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ntil the human immunodeficiency virus (HIV) infection and U acquired immunodeficiency syndrome (AIDS) epidemic, 
Kaposi’s sarcoma (KS) was an uncommon tumor categorized 
into 3 epidemiological types: 

Classical, as originally described by Moritz Kaposi in 1872, 
occurs in elderly men of eastern European and Mediterra- 
nean ancestry; 
African-endemic, found in subSaharan Africa, affects chil- 
dren and young adults; 
Immunosuppresion-associated, seen predominantly in or- 
gan-transplant recipients treated with immunosuppresive 
drugs. 

In the 1980s KS emerged as the leading neoplasm as- 
sociated with HIV infection and AIDS (AIDS-KS), particularly in 
homosexual and bisexual HN-1 infected individuals (1,2). De- 
spite the different epidemiologies, all forms of KS often look 
similar histologically, composed predominantly of proliferating 
spindle-shaped cells which form slit-like vascular spaces, and a 
prominent infiltration of macrophages and other inflammatory 
cells. KS spindle cells do not represent a specific endothelial 
cell type. Some studies support lymphatic endothelial cell or 
smooth muscle cell origin; others have proposed origination 
from primitive pluripotent mesenchymal cells (3). 

In the United States, the overall risk of KS amongst 
HIV-1 infected individuals is more than 20,000 times greater 
than in the uninfected population and 300 times greater than 
in immunosuppresed transplant recipients ( 4 ) .  Although 
immunosuppresion is the hallmark of HIV-1 infection, the 
analysis of the epidemiological data reported to the Centers 
for Disease Control (CDC) until 1989 indicated that neither 
immunosuppresion nor HIV-1 infection was sufficient to ex- 
plain the markedly high prevalence of KS in HIV-1 infected 
individuals. There were differences in the incidence of KS 
within various HIV transmission groups, with the highest preva- 
lence (21%) being found in homosexual or bisexual men. All 
other transmission groups had a significantly lower prevalence 
(4). KS was also found to be more common in women with 
AIDS who have had HIV-infected bisexual men as their sexual 
partners, rather than intravenous drug users (4) .  These epi- 
demiologic data suggested that a sexually transmitted agent, 
distinct from HIV, might play a role in the development of KS, 
particularly in homosexual or biSeXud1 men. Over the years, 
laboratory experiments have provided important insight into 
the roles of HIV and the proposed sexually transmitted agent 
in the pathogenesis of AIDS-KS. 
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HIV - 1 
The high incidence and aggressive clinical course of 

KS in AIDS patients suggested a causative role of HIV-1 in the 
development of KS. The most encouraging evidence to sup- 
port this hypothesis came from transgenic mouse studies show- 
ing that the HIV-1 Tat can produce KS-like lesions when intro- 
duced into the germ line of mice (20). Interestingly, these le- 
sions were seen exclusively in male mice. On the basis of sev- 
eral lines of experimental evidence developed in their labora- 
tory, Gallo and colleagues have suggested that HIV-1 plays an 
active role in the pathogenesis of AIDS-KS through the coop- 
erative effects of inflammatoty cytokines produced by infected 
or activated immune cells and the Tat protein (21).  

The levels of these inflammatory cytokines such as 
interleukin-1 (1L - l), tumor necrosis factor-cr (TNF -a), inter- 
feron - y (IFN - ?), and IL - 6 ,  have been found to be elevated in 
the sera or culture supernatants of PRMC from HIV-I infected 
individuals (21). There are also reports that treatment of AIDS- 
KS patients with these cytokines leads to an increase in the pro- 
gression of KS. Laboratory studies have shown that HIV-1 infec- 
tion can be directly implicated in the production of inflamma- 
tory cytokines through interaction of viral antigens with HIV-1- 
specific cytotoxic T lymphocytes (22) ,  monocytic cells (23), and 
B cells (24).  In addition, continuous stimulus for immune acti- 
vation and inflammatory cytokine production is also provided 
by frequent challenge of the HIV-1 infected individuals to other 
infectious agents. This might be the case with homosexuals 
who are exposed to more sexually transmitted infections be- 
cause of their life style. Studies have shown that these individu- 
als often show signs of immune activation compared with other 
risk groups for AIDS anti develop AIDS-KS even before devel- 
oping HIV-1 infection-associated immunodeficiency (25,26). 

