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Introduction

Human Herpesvirus-8 (HHV-8) is a unique herpesvirus that has been identified primarily in AIDS patients with Karposi’s Sarcoma (Craighead, 2000). Studies suggest that it may be sexually transmitted though semen, and occasionally transmitted vertically from mother to child. The virus remains under immunological control, however, and therefore only presents a problem during immunosuppression (“Herpesviruses:HHV-8,” 2005). Since HIV-infected individuals have extremely low numbers of CD4 T cells, their immune responses are compromised to most foreign pathogens, and we then see the expression of HHV-8. 

As of today there are eight known human herpesviruses, the most recently discovered in 1994 by Yuan Chang and his collaborators at Columbia University, through the use of a polymerase chain reaction (PCR) technique. This technique allowed them to identify two fragments of DNA in tissues infected with both AIDS and Karposi’s Sarcoma. After the isolation of these DNA fragments, the nucleotide sequences revealed a homology to two other known gamma-herpesviruses, indicating that the DNA fragments were derived from a herpes viral genome (“The AIDS Knowledge Base,” 2001). Since the virus was found present in Kaposi’s Sarcoma lesions, it is known as Kaposi’s Sarcoma-Associated Herpesvirus. The later designation of human herpesvirus-8 (HHV-8) was based on it being the eighth identified herpesvirus to infect humans. 

The herpesviruses are a group of “enveloped, double-stranded DNA viruses with relatively large complex genomes” (“Herpesvirus Family: Herpesviridae,” 2005). The genomes are composed of a large amount of Cytosine and Glycine, contain between 60 to 
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120 genes, and are as large as 235kbp. Their viral genomes are synthesized in the nucleus of the host cell, where the capsids are also assembled. The family Herpesviridae is divided into three sub-families with HHV-8 in the (-herpesvirinae family. It is the first known human member of the genus Rhadinovirus.  
	Herpesviridae:
	 
	Ictalurivirus 
	Ictalurid herpesvirus 1 
	Vertebrates 

	
	Alphaherpesvirinae 
  
	Mardivirus 
	Gallid herpesvirus 2
	Vertebrates 

	
	
	Simplexvirus 
	Human herpesvirus 1 (HSV-1, -2) 
	Vertebrates 

	
	
	Varicellovirus 
	Human herpesvirus 3 (VZV) 
	Vertebrates 

	
	
	Iltovirus 
	Gallid herpesvirus 1 
	Vertebrates 

	
	Betaherpesvirinae
	Cytomegalovirus 
	Human herpesvirus 5 (HCMV) 
	Vertebrates 

	
	
	Muromegalovirus 
	Murine herpesvirus 1 
	Vertebrates 

	
	
	Roseolovirus 
	Human herpesvirus 6 (HHV-6, -7) 
	Vertebrates 

	
	Gammaherpesvirinae
	Lymphocryptovirus 
	Human herpesvirus 4 
	Vertebrates 

	
	
	Rhadinovirus 
	Simian herpesvirus 2 (HHV-8) 
	Vertebrates 


(“Herpesviruses:HHV-8,” 2005)

The different herpesviruses vary in their genomic sequences and proteins, but are highly conservative in terms of their structure and organization. The herpesvirus virions are made up of a core, capsid, tegument, and envelope (“Herpesvirus Family: Herpesviridae,” 2005). The success of the different herpesvirus infections is dependant on three important strategies. The first is the capability of the virion to enter the host cell quickly and efficiently, and begin replication and production immediately.
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(“Herpesvirus Family: Herpesviridae,” 2005)

The second strategy is the virus’s ability to block or avoid attacks from the host using tactics such as preventing apoptosis, or not allowing the presentation of antigenic peptides on the cell surface. Lastly, the third strategy is that the herpesviruses hide their genome, and then return from a latent phase to produce an infection months, and sometimes even years later (“Herpesvirus Family: Herpesviridae,” 2005).

Human herpesvirus-8 is an opportunistic pathogen that was first identified in the endothelial tumor known as Kaposi’s Sarcoma (KS). This particular sarcoma was named after Dr. Moritz Kaposi who first identified it in 1872. Dr. Kaposi was a dermatology faculty member at the University of Vienna in Hungary when he first described the lesions to have “brownish-red-to-bluish red cutaneous nodules that tended to enlarge into dome-shaped tumors” (“Detailed Guide,” 2005). He observed similar tumors in the larynx, stomach, liver, and colon, with his original description being most similar to the AIDS-related form of Kaposi’s Sarcoma. The KS tumor generally appears in the tissues below the skin surface of the face and genitalia, and is closely associated with HHV-8. The AIDS-related form of KS is the most commonly seen, but there are also three other non-AIDS-related forms of KS, including classic KS, acquired KS, and African KS (Richman et al., 1997). All forms of KS are essentially indistinguishable unless evaluated 
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on the basis of clinical or epidemiological features. The association between KS and HHV-8 is assumed since the immunodeficiency of AIDS appears to release the oncogenic potential of some virus (HHV-8) that triggers the development of the Kaposi’s Sarcoma tumor. HHV-8 was discovered as a result of the increase in KS among HIV-positive individuals, but there are several biases that may alter the correlation of the two infections. Reported infection rates of Kaposi’s Sarcoma range from 3.5% to 25% from various parts of the world. Geographic variance, socioeconomic conditions, common sexual practices, and the environmental conditions that effect immunity levels are all factors that influence the success of HHV-8 and KS. Although HHV-8 is most commonly associated with Kaposi’s Sarcoma, its DNA has also been found in patients with Epstein Barr Virus (EBV/HHV-4) and multicentric Castleman disease (Paoli, 2004).

