1 (CD 49c/29) 
is a cellular receptor for Kaposi's sarcoma-associated herpesvirus (KSHV/HHV-8) 
entry into the target cells. Cell 2002, 108(3):407-419. 

55. Hengge UR, Ruzicka T, Tyring SK, Stuschke M, Roggendorf M, Schwartz RA, 
Seeber S: Update on Kaposi's sarcoma and other HHV8 associated diseases. Part 2: 
pathogenesis, Castleman's disease, and pleural effusion lymphoma. Lancet Infect 
Dis 2002, 2(6):344-352. 

56. Pyakurel P, Massambu C, Castanos-Velez E, Ericsson S, Kaaya E, Biberfeld P, 
Heiden T: Human Herpesvirus 8/Kaposi Sarcoma Herpesvirus Cell Association 
During Evolution of Kaposi Sarcoma. Journal of acquired immune deficiency 
syndromes (1999) 2004, 36(2):678-683. 

57. Stuber G, Mattsson K, Flaberg E, Kati E, Markasz L, Sheldon JA, Klein G, Schulz 
TF, Szekely L: HHV-8 encoded LANA-1 alters the higher organization of the cell 
nucleus. Molecular cancer 2007, 6:28. 

58. Komatsu T, Ballestas ME, Barbera AJ, Kaye KM: The KSHV latency-associated 
nuclear antigen: a multifunctional protein. Front Biosci 2002, 7:d726-730. 

59. Verma SC, Choudhuri T, Kaul R, Robertson ES: Latency-associated nuclear 
antigen (LANA) of Kaposi's sarcoma-associated herpesvirus interacts with origin 
recognition complexes at the LANA binding sequence within the terminal repeats. 
Journal of virology 2006, 80(5):2243-2256. 

60. Dupin N, Del Giudice P: Editorial commentary: treatment of kaposi sarcoma in the 
highly active antiretroviral therapy era. Clin Infect Dis 2008, 47(3):418-420. 

61. Belanger C, Gravel A, Tomoiu A, Janelle ME, Gosselin J, Tremblay MJ, Flamand 
L: Human herpesvirus 8 viral FLICE-inhibitory protein inhibits Fas-mediated 
apoptosis through binding and prevention of procaspase-8 maturation. Journal of 
human virology 2001, 4(2):62-73. 

62. Barbeau B, Bernier R, Dumais N, Briand G, Olivier M, Faure R, Posner BI, 
Tremblay M: Activation of HIV-1 long terminal repeat transcription and virus 
replication via NF-kappaB-dependent and -independent pathways by potent 
phosphotyrosine phosphatase inhibitors, the peroxovanadium compounds. The 
Journal of biological chemistry 1997, 272(20):12968-12977. 

63. Nordone SK, Ignacio GA, Su L, Sempowski GD, Golenbock DT, Li L, Dean GA: 
Failure of TLR4-driven NF-kappa B activation to stimulate virus replication in 
models of HIV type 1 activation. AIDS research and human retroviruses 2007,
23(11):1387-1395.

64. Kaaya E, Castanos-Velez E, Heiden T, Ekman M, Catrina AI, Kitinya J, Andersson 
L, Biberfeld P: Proliferation and apoptosis in the evolution of endemic and 
acquired immunodeficiency syndrome-related Kaposi's sarcoma. Med Oncol 2000,
17(4):325-332.



36

65. Ojala PM, Tiainen M, Salven P, Veikkola T, Castanos-Velez E, Sarid R, Biberfeld 
P, Makela TP: Kaposi's sarcoma-associated herpesvirus-encoded v-cyclin triggers 
apoptosis in cells with high levels of cyclin-dependent kinase 6. Cancer research 
1999, 59(19):4984-4989. 

66. Dittmer DP: Transcription profile of Kaposi's sarcoma-associated herpesvirus in 
primary Kaposi's sarcoma lesions as determined by real-time PCR arrays. Cancer 
research 2003, 63(9):2010-2015. 

67. Gandy SZ, Linnstaedt SD, Muralidhar S, Cashman KA, Rosenthal LJ, Casey JL: 
RNA editing of the human herpesvirus 8 kaposin transcript eliminates its 
transforming activity and is induced during lytic replication. Journal of virology 
2007, 81(24):13544-13551. 

68. Lin CW, Tu PF, Hsiao NW, Chang CY, Wan L, Lin YT, Chang HW: Identification 
of a novel septin 4 protein binding to human herpesvirus 8 kaposin A protein using 
a phage display cDNA library. Journal of virological methods 2007, 143(1):65-72. 

69. McCormick C, Ganem D: Phosphorylation and function of the kaposin B direct 
repeats of Kaposi's sarcoma-associated herpesvirus. Journal of virology 2006,
80(12):6165-6170.

70. Burysek L, Yeow WS, Pitha PM: Unique properties of a second human herpesvirus 
8-encoded interferon regulatory factor (vIRF-2). Journal of human virology 1999,
2(1):19-32.