Inflammatory cytokines present in the condi- 
tioned medium of activated T cells have been shown to 
support the growth of spindle cells derived from AIDS- 
KS lesions (21).  These cytokines induced the release 
of basic fibroblast growth factor (bFGF) and VEGF, 2 
highly angiogenic and proliferative cytokines. Subse- 
quently, it was found that AIDS-KS cells themselves pro- 
duced bFGF and VEGF in response to inflammatory 
cytokines, which promote their own growth i n  an 
autocrine fashion and, after release, growth of normal 
endothelial cells (17,27). Inoculation of these cells in 
nude mice results in KS-like lesions of mouse cell ori- 
gin (28). The growth of AIDS-KS cells in culture and 
lesion formation in nucle mice can be blocked by 
antisense oligonucleotides directed against bFGF mRNA 
(28). Similar results have been obtained with the use 
of antisense oligonucleotides directed against VEGF 
(17), suggesting that bFGF and VEGF playa critical role 
in the pathogenesis of AIDS-KS. 

The HIV-1 Tat protein released into the extracellular 
medium during HIV-1 infection ofT cells stimulates the growth 
of AIDS-KS-derived spindle cells (21,29). Tat also stimulates 
growth and induces spindle morphology in normal endotheha! 
cells that have been exposed to inflammatory cytokines present 
in the conditioned medium from activated T cells (30). Tat- 
induced migration, invasion, proliferation, and collagenase IV 
expression in KS spindle cells and cytokine-activated endothe- 
lial cells in culture indicated that Tat has angiogenic potential 
(28,30). The in vivo angiogenic response of Tat has been dem- 
onstrated by subcutaneous injection of purified Tat in mice 
(28,31) as well as in transgenic mice expressing full-length Tat 
protein (20,32,33). Experimental evidence suggests that the 
angiogenic properties of Tat are mediated by the 
arginine-glycine-aspartate (RGD) sequence which is primarily a 
cell-attachment domain of extracellular matrix proteins and binds 
cell-surface integrin receptors (29). In addition, the angiogenic 
properties of Tat also appear to be mediated by the basic region 
which is similar to that of angiogenic growth factors and binds 
heparin complexes (3435) .  

Heparin (35)  and bFGF (28) have been shown to sig- 
nificantly enhance the in zlizlo angiogenic effects ofTat. Studies 
have shown that bFGF and Tat are present in AIDS-KS lesions, 
and integrin receptors that bind Tat are highly expressed by 
vessels and spindle cells (28).  The integrin receptor-expres- 
sion is also upregulated by inflammatory cytokines resulting in 
enhanced responsiveness to the Tat protein (36). Tat also 
upregulates the expression of endothelial leukocyte adhesion 
molecule (E-selectin), intracellular adhesion molecule 1 (ICAM- 
l), and vascular cell adhesion molecule 1 (VCAM-1) proteins in 
human endothelial cells (37). These activation markers of en- 
dothelial cells mediate binding of inflammatory cells and regu- 
late the extravasation of these cells into KS lesions. 