HHV-8 is similar to other herpesviruses because it is latent in the cell after its primary infection. Since HHV-8 is not often seen in low-risk individuals, and it can hide in the body for extensive periods of time, it is important to evaluate the primary symptoms for immediate treatment. The primary infection of HHV-8 causes a fever that lasts from 2-14 days and a rash that may be seen from 3-8 days (“Detailed Guide,” 2005).  Diagnosis is typically done through blood testing, but even after a diagnosis is made, treatment is still experimental. It is important for patients to understand that although both KS and HHV-8 can be treated, that does not mean they can necessarily be cured. 

Body


Most viruses are cleared from the immune system by the destruction of infected cells through cytotoxic killer T cells. The herpesviruses present a problem for the body 
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since they enter, “a quiescent state within human cells, one in which they neither replicate nor generate enough virus-derived peptides to signal their presence to cytotoxic T cells” (Parham, 2005). The herpesvirus is able to “hide” from the immune system in this way until a period of low immunity, when it can resurface and cause disease. 


When an individual becomes infected with HIV, their immunity to various pathogens gradually declines, creating a perfect opportunity for a latent herpesvirus to become reactivated and invade the immune system. The reason HIV patients become extremely susceptible to these microorganisms is because of the loss of their CD 4 T cells. CD4 T cells are also known as helper T cells, and primarily function to activate the B cells of the immune system. Without a sufficient amount of CD4 T cells, the immune system is unable to activate an adequate defense, and viruses such as HHV-8 are able to take over (Parham, 2005). HHV-8, associated with Kaposi’s Sarcoma, is for this reason more common in HIV patients, and has in the past been extremely rare.


Human Herpesvirus-8 has an icosahedral capsid composed of four structural proteins. Three of these are encoded by open reading frame (ORF) 25, 26, and 62, and have sequence homologies to the capsid proteins found in alpha and beta herpesviruses. The viral genome has been mapped and sequenced, and it has been found that “the HHV-

8 DNA is circular during latent infection and linear during the lytic phase” (Paoli, 2004).

All herpesvirus genomes have two regions bound by inverted repeats, which allows for 

variation since the genomes can then exist as an assortment of 4 isomers. The two separated regions are called the unique long region (UL), and the unique short region (US).
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(“Herpesviruses:HHV-8,” 2005)

The unique long region contains both conserved genes from most herpesviruses, and genes that are specific for HHV-8. Some of the HHV-8 proteins that are similar to those found in cellular proteins are: 


-complement binding protein (ORF 4)


-IL6-like cytokine (ORF K2)


-three chemokines (ORF K4, ORF K4.1, and ORF K6)


-Bcl-2 (ORF 16) anti-apoptotic factor


-interferon regulatory factor (ORF K9)


-D-type cyclin (ORF 72)

-FLICE inhibitory protein (ORF K13)

-cell adhesion-like molecule (ORF K14)


-G-protein coupled receptor (ORF 74)

“In addition, HHV-8 has a number of genes such as ORF K12 and ORF K1 which most likely play a role in tumorigenesis”  (“Herpesviruses:HHV-8”, 2005).
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  (Craighead, 2000)

The formation of KS lesions in association with the infection of HHV-8 is commonly seen, and is the source of the DNA in HHV-8 research. The pathway that 

leads to the KS tumor begins with the development of activated endothelial cells. The endothelial cells are developed through the involvement of HIV-1 cells, growth factors, and cytokines through transdifferentiation. In the next phase of the cycle, the endothelial cells are infected with HHV-8 infected B-cells, since HHV-8 is present in circulating B- lymphocytes. “Transformation by HHV-8 infection then occurs to create proliferating KS 

tumor cells and endothelial cells, which can then produce cytokines capable of growth stimulation to begin the cycle again” (Craighead, 2000).  
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KSHV/HHV8 has been found in B cells, macrophages and dendritic cells in vivo. It has been found that HHV-8 can be maintained in circulating B-lymphocytes and monocytes, so that when the immune system is suppressed the virus is transmitted, and associated tumors and infections begin to develop. One type of cell that the virus commonly uses to hide in during the latent phase is the nerve cell. At the time of the primary infection, the virus replicates at increasing levels at the site of infection. 