71. Boshoff C, Endo Y, Collins PD, Takeuchi Y, Reeves JD, Schweickart VL, Siani 
MA, Sasaki T, Williams TJ, Gray PW et al: Angiogenic and HIV-inhibitory 
functions of KSHV-encoded chemokines. Science 1997, 278(5336):290-294. 

72. Pfeffer S, Sewer A, Lagos-Quintana M, Sheridan R, Sander C, Grasser FA, van 
Dyk LF, Ho CK, Shuman S, Chien M et al: Identification of microRNAs of the 
herpesvirus family. Nat Methods 2005, 2(4):269-276. 

73. Muralidhar S, Pumfery AM, Hassani M, Sadaie MR, Kishishita M, Brady JN, 
Doniger J, Medveczky P, Rosenthal LJ: Identification of kaposin (open reading 
frame K12) as a human herpesvirus 8 (Kaposi's sarcoma-associated herpesvirus) 
transforming gene. J Virol 1998, 72(6):4980-4988. 

74. Dukers NH, Rezza G: Human herpesvirus 8 epidemiology: what we do and do not 
know. Aids 2003, 17(12):1717-1730. 

75. De-The G, Bestetti G, van Beveren M, Gessain A: Prevalence of human 
herpesvirus 8 infection before the acquired immunodeficiency disease syndrome-
related epidemic of Kaposi's sarcoma in East Africa. J Natl Cancer Inst 1999,
91(21):1888-1889.

76. Nuvor SV, Katano H, Ampofo WK, Barnor JS, Sata T: Higher prevalence of 
antibodies to human herpesvirus 8 in HIV-infected individuals than in the general 
population in Ghana, West Africa. Eur J Clin Microbiol Infect Dis 2001,
20(5):362-364.

77. Serraino D, Toma L, Andreoni M, Butto S, Tchangmena O, Sarmati L, Monini P, 
Franceschi S, Ensoli B, Rezza G: A seroprevalence study of human herpesvirus 
type 8 (HHV8) in eastern and Central Africa and in the Mediterranean area. Eur J 
Epidemiol 2001, 17(9):871-876. 

78. Whitby D, Luppi M, Barozzi P, Boshoff C, Weiss RA, Torelli G: Human 
herpesvirus 8 seroprevalence in blood donors and lymphoma patients from different 
regions of Italy. J Natl Cancer Inst 1998, 90(5):395-397. 

79. Vitale F, Briffa DV, Whitby D, Maida I, Grochowska A, Levin A, Romano N, 
Goedert JJ: Kaposi's sarcoma herpes virus and Kaposi's sarcoma in the elderly 
populations of 3 Mediterranean islands. Int J Cancer 2001, 91(4):588-591. 



37

80. Ablashi D, Chatlynne L, Cooper H, Thomas D, Yadav M, Norhanom AW, 
Chandana AK, Churdboonchart V, Kulpradist SA, Patnaik M et al: Seroprevalence 
of human herpesvirus-8 (HHV-8) in countries of Southeast Asia compared to the 
USA, the Caribbean and Africa. Br J Cancer 1999, 81(5):893-897. 

81. Hudnall SD, Chen T, Rady P, Tyring S, Allison P: Human herpesvirus 8 
seroprevalence and viral load in healthy adult blood donors. Transfusion 2003,
43(1):85-90.

82. Moore PS: The emergence of Kaposi's sarcoma-associated herpesvirus (human 
herpesvirus 8). N Engl J Med 2000, 343(19):1411-1413. 

83. Enbom M, Sheldon J, Lennette E, Schulz T, Ablashi DV, Neipel F, Biberfeld P, 
Carlberg H, Ljungman P, Nilsson A et al: Antibodies to human herpesvirus 8 latent 
and lytic antigens in blood donors and potential high-risk groups in Sweden: 
variable frequencies found in a multicenter serological study. J Med Virol 2000,
62(4):498-504.

84. Cook PM, Whitby D, Calabro ML, Luppi M, Kakoola DN, Hjalgrim H, Ariyoshi 
K, Ensoli B, Davison AJ, Schulz TF: Variability and evolution of Kaposi's 
sarcoma-associated herpesvirus in Europe and Africa. International Collaborative 
Group. Aids 1999, 13(10):1165-1176. 

85. Zong JC, Ciufo DM, Alcendor DJ, Wan X, Nicholas J, Browning PJ, Rady PL, 
Tyring SK, Orenstein JM, Rabkin CS et al: High-level variability in the ORF-K1 
membrane protein gene at the left end of the Kaposi's sarcoma-associated 
herpesvirus genome defines four major virus subtypes and multiple variants or 
clades in different human populations. J Virol 1999, 73(5):4156-4170. 

86. Meng YX, Spira TJ, Bhat GJ, Birch CJ, Druce JD, Edlin BR, Edwards R, Gunthel 
C, Newton R, Stamey FR et al: Individuals from North America, Australasia, and 
Africa are infected with four different genotypes of human herpesvirus 8. Virology
1999, 261(1):106-119. 