Conclusion 
The epidemiological and laboratory findings clearly 

indicate that both KSHV and HIV-1 play a crucial role in the 
pathogenesis of AIDS-KS. However, neither of them is suffi- 
cient to achieve the extraordinarily high incidence seen in HIV- 
1 infected individuals. Although, as shown in Table 1, KSHV- 
related DNA sequences have been detected in 100% of the KS 
biopsies from transplant patients undergoing immunosuppres- 
sive therapy (5) ,  the incidence of this disease in these indiviclu- 
als is only 70-fold higher than in the general population com- 
pared with 20,000-fold in the HIV-1 infected individuals (Table 
1) (4,38), suggesting that HIV-1 plays a more direct etiologic 
role in AIDS-KS. The role of HIV-1 in AIDS-KS is also supported 
by  a recent study in Gamliia showing that although KSHV infec- 
tion is widcspread, the risk ofdeveloping KS is 12.4 times higher 
in HIV-1-positive inclividuals than in HIV-2-positive individuals 
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(39). Now it is known that HIV-1 contributes to the patho- 
genesis of AIDS-KS through the induction of inflamma- 
tory cytokines and the HIV-1 Tat protein released from 
the infected cells in a biologically active form (Table 2) 
(15,21,29). The other infectious agent, KSHV, might have 
a multifaceted role in the pathogenesis of KS since its ge- 
nome encodes a number of proteins that have growth- 
promoting, angiogenic, and transforming capabilities 
(Table 2) (5) .  One of the recently reported functions rel- 
evant to KS pathogenesis is the induction of growth and 
angiogenic response in KSHV-uninfected endothelial cells 
through the paracrine upregulation of VEGF receptors by 
the KSHV-infected cells (16,19). In conclusion, the riskof 
developing KS is much higher in individuals who are du- 
ally infected with HIV-1 and KSHV compared with those 
who are infected with either one of these viruses. 

Table 1. Incidence of KS In HIV-1 and/or KSHV-infected 

Immunosuppressive AIDS-associated 
therapy-associated KS Ks 

KSHV 100%2 97% 
HW- 1 0% 100% 

(A) Viral infection 

(l3) Incidence of Ks 70 20,000’ 
(folds) relative to 
general population 

a ( 5 ) ;  b (38); c (4) 
KS = Kaposi’s sarcoma; 
HW-1 = Human immunodeficiency virus Type 1 
KSHV = Kaposi’s sarcoma herpes virus 

Tsbl f HI I 

HIV-1 
Release of inflammatory cytokines by infected 

Induction of angiogenic cytokines by inflam- 
matory cytokines 
Upregulation of adhesion molecules and 
integrin receptors on endothelial cells result- 
ing in spindle cell morphology 
HIV-1 Tat protein-induced proliferation, mi- 
gration, and invasion of KS spindle cells and 
cytokine-activated endothelial cells 

or activated immune cells 

KSHV 
Upregulation of vascular endothelial growth 
factor (VEGF) receptors on endothelial 
cells 

See text for details and references. 
HIV-1= Human immunodeficiency virus Type 1; KSHV = Kaposi’s sarcoma -associated herpesvirus 
AIDS-KS = Acquired immunodeficiency syndrome-associated Kaposi’s sarcoma 

Acknowledgments: 
Dr. Prakash is Head of the Laboratoy of Molecular Oncology at the Alton 
Ochsner Medical Poundation and Associate Professor (conjoint) in [he 
Departmenls of Biochemistry & Molecular Biology, and Microbiology, 
/mmunology &Parasitology, LouisiunaStute IiniversityMedical Center, Nezu 
Orleans, LA. 

Dr. Porky President Emeritus of the Alton Ochsner Medical Foundation, is 
an onco~ogist~hemato~o~ist 2uifh a particular interest in HN lnfeclion and 
epidemiology 

We thank Dr. Felipe Samaniego oft he Institute ofkhlan  viral- 
ogy, Baltimore, MD, for critical reading of the manuscript and 
helpful comments. 

We have included references to reviews and research articles 
that should help the reader to trace back the related work. 

74 The Ochsner Journal 



References 
1. De Jarlais DC, Marmor M. Thomas P, et al. Kaposi’s sarcoma among 

four different AIDS risk groups. N Engl J Med 1984; 310: I 1  19. 
2. Haverkos HW, Drotman DP. Prevalence of Kaposi’s sarcoma among 

patients with AIDS. N Engl J Med 1985; 312:1518. 
3. Roth WK, Brandstetter H, StOrzl M. Cellular and molecular features 

of HIV-associated Kaposi’s sarcoma. AIDS 1992; 6:895-913. 
4. Beral V, Peterman TA, Berkelman R L, et al. Kaposi’s sarcoma among 

persons with AIDS: a sexually transmitted infection? Lancet 1990; 

5. Boshoff C, Weiss RA. Kaposi’s sarcoma-associate herpesvirus. In: 
Vande Woude, GF, and Klein G. editors. Adv Cancer Res San Diego 
(CA): Academic Press 1998; 57-86. 