(“The AIDS Knowledge Base,” 2001)

The virus travels up the sensory neuron and is hidden until the immune system is suppressed so that a secondary, productive infection takes place. The most common disease associated with HHV-8 is Kaposi’s Sarcoma, since KSHV DNA has been found in nearly all of the KS tumors examined. KS used to be considered a rare disease that affected only Jewish or Mediterranean men, organ transplant patients, or young African men, but the numbers increased dramatically with more modern sexual practices and the spread of HIV. Fortunately, with new treatments for AIDS, the frequency of the KS infections has decreased by about 85% (Craighead, 2000).
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Dr. Moritz Caposi’s initial observations of the KS lesions in 1872 were very general, but there are now four designated categories of the disease that each differs in their patterns of symptoms, aggressiveness, and organs that are infected (Craighead, 2000). Classical Kaposi’s Sarcoma is usually seen in Jewish or Eastern European men between the ages of 50 and 70. This form of KS develops lesions mostly on the appendages, and is highly irregular. African Kaposi’s Sarcoma commonly affects people living in Africa. This form of cancer is responsible for 9% of all the cancers seen in Ugandan men, and is often the same as Classical KS, but effects individuals at much younger ages. Immunosuppressed or Acquired Kaposi’s Sarcoma refers to the KS that is developed by organ transplant patients after surgery, when their immune systems are compromised from their antibiotics. The last category of KS is the most common form, AIDS-related Kaposi’s Sarcoma. This form of KS is developed as a result of the low immunity caused by HIV in a patient. It usually involves only one or a few areas of skin, most commonly in the lower legs (“Detailed Guide,” 2005). The Kaposi’s Sarcoma that develops in association with HHV-8 is most often categorized as AIDS-related KS, since HHV-8 develops as a result of the HIV infection, and then contributes to the tumorigenesis of KS. 

Detection of KSHV depends on direct identification of the viral DNA. If KS lesions are present, tests can be performed using those directly, otherwise blood screening can also be done. Detection of KS is much more simple since KS lesions are red, brown, and/or purplish growths that are visible on the skin and can essentially develop anywhere. The KS lesions can be treated with anti-inflammatory drugs to ease the discomfort, but 
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neither HHV-8 nor KS is curable at this point in time. KS can be treated using the generic cancer therapies and medications for the tumors as well, but the most effective way to suppress either of these diseases, is by treating the symptoms of HIV. This way the immune system will become more functional, and the body will be able to develop CD4 and CD8 T cells to dispose of the infected cells. If the immune system is able to return to normal, then the HHV-8 and KS will still remain in the body, but they are much more likely to exist in a latent phase (Richman et al., 1997).

Summary

Human Herpesvirus-8 and Kaposi’s Sarcoma are highly associated infections that have recently been seen in the population because of an increase in the occurrence of 

HIV. HHV-8 is similar to the other seven herpesviruses found in humans in both the structure and mode of infection. HHV-8 develops in the human body and remains latent until a phase of immunosuppression occurs, when the virus can reappear and spread more efficiently. This herpesvirus is then believed to contribute to the tumorigenesis of Kaposi’s Sarcoma, which is typically seen as brownish-purplish lesions on the appendages of the patient. Detection of HHV-8 is done through blood testing, but there is currently no cure for the disease. Some of the antibody tests that can be performed are the ELISA and the Immunofluorescent Assay (IFA). Some new research has begun as a result of recent studies in lymphoma cancers. A protein called vFLIP K13 has been identified and found to mimic the signaling functions of caspase 8, leading to the proliferation of lymphocytes. The protein activates a pathway called NF-((, which is 
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involved in the formation of lymphomas, so the pathway has become a possible target for future therapies directed at HHV8-associated tumors.

Conclusion


Human Herpesvirus-8, which is also referred to as Kaposi’s Sarcoma associated herpesvirus, is an old virus that was just recently discovered in conjunction with the spread of HIV in the human population (Paoli, 2004). Modern scientific techniques, such 

as a polymerase chain reaction technique, were used to isolate the DNA, and later to map the entire genome of the virus.  This mapping has given us a better understanding of HHV-8’s function in tumorigenesis, classification as a gamma-herpesvirus, and mode of infection through use of a latent phase, so that we can attempt to create more effective treatments for the herpesviruses in the future (Richman et a1., 1997). 



The variation in the severity and frequency of HHV-8 and KS across the world present many variables in our research about correlation tendencies and treatments. 

Our body’s immune system is very effective in dealing with most pathogens that invade our bodies, so severe infections that result from viruses such as HHV-8 are typically only seen in severely immune-suppressed patients. In the future I predict that there will be many more developments made in the areas of AIDS and cancer treatments that will contribute to the suppression of HHV-8 and KS. I also think that people will continue to research HHV-8, as well as the other herpesviruses, and will discover different traits and functions that will contribute to an eventual cure.