87. Biggar RJ, Whitby D, Marshall V, Linhares AC, Black F: Human herpesvirus 8 in 
Brazilian Amerindians: a hyperendemic population with a new subtype. J Infect Dis 
2000, 181(5):1562-1568. 

88. Alagiozoglou L, Sitas F, Morris L: Phylogenetic analysis of human herpesvirus-8 
in South Africa and identification of a novel subgroup. J Gen Virol 2000, 81(Pt 
8):2029-2038.

89. Lampinen TM, Kulasingam S, Min J, Borok M, Gwanzura L, Lamb J, Mahomed K, 
Woelk GB, Strand KB, Bosch ML et al: Detection of Kaposi's sarcoma-associated 
herpesvirus in oral and genital secretions of Zimbabwean women. J Infect Dis 
2000, 181(5):1785-1790. 

90. Enbom M, Strand A, Falk KI, Linde A: Detection of Epstein-Barr virus, but not 
human herpesvirus 8, DNA in cervical secretions from Swedish women by real-
time polymerase chain reaction. Sex Transm Dis 2001, 28(5):300-306. 

91. Luppi M, Barozzi P, Schulz TF, Setti G, Staskus K, Trovato R, Narni F, Donelli A, 
Maiorana A, Marasca R et al: Bone marrow failure associated with human 
herpesvirus 8 infection after transplantation. N Engl J Med 2000, 343(19):1378-
1385.

92. Parravicini C, Olsen SJ, Capra M, Poli F, Sirchia G, Gao SJ, Berti E, Nocera A, 
Rossi E, Bestetti G et al: Risk of Kaposi's sarcoma-associated herpes virus 
transmission from donor allografts among Italian posttransplant Kaposi's sarcoma 
patients. Blood 1997, 90(7):2826-2829. 



38

93. Renwick N, Dukers NH, Weverling GJ, Sheldon JA, Schulz TF, Prins M, Coutinho 
RA, Goudsmit J: Risk factors for human herpesvirus 8 infection in a cohort of drug 
users in the Netherlands, 1985-1996. J Infect Dis 2002, 185(12):1808-1812. 

94. Manji KP, Amir H, Maduhu IZ: Aggressive Kaposi's sarcoma in a 6-month-old 
African infant: case report and review of the literature. Trop Med Int Health 2000,
5(2):85-87.

95. Plancoulaine S, Abel L, van Beveren M, Tregouet DA, Joubert M, Tortevoye P, de 
The G, Gessain A: Human herpesvirus 8 transmission from mother to child and 
between siblings in an endemic population. Lancet 2000, 356(9235):1062-1065. 

96. Bourboulia D, Whitby D, Boshoff C, Newton R, Beral V, Carrara H, Lane A, Sitas 
F: Serologic evidence for mother-to-child transmission of Kaposi sarcoma-
associated herpesvirus infection. Jama 1998, 280(1):31-32. 

97. Pauk J, Huang ML, Brodie SJ, Wald A, Koelle DM, Schacker T, Celum C, Selke S, 
Corey L: Mucosal shedding of human herpesvirus 8 in men. N Engl J Med 2000,
343(19):1369-1377.

98. Patton LL, Phelan JA, Ramos-Gomez FJ, Nittayananta W, Shiboski CH, Mbuguye 
TL: Prevalence and classification of HIV-associated oral lesions. Oral Dis 2002, 8 
Suppl 2:98-109. 

99. Shiboski CH: Epidemiology of HIV-related oral manifestations in women: a 
review. Oral Dis 1997, 3 Suppl 1:S18-27. 

100. Onyango JF, Njiru A: Kaposis sarcoma in a Nairobi hospital. East African medical 
journal 2004, 81(3):120-123. 

101. Thomas JO: Acquired immunodeficiency syndrome-associated cancers in Sub-
Saharan Africa. Semin Oncol 2001, 28(2):198-206. 

102. Pak F, Pyakural P, Kokhaei P, Kaaya E, Pourfathollah AA, Selivanova G, Biberfeld 
P: HHV-8/KSHV during the development of Kaposi's sarcoma: evaluation by 
polymerase chain reaction and immunohistochemistry. J Cutan Pathol 2005,
32(1):21-27.

103. Lager I, Altini M, Coleman H, Ali H: Oral Kaposi's sarcoma: a clinicopathologic 
study from South Africa. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2003, 96(6):701-710. 

104. Cannon MJ, Dollard SC, Black JB, Edlin BR, Hannah C, Hogan SE, Patel MM, 
Jaffe HW, Offermann MK, Spira TJ et al: Risk factors for Kaposi's sarcoma in men 
seropositive for both human herpesvirus 8 and human immunodeficiency virus. 
Aids 2003, 17(2):215-222. 

105. Hille JJ, Webster-Cyriaque J, Palefski JM, Raab-Traub N: Mechanisms of 
expression of HHV8, EBV and HPV in selected HIV-associated oral lesions. Oral
Dis 2002, 8 Suppl 2:161-168. 

106. Zago A, Bourboulia D, Viana MC, Collandre H, Dietze R, Boshoff C, Keller R: 
Seroprevalence of human herpesvirus 8 and its association with Kaposi sarcoma in 
Brazil. Sex Transm Dis 2000, 27(8):468-472. 