6. ChangY, Cesarman E. Pessin MS, et al. Identification of herpesvirus- 
like DNA sequences in AIDS-associated Kaposi’s sarcoma. Science 

7. Moore PS, ChangY. Detection of herpesvirus-like DNA sequences in 
Kaposi’s sarcoma in patients with and without HIV infection. N Engl 
JMed 1995;332:1181-1185. 

8. Whitby D, Howard MR, Tenant-Flowers M, et al. Detection of Kaposi 
sarcoma associated herpesvirus in peripheral blood of HIV-infected 
individuals and progression to Kaposi’s sarcoma. Lancet 1995; 

9. Kedes DH, Operskalski E. Busch M, et al. The seroepidemiology of 
human herpesvirus 8 (Kaposi’s sarcoma-associated herpesvirus): dis- 
tribution of infection in KS risk groups and evidence for sexual trans- 
mission. Nat Med 1996; 2:918-924. 

10. Beral V. Epidemiology of Kaposi’s sarcoma. Cancer Surv 1991; 

11. Martin JN, Ganem DE, Osmond DH, et al. Sexual transmission and 
the natural history of human herpesvirus 8 infection. N Engl J Med 

12. Staskus KA, Zhong W, Gebhard K, et al. Kaposi’s sarcoma-associ- 
ated herpesvirus gene expression in endothelial (spindle) tumor cells. 
J Virol 1997; 71:715-719. 

13. Kennedy MM. Cooper K, Howells DD, et al. Identification o f  HHV8 
in early Kaposi’s sarcoma: implications for Kaposi’s sarcoma patho- 
genesis. J Clin Pathol Mol Pathol 1998; 5 1 : 14-20. 

14. Blasig C, Zietz C, Haar B, et al. Monocytes in Kaposi’s sarcoma 
lesions are productively infected by human herpesvirus 8. J Virol 

15. Gallo RC. The enigmas of Kaposi’s sarcoma. Science 1998; 
282: 1837-1 839. 

16. Flore 0, Rafii S, Ely S, et al. Transformation of primary human en- 
dothelial cells by Kaposi’s sarcoma-associated herpesvirus. Nature 

17. Masood R, Cai J, Zheng T, et al. Vascular endothelial growth factor/ 
vascular permeability factor is an autocrine growth factor for AIDS- 
Kaposi sarcoma. Proc Natl Acad Sci USA 1997; 94:979-984. 

18. Samaniego F, Markham PD, Gendelman R, et al. Vascular endothe- 
lial 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; 152:1433-1443. 

19. Bais C, Santomasso B, Coso 0, et al. G-protein-coupled receptor of 
Kaposi’s sarcoma-associated herpesvirus is a viral oncogene and an- 
giogenesis activator. Nature 199R; 391 :86-89. 

20. Vogel J, Hinrichs SH, Reynolds RK, et al. HIV tat gene induces 
dermal lesions resembling Kaposi’s sarcoma in transgenic mice. Na- 
ture 1988; 335:606-61 I .  

21. Samaniego F, Gallo RC. Immuno-pathogenesis of Kaposi’s sarcoma. 
In: Gupta S., editor. Immunology of HIV infection. New York, NY. 
Plenum Press 1996;437-450 

335: 123-1 28. 

1994; 26611865-1869. 

346~799-802. 

10:5-22. 

1998; 338:948-9.54. 

1997; 71 :7963-7968. 

1998; 394:588-592. 

22. Jassoy C, Harrer T, Rosenthal T, et al. Human immunodeficiency 
virus type 1 -specific cytotoxic T lymphocytes release a-interferon, tu- 
mor necrosis factor alpha (TNF-a), and TNF-b when they encounter 
their target antigen. J Virol 1993; 67:2844 -2852. 

23. Merrill JE, Koyanagi Y, Chen IS. Interleukin-l and tumor necrosis 
factor alpha can be induced from mononuclear phagocytes by human 
immunodeficiency virus type 1 binding to the CD4 receptor. J Virol 

24. Rieckemann P, Poli G, Fox CH. et al. Recombinant gp120 specifi- 
cally enhances tumor necrosis factor-alpha production and Ig secre- 
tion in B-lymphocytes from HIV-infected individuals but not from se- 
ronegative donors. J lmmunol 1991; 147:2922-2927. 