107. Bisacchi D, Noonan DM, Carlone S, Albini A, Pfeffer U: Kaposi's sarcoma and 
human chorionic gonadotropin: mechanisms, moieties and mysteries. Biol Chem 
2002, 383(9):1315-1320. 

108. Samaniego F, Bryant JL, Liu N, Karp JE, Sabichi AL, Thierry A, Lunardi-Iskandar
Y, Gallo RC: Induction of programmed cell death in Kaposi's sarcoma cells by 
preparations of human chorionic gonadotropin. J Natl Cancer Inst 1999, 91(2):135-
143.

109. Pyakurel P, Montag U, Castanos-Velez E, Kaaya E, Christensson B, Tonnies H, 
Biberfeld P, Heiden T: CGH of microdissected Kaposi's sarcoma lesions reveals 



39

recurrent loss of chromosome Y in early and additional chromosomal changes in 
late tumour stages. AIDS 2006, 20(14):1805-1812. 

110. Cai J, Zheng T, Lotz M, Zhang Y, Masood R, Gill P: Glucocorticoids induce 
Kaposi's sarcoma cell proliferation through the regulation of transforming growth 
factor-beta. Blood 1997, 89(5):1491-1500. 

111. Gill PS, Lunardi-Ishkandar Y, Louie S, Tulpule A, Zheng T, Espina BM, Besnier 
JM, Hermans P, Levine AM, Bryant JL et al: The effects of preparations of human 
chorionic gonadotropin on AIDS-related Kaposi's sarcoma. N Engl J Med 1996,
335(17):1261-1269.

112. Pantanowitz L, Dezube BJ: Kaposi's sarcoma and pregnancy. American journal of 
perinatology 2005, 22(8):457. 

113. Biberfeld P EB, Sturzl M, and Schulz TF.: Kaposi's sarcoma associated 
herpesvirus/human herpesvirus 8, cytokine growth factos and HIV in pathogenesis 
of Kaposi's sarcoma. Curr Opin Inf Dis 1998, 11(97):105. 

114. Kondo Y, Izumi T, Yanagawa T, Kanda H, Katano H, Sata T: Spontaneously 
regressed Kaposi's sarcoma and human herpesvirus 8 infection in a human 
immunodeficiency virus-negative patient. Pathol Int 2000, 50(4):340-346. 

115. Carroll PA, Brazeau E, Lagunoff M: Kaposi's sarcoma-associated herpesvirus 
infection of blood endothelial cells induces lymphatic differentiation. Virology
2004, 328(1):7-18. 

116. Morris VA, Punjabi AS, Lagunoff M: Activation of Akt through gp130 receptor 
signaling is required for Kaposi's sarcoma-associated herpesvirus-induced 
lymphatic reprogramming of endothelial cells. Journal of virology 2008,
82(17):8771-8779.

117. Ensoli B, Sgadari C, Barillari G, Sirianni MC, Sturzl M, Monini P: Biology of 
Kaposi's sarcoma. Eur J Cancer 2001, 37(10):1251-1269. 

118. Pyakurel P, Pak F, Mwakigonja AR, Kaaya E, Heiden T, Biberfeld P: Lymphatic 
and vascular origin of Kaposi's sarcoma spindle cells during tumor development. 
Int J Cancer 2006, 119(6):1262-1267. 

119. Kaaya EE, Castanos-Velez E, Amir H, Lema L, Luande J, Kitinya J, Patarroyo M, 
Biberfeld P: Expression of adhesion molecules in endemic and epidemic Kaposi's 
sarcoma. Histopathology 1996, 29(4):337-346. 

120. Kaaya EE, Parravicini C, Ordonez C, Gendelman R, Berti E, Gallo RC, Biberfeld 
P: Heterogeneity of spindle cells in Kaposi's sarcoma: comparison of cells in 
lesions and in culture. J Acquir Immune Defic Syndr Hum Retrovirol 1995,
10(3):295-305.

121. Roth WK, Brandstetter H, Sturzl M: Cellular and molecular features of HIV-
associated Kaposi's sarcoma. Aids 1992, 6(9):895-913. 

122. Masood R, Xia G, Smith DL, Scalia P, Still JG, Tulpule A, Gill PS: Ephrin B2 
expression in Kaposi's sarcoma is induced by human herpes virus type 8: 
phenotype switch from venous to arterial endothelium. Blood 2004.

123. Kahn HJ, Bailey D, Marks A: Monoclonal antibody D2-40, a new marker of 
lymphatic endothelium, reacts with Kaposi's sarcoma and a subset of 
angiosarcomas. Mod Pathol 2002, 15(4):434-440. 

124. Jussila L, Valtola R, Partanen TA, Salven P, Heikkila P, Matikainen MT, Renkonen 
R, Kaipainen A, Detmar M, Tschachler E et al: Lymphatic endothelium and 
Kaposi's sarcoma spindle cells detected by antibodies against the vascular 
endothelial growth factor receptor-3. Cancer Res 1998, 58(8):1599-1604. 

125. Wang HW, Trotter MW, Lagos D, Bourboulia D, Henderson S, Makinen T, 
Elliman S, Flanagan AM, Alitalo K, Boshoff C: Kaposi sarcoma herpesvirus-



40

induced cellular reprogramming contributes to the lymphatic endothelial gene 
expression in Kaposi sarcoma. Nat Genet 2004, 36(7):687-693. 

126. Hong YK, Foreman K, Shin JW, Hirakawa S, Curry CL, Sage DR, Libermann T, 
Dezube BJ, Fingeroth JD, Detmar M: Lymphatic reprogramming of blood vascular 
endothelium by Kaposi sarcoma-associated herpesvirus. Nat Genet 2004,
36(7):683-685.

127. Unger RE, Krump-Konvalinkova V, Peters K, Kirkpatrick CJ: In vitro expression 
of the endothelial phenotype: comparative study of primary isolated cells and cell 
lines, including the novel cell line HPMEC-ST1.6R. Microvasc Res 2002,
64(3):384-397.

128. Browning PJ, Sechler JM, Kaplan M, Washington RH, Gendelman R, Yarchoan R, 
Ensoli B, Gallo RC: Identification and culture of Kaposi's sarcoma-like spindle 
cells from the peripheral blood of human immunodeficiency virus-1-infected 
individuals and normal controls. Blood 1994, 84(8):2711-2720. 

129. Barozzi P, Luppi M, Facchetti F, Mecucci C, Alu M, Sarid R, Rasini V, Ravazzini 
L, Rossi E, Festa S et al: Post-transplant Kaposi sarcoma originates from the 
seeding of donor-derived progenitors. Nat Med 2003, 9(5):554-561. 

130. Fagone S, Cavaleri A, Camuto M, Iannello S, Belfiore F: [Hyperkeratotic Kaposi 
sarcoma with leg lymphoedema after prolonged corticosteroid therapy for SLE. 
Case report and review of the literature]. Minerva medica 2001, 92(3):177-202. 

131. Fujimuro M: [Kaposi's sarcoma-associated herpesvirus and mechanisms of 
oncogenesis]. Uirusu 2006, 56(2):209-218. 

132. Cathomas G: Human herpes virus 8: a new virus discloses its face. Virchows Arch 
2000, 436(3):195-206. 

133. Renwick N, Halaby T, Weverling GJ, Dukers NH, Simpson GR, Coutinho RA, 
Lange JM, Schulz TF, Goudsmit J: Seroconversion for human herpesvirus 8 during 
HIV infection is highly predictive of Kaposi's sarcoma. Aids 1998, 12(18):2481-
2488.

134. Harrington W, Jr., Sieczkowski L, Sosa C, Chan-a-Sue S, Cai JP, Cabral L, Wood 
C: Activation of HHV-8 by HIV-1 tat. Lancet 1997, 349(9054):774-775. 

135. Caselli E, Galvan M, Cassai E, Di Luca D: Transient expression of human 
herpesvirus-8 (Kaposi's sarcoma-associated herpesvirus) ORF50 enhances HIV-1 
replication. Intervirology 2003, 46(3):141-149. 

136. Albini A, Barillari G, Benelli R, Gallo RC, Ensoli B: Angiogenic properties of 
human immunodeficiency virus type 1 Tat protein. Proc Natl Acad Sci U S A 1995, 
92(11):4838-4842.

137. Ensoli B, Gendelman R, Markham P, Fiorelli V, Colombini S, Raffeld M, Cafaro 
A, Chang HK, Brady JN, Gallo RC: Synergy between basic fibroblast growth 
factor and HIV-1 Tat protein in induction of Kaposi's sarcoma. Nature 1994,
371(6499):674-680.

138. Demirhan I, Chandra A, Hasselmayer O, Chandra P: Intercellular traffic of human 
immunodeficiency virus type 1 transactivator protein defined by monoclonal 
antibodies. FEBS Lett 1999, 445(1):53-56. 

139. Demirhan I, Chandra A, Mueller F, Mueller H, Biberfeld P, Hasselmayer O, 
Chandra P: Antibody spectrum against the viral transactivator protein in patients 
with human immunodeficiency virus type 1 infection and Kaposi's sarcoma. J Hum 
Virol 2000, 3(3):137-143. 

140. Demirhan I, Chandra A, Hasselmayer O, Biberfeld P, Chandra P: Detection of 
distinct patterns of anti-tat antibodies in HIV-infected individuals with or without 
Kaposi's sarcoma. J Acquir Immune Defic Syndr 1999, 22(4):364-368. 



41

141. Ensoli B, Sturzl M: Kaposi's sarcoma: a result of the interplay among inflammatory 
cytokines, angiogenic factors and viral agents. Cytokine Growth Factor Rev 1998,
9(1):63-83.

142. Ensoli B, Barillari G, Salahuddin SZ, Gallo RC, Wong-Staal F: Tat protein of HIV-
1 stimulates growth of cells derived from Kaposi's sarcoma lesions of AIDS 
patients. Nature 1990, 345(6270):84-86. 