25. Ballard, HS. Disseminated Kaposi’s sarcoma without lymphocyte ab- 
normalities. Arch Intern Med 1985; 14.5547. 

26. Lane HC. Masur H, Gelmann EP, et al. Correlation between immuno- 
logic function and clinical subpopulations of patients with the acquired 
immune deficiency syndrome. Am J Med 1985; 78:417-422. 

27. Ensoli B, Nakamura S, Salahuddin SZ, et al. AIDS-Kaposi’s sarcoma- 
derived cells express cytokines with autocrine and paracrine growth 
effects. Science 1989; 243:223-226. 

28. Ensoli B, Gendelman R. Markham P, et al. Synergy between basic 
fibroblast growth factor and the HIV-I Tat protein in induction of 
Kaposi’s sarcoma. Nature 1994; 37 1 574-680. 

29. Chang H-K, Gallo RC, Ensoli B. Regulation of cellular gene expres- 
sion and function by the human immunodeficiency virus type 1 Tat 
protein. J Biomed Sci 199.5; 2: 189-202. 

30. Barillari G, Buonaguro L, Fiorelli V et al. Effects of cytokines from 
activated immune cells on vascular cell growth and HIV-I gene ex- 
pression: Implications for AIDS-Kaposi’s sarcoma pathogenesis. J 
Immunol 1992; 149:3727-3734. 

3 I .  Albini A, Fontanini G, Masiello L, et al. Angiogenic potential in  vivo 
by Kaposi’s sarcoma cell-free supernants and HIV- 1 tat product: Inhi- 
bition of KS-like lesions by tissue inhibitor of metalloproteinase-2. 

32. Corallini A, Altavilla G, Pozzi L, et al. Systemic expression of HIV- 
I tat gene in transgenic mice induces endothelial proliferation and tu- 
mors of different histotypes. Cancer Res 1993; 535569-5575. 

33. Corallini A, Campioni D, Rossi C, et al. Promotion of tumour me- 
tastases and induction of angiogenesis by native HIV-I Tat protein 
from BK virushat transgenic mice. AIDS 1996; 10:701-710. 

34. Chang HC, Samaniego F, Nair BC, et al. HIV-I Tat protein exits from 
cells via a leaderless secretory pathway and binds to extracellular ma- 
trix-associated heparan sulfate proteglycans through its basic region. 

35. Albini A, Benelli R, Presta M, ct al. HIV-tat protein is a heparin- 
binding angiogenic growth factor. Oncogene 1996; 12:289-297. 

36. Barillari G, Gendelman R. Gallo RC, et al. The Tat protein of human 
immunodeficiency virus typc I ,  a growth factor for AIDS Kaposi sar- 
coma and cytokinc-activated vascular cells, induces adhesion of the 
same cell types by using inlegrin rcceptors recognizing RGD amino 
acid sequence. Pro Natl Acad Sci USA 1993; 90:7941-7945. 

37. Dhawan S, Puri R, Kumar A, et al. Human immunodeficiency virus- 
I-Tat protein induces the cell surface expression of endothelial leuko- 
cyte adhesion molecule- I ,  vascular cell adhesion molecule- I and in- 
tracellular adhesion molecule- I in human endothelial cells. Blood 
1997; 90: 15-35. 

38. PetermanTA, Jaffe HW, Bcral V. Epidemiologic clues to the etiology 
of Kaposi’s sarcoma. AIDS 1993; 7:605-61 I .  

39. Ariyoshi K, Schim van der Loeff M, Cook P, et al. Kaposi’s sarcoma 
in the Gambia, West Africa is less frequent in human immunodefi- 
ciency virus type 2 than in human immunodeficiency virus type 1 in- 
fection despite a high prevalence of human herpesvirus 8. J Human 
Virol 1998: 1:193-199. 

1989; 63~4404-4408. 

AIDS 1994; 8:1237-1244. 

AIDS 1997; I1:1421-1431. 

Volume 1, Number 2, April 1, 1999 75 