143. Toschi E, Bacigalupo I, Strippoli R, Chiozzini C, Cereseto A, Falchi M, Nappi F, 
Sgadari C, Barillari G, Mainiero F et al: HIV-1 Tat regulates endothelial cell cycle 
progression via activation of the Ras/ERK MAPK signaling pathway. Molecular 
biology of the cell 2006, 17(4):1985-1994. 

144. Albini A, Barillari G, Benelli R, Gallo RC, Ensoli B: Angiogenic properties of 
human immunodeficiency virus type 1 Tat protein. Proceedings of the National 
Academy of Sciences of the United States of America 1995, 92(11):4838-4842. 

145. Murray PG, Young LS: Epstein-Barr virus infection: basis of malignancy and 
potential for therapy. Expert reviews in molecular medicine 2001, 3(28):1-20. 

146. de Sanjose S, Bosch R, Schouten T, Verkuijlen S, Nieters A, Foretova L, Maynadie 
M, Cocco PL, Staines A, Becker N et al: Epstein-Barr virus infection and risk of 
lymphoma: immunoblot analysis of antibody responses against EBV-related 
proteins in a large series of lymphoma subjects and matched controls. Int J Cancer 
2007, 121(8):1806-1812. 

147. Anderton E, Yee J, Smith P, Crook T, White RE, Allday MJ: Two Epstein-Barr 
virus (EBV) oncoproteins cooperate to repress expression of the proapoptotic 
tumour-suppressor Bim: clues to the pathogenesis of Burkitt's lymphoma. 
Oncogene 2008, 27(4):421-433. 

148. Webster-Cyriaque J, Duus K, Cooper C, Duncan M: Oral EBV and KSHV 
Infection in HIV. Adv Dent Res 2006, 19(1):91-95. 

149. Fellner MD, Durand K, Correa RM, Redini L, Yampolsky C, Colobraro A, 
Sevlever G, Teyssie AR, Benetucci J, Picconi MA: Circulating Epstein-Barr virus 
(EBV) in HIV-infected patients and its relation with primary brain lymphoma. Int J 
Infect Dis 2007, 11(2):172-178. 

150. Ferrazzo KL, Mesquita RA, Aburad AT, Nunes FD, de Sousa SO: EBV detection 
in HIV-related oral plasmablastic lymphoma. Oral Dis 2007, 13(6):564-569. 

151. Mutalima N, Molyneux E, Jaffe H, Kamiza S, Borgstein E, Mkandawire N, Liomba 
G, Batumba M, Lagos D, Gratrix F et al: Associations between Burkitt lymphoma 
among children in Malawi and infection with HIV, EBV and malaria: results from a 
case-control study. PLoS ONE 2008, 3(6):e2505. 

152. Kaaya EE, Castanos-Velez E, Ekman M, Mwakigonja A, Carneiro P, Lema L, 
Kitinya J, Linde A, Biberfeld P: AIDS and non AIDS-related malignant lymphoma 
in Tanzania. African health sciences 2006, 6(2):69-75. 

153. Omoti CE, Halim NK: Adult lymphomas in Edo state, Niger Delta region of 
Nigeria--clinicopathological profile of 205 cases. Clin Lab Haematol 2005,
27(5):302-306.

154. Otieno MW, Banura C, Katongole-Mbidde E, Johnson JL, Ghannoum M, Dowlati 
A, Renne R, Arts E, Whalen C, Lederman MM et al: Therapeutic challenges of 
AIDS-related non-Hodgkin's lymphoma in the United States and East Africa. J Natl 
Cancer Inst 2002, 94(10):718-732. 

155. Watson M BA, Spence R, Twelves C: Oncology. Oxford: Oxford University Press; 
2006.



42

156. Mwakigonja AR, Kaaya EE, Mgaya EM: Malignant lymphomas (ML) and HIV 
infection in Tanzania. Journal of Experimental & Clinical Cancer Research 2008,
27:9.

157. Urassa WK, Kaaya EE, Kitinya JN, Lema LL, Amir H, Luande J, Biberfeld G, 
Mhalu FS, Biberfeld P: Immunological profile of endemic and epidemic Kaposi's 
sarcoma patients in Dar-es-Salaam, Tanzania. International journal of molecular 
medicine 1998, 1(6):979-982. 

158. Heiden T, Castanos-Velez E, Andersson LC, Biberfeld P: Combined analysis of 
DNA ploidy, proliferation, and apoptosis in paraffin-embedded cell material by 
flow cytometry. Laboratory investigation; a journal of technical methods and 
pathology 2000, 80(8):1207-1213. 

159. Heiden T, Castro J, Graf BM, Tribukait B: Comparison of routine flow cytometric 
DNA analysis of fresh tissues in two laboratories: effects of differences in 
preparation methods and background models of cell cycle calculation. Cytometry 
1998, 34(4):187-197. 

160. Urassa W, Godoy K, Killewo J, Kwesigabo G, Mbakileki A, Mhalu F, Biberfeld G: 
The accuracy of an alternative confirmatory strategy for detection of antibodies to 
HIV-1: experience from a regional laboratory in Kagera, Tanzania. J Clin Virol 
1999, 14(1):25-29. 

161. Heiden T, Wang N, Tribukait B: An improved Hedley method for preparation of 
paraffin-embedded tissues for flow cytometric analysis of ploidy and S-phase. 
Cytometry 1991, 12(7):614-621. 

162. Fanaian N, Cohen C, Waldrop S, Wang J, Shehata B: EBER: Automated In Situ 
Hybridization (ISH) vs. Manual ISH and Immunohistochemistry (IHC) for 
Detection of EBV in Pediatric Lymphoproliferative Disorders. Pediatr Dev Pathol 
2008:1.

163. Zhang X, Wang JF, Chandran B, Persaud K, Pytowski B, Fingeroth J, Groopman 
JE: KSHV activation of VEGFR-3 alters endothelial function and enhances 
infection. J Biol Chem 2005.

164. Friborg J, Jr., Kong W, Hottiger MO, Nabel GJ: p53 inhibition by the LANA 
protein of KSHV protects against cell death. Nature 1999, 402(6764):889-894. 

165. Biberfeld P EB, Sturzl M, Schulz TF.: Kaposi's sarcoma associated herpesvirus/ 
human herpesvirus 8, cytokines, growth factors and HIV in pathogenesis of 
Kaposi's sarcoma. Curr Opin Inf Dis 1998, 11(2):97-105. 

166. Samaniego F, Markham PD, Gendelman R, Watanabe Y, Kao V, Kowalski K, 
Sonnabend JA, Pintus A, Gallo RC, Ensoli B: Vascular endothelial growth factor 
and basic fibroblast growth factor present in Kaposi's sarcoma (KS) are induced by 
inflammatory cytokines and synergize to promote vascular permeability and KS 
lesion development. Am J Pathol 1998, 152(6):1433-1443. 

167. Meditz AL, Borok M, MaWhinney S, Gudza I, Ndemera B, Gwanzura L, Campbell 
TB: Gender differences in AIDS-associated Kaposi sarcoma in Harare, Zimbabwe. 
J Acquir Immune Defic Syndr 2007, 44(3):306-308. 

168. Mbulaiteye S, Marshall V, Bagni RK, Wang CD, Mbisa G, Bakaki PM, Owor AM, 
Ndugwa CM, Engels EA, Katongole-Mbidde E et al: Molecular evidence for 
mother-to-child transmission of Kaposi sarcoma-associated herpesvirus in Uganda 
and K1 gene evolution within the host. J Infect Dis 2006, 193(9):1250-1257. 

169. Mbulaiteye SM, Biggar RJ, Bakaki PM, Pfeiffer RM, Whitby D, Owor AM, 
Katongole-Mbidde E, Goedert JJ, Ndugwa CM, Engels EA: Human herpesvirus 8 
infection and transfusion history in children with sickle-cell disease in Uganda. J
Natl Cancer Inst 2003, 95(17):1330-1335. 



43

170. Mbulaiteye SM, Pfeiffer RM, Whitby D, Brubaker GR, Shao J, Biggar RJ: Human 
herpesvirus 8 infection within families in rural Tanzania. J Infect Dis 2003,
187(11):1780-1785.

171. Campbell TB, Borok M, Gwanzura L, MaWhinney S, White IE, Ndemera B, 
Gudza I, Fitzpatrick L, Schooley RT: Relationship of human herpesvirus 8 
peripheral blood virus load and Kaposi's sarcoma clinical stage. Aids 2000,
14(14):2109-2116.

172. Quinlivan EB, Zhang C, Stewart PW, Komoltri C, Davis MG, Wehbie RS: 
Elevated virus loads of Kaposi's sarcoma-associated human herpesvirus 8 predict 
Kaposi's sarcoma disease progression, but elevated levels of human 
immunodeficiency virus type 1 do not. J Infect Dis 2002, 185(12):1736-1744. 

173. Kim SJ, Kim BS, Choi CW, Choi J, Kim I, Lee YH, Kim JS: Ki-67 expression is 
predictive of prognosis in patients with stage I/II extranodal NK/T-cell lymphoma, 
nasal type. Ann Oncol 2007, 18(8):1382-1387. 

174. Dukers NH, Renwick N, Prins M, Geskus RB, Schulz TF, Weverling GJ, Coutinho 
RA, Goudsmit J: Risk factors for human herpesvirus 8 seropositivity and 
seroconversion in a cohort of homosexual men. Am J Epidemiol 2000, 151(3):213-
224.

175. Ott G, Rosenwald A: [Extranodal diffuse large B-cell lymphoma--an organotypic 
disease?]. Der Pathologe 2007, 28(1):29-35. 

176. Katsaounis P, Alexopoulou A, Dourakis SP, Smyrnidis A, Marinos L, Filiotou A, 
Archimandritis AJ: An extranodal NK/T cell lymphoma, nasal type, with specific 
immunophenotypic and genotypic features. International journal of hematology 
2008, 88(2):202-205. 

177. Kim TM, Lee SY, Jeon YK, Ryoo BY, Cho GJ, Hong YS, Kim HJ, Kim SY, Kim 
CS, Kim S et al: Clinical heterogeneity of extranodal NK/T-cell lymphoma, nasal 
type: a national survey of the Korean Cancer Study Group. Ann Oncol 2008,
19(8):1477-1484.

178. Suzuki R, Takeuchi K, Ohshima K, Nakamura S: Extranodal NK/T-cell lymphoma: 
diagnosis and treatment cues. Hematological oncology 2008, 26(2):66-72. 

179. Wood NH, Feller L, Raubenheimer EJ, Jadwat Y, Meyerov R, Lemmer J: Human 
immunodeficiency virus (HIV)-associated extranodal T cell non-Hodgkin 
lymphoma of the oral cavity. Sadj 2008, 63(3):158-161. 

180. Ohshima K, Suzumiya J, Kikuchi M: The World Health Organization classification 
of malignant lymphoma: incidence and clinical prognosis in HTLV-1-endemic area 
of Fukuoka. Pathol Int 2002, 52(1):1-12. 

181. Shivarov V, Dimitrov J, Guenova M: Lymphoid neoplasms in Bulgaria according 
to the WHO classification (2001). The experience of the National Center of 
Haematology. Haematologica 2005, 90(12 Suppl):ELT07. 

182. Amen F, Horncastle D, Elderfield K, Banham AH, Bower M, Macdonald D, Kanfer 
E, Naresh KN: Absence of cyclin-D2 and Bcl-2 expression within the germinal 
centre type of diffuse large B-cell lymphoma identifies a very good prognostic 
subgroup of patients. Histopathology 2007, 51(1):70-79. 

183. Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J, Ott G, Muller-
Hermelink HK, Campo E, Braziel RM, Jaffe ES et al: Confirmation of the 
molecular classification of diffuse large B-cell lymphoma by 
immunohistochemistry using a tissue microarray. Blood 2004, 103(1):275-282. 

184. Muris JJ, Meijer CJ, Vos W, van Krieken JH, Jiwa NM, Ossenkoppele GJ, 
Oudejans JJ: Immunohistochemical profiling based on Bcl-2, CD10 and MUM1 



44

expression improves risk stratification in patients with primary nodal diffuse large 
B cell lymphoma. The Journal of pathology 2006, 208(5):714-723. 

185. Christensson B, Lindemalm C, Johansson B, Mellstedt H, Tribukait B, Biberfeld P: 
Flow cytometric DNA analysis: a prognostic tool in non-Hodgkin's lymphoma. 
Leuk Res 1989, 13(4):307-314. 

186. Palestro G, Pich A, Chiusa L, Geuna M, Ponti R, Kerim S, Novero D, Valente G: 
Biological heterogeneity of diffuse mixed small and large cell non-Hodgkin's 
lymphomas assessed by DNA flow cytometry and Ki67. Leukemia & lymphoma 
1995, 19(5-6):467-472. 

187. Czader M, Porwit A, Tani E, Ost A, Mazur J, Auer G: DNA image cytometry and 
the expression of proliferative markers (proliferating cell nuclear antigen and Ki67) 
in non-Hodgkin's lymphomas. Mod Pathol 1995, 8(1):51-58. 

188. Krugmann J, Gschwendtner A, Mairinger T, Fend F: DNA ploidy in 
gastrointestinal B-cell lymphomas. An image analysis study of 43 cases. Anal
Quant Cytol Histol 2003, 25(1):31-38. 

189. Schmitt F, Tani E, Tribukait B, Skoog L: Assessment of cell proliferation by Ki-67 
staining and flow cytometry in fine needle aspirates (FNAs) of reactive 
lymphadenitis and non-Hodgkin's lymphomas. Cytopathology 1999, 10(2):87-96. 

190. McDunn SH, Winter JN, Variakojis D, Rademaker AW, Von Roenn JH, Tallman 
MS, Gordon LI, Bauer KD: Human immunodeficiency virus-related lymphomas: a 
possible association between tumor proliferation, lack of ploidy anomalies, and 
immune deficiency. J Clin Oncol 1991, 9(8):1334-1340. 

191. Hausermann P, Khanna N, Buess M, Itin PH, Battegay M, Dirnhofer S, Buechner 
SA: Cutaneous plasmablastic lymphoma in an HIV-positive male: an unrecognized 
cutaneous manifestation. Dermatology (Basel, Switzerland) 2004, 208(3):287-290. 

192. Nagy N, Maeda A, Bandobashi K, Kis LL, Nishikawa J, Trivedi P, Faggioni A, 
Klein G, Klein E: SH2D1A expression in Burkitt lymphoma cells is restricted to 
EBV positive group I lines and is downregulated in parallel with immunoblastic 
transformation. International journal of cancer 2002, 100(4):433-440. 



45

17B9. APPENDIX (PAPERS I-V) 




