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Abstract

Kaposi sarcoma (KS) occurs as a result of Kaposi sarcoma-associated virus (KSHV) infection,
typically in the context of one of several immunodeficient states. In the United States, patients with
KS may either be co-infected with human immunodeficiency virus (HIV) or on immunosuppressant
therapy following solid-organ transplantation. Systemic treatment of KS traditionally involved one
of several chemotherapeutic agents either in combination or as single agents, which typically provides
reasonable response rates and short term control. However recurrence is common and progression
free intervals are under one year. For these reasons, new therapies have been sought and with the
elucidation of novel pathogenic mechanisms of KS, rationale targets identified. These include KSHV
replication, restoration of immune competence, and signal transduction pathways utilized by KSHV
in the propagation of KS.
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Introduction

Kaposi sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus 8 (HHV-8)
is the causal agent of Kaposi sarcoma (KS), primary effusion lymphoma (PEL), and many
cases of multicentric Castleman disease (MCD).(1'3) Since its discovery in 1996, much has
been learned about KSHV interactions with its infected host which lead to these conditions.
Though infection is not sufficient for tumor development, it is clear that KSHV has developed
various ways to manipulate host cell signal transduction, and thereby lead to the activation of
numerous pro-growth and anti-apoptotic pathways. As several of these mechanisms of
oncogenesis have been elucidated, potential therapeutic targets have been identified and
inhibitors of these targets have been developed. Since KS is currently the most common KSHV-
associated neoplasm, the majority of clinical investigation and research effort has been devoted
to this low-grade vascular neoplasm. This review will focus on KS with a description of
important clinicopathological characteristics, oncogenesis, and highlight “targeted”
therapeutic interventions.
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Major Clinical Characteristics

KS is a multifocal angioproliferative neoplasm that occurs in several clinical-epidemiologic
settings. It is the most common tumor in HIV-infected patients and is a leading cause of
mortality and morbidity in acquired immune deficiency syndrome (AIDS).(4) Tumorigenesis
is driven by KSHYV infection, predominantly in those who are immunosuppressed. This
includes (i) Classic KS, a disease that mainly affects elderly Mediterranean men, (ii) iatrogenic
KS, which develops in patients taking immunomodulatory agents in the context of solid-organ
transplantation, and (iii) AIDS-related KS.(5'7) African-KS is endemic to Africaand unrelated
to HIV infection. KSHV infection and an ineffective host immune response towards this
gamma herpes virus are common to all of the aforementioned KS clinical subtypes. Reversal
of immune suppression, either with highly active antiretroviral therapy (HAART) or by
decreasing the levels of immunomodulatory agents in transplant recipients, has been associated
with regression of lesions.(8 9) In addition, the incidence of KS has decreased over 6-fold with
the advent of widespread use of HAART in treated HIV-infected individuals. (10)

Despite its decrease in incidence, KS remains a disease with a wide spectrum of severity. This
ranges from single skin or mucosal lesions to rapidly progressing, extensive cutaneous, and/
or visceral disease. For patients with advanced disease, systemic therapy is indicated and three
FDA-approved agents are available. These include the liposomal anthracyclines (pegylated
liposomal doxorubicin and liposomal daunorubicin) and the taxane paclitaxel. Pegylated
liposomal doxorubicin use is associated with response rates ranging from 46% and 59% and
median duration of response ranges from three to five months.(11, 1 ) Liposomal daunorubicin
has shown a response rate of 25%, disease stability in an additional 62% with a median duration
of response of 175 days and median time to progression of 115 days.(13) Both liposomal
anthracyclines have been associated with limited toxicity and were better tolerated than the
comparative treatment of adriamycin-bleomycin-vincristine in two trials and bleomycin-
vincristine in another study. Paclitaxel received FDA-approval based upon the results of a
phase Il trial of 28 patients with significant immunosuppression (mean CD4 cell count 15 cells/
microliter) in whom 20 had a major response.(14) Mean progression free survival was 6.3
months and median duration of response 7.4 months; grade 3 and 4 toxicity were reported to
be rare. Despite the effectiveness of these agents, most patients afflicted with KS progress
within six to seven months of treatment and require additional therapy. Although patients may
initially benefit from further cycles of chemotherapy, durable chemotherapy-free remissions
tend to be shorter with each successive treatment regimen. Clearly, novel therapeutic strategies
are needed.

Key Pathologic Findings

KS lesions of all epidemiologic forms are similarly comprised of KSHV positive (LNA-1
immunoreactive) spindled shaped tumor cells, vessels and chronic inflammatory cells (Figure
1). KS lesions evolve from early patch, to plaque, and later tumor nodules. Early patch lesions
are characterized by a proliferation of irregular, thin-walled vascular channels. As the
cellularity of the lesion increases a palpable plaque forms. Continued proliferation of spindle
cells eventually results in a nodular tumor. KS regression can rarely occur spontaneously, but
as alluded to above is seen most often following appropriate therapy or after removal of
immunosuppressive therapy.(15) KS flare (or exacerbation) can occur with either the immune
reconstitution inflammatory syndrome (IRIS) following HAART, after corticosteroids, and
with rituximab therapy.(16) Unique staging systems available for Classic and AIDS-associated
KS (e.g. AIDS Clinical Trials Group staging classification) are used mainly for patients on
trials.
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Targeting KSHV

Like all herpesviruses, the KSHV lifecycle includes a latent and lytic phase. Gene expression
in the latent phase is limited, even though these gene products play an important role in
oncogenesis.(17) The lytic phase is characterized by the expression of many genes that
culminate in viral replication followed by cell lysis and the release of viral replicants. It is
during this lytic phase that KSHV is susceptible to the effects of anti-viral agents.(18) Notably,
in KS lesions only a small percentage of cells are infected with KSHV in the lytic phase, as
the great majority harbor KSHV in the latent phase.(19) In KSHV-related MCD, by
comparison, a much greater degree of KSHV lytic gene expression is seen in lesional tissue.
(20)

Given its causal role in KS, there has been great optimism that therapy aimed directly against
KSHV may provide benefit in the treatment of KS. Several antiviral agents including
ganciclovir, foscarnet, and cidofovir have been shown to inhibit KSHV replication in vitro,
and a randomized controlled trial has recently established the efficacy of valganciclovir in
reducing KSHYV replication.(21: 22) In addition, a trend towards a lower incidence of KS in
CMV infected patients with concomitant HIV who received ganciclovir and foscarnet, but not
acyclovir which has little in vitro activity against KSHV, has been reported.(23) As of yet,
however, this has not translated into the successful therapeutic use of these antiviral agents in
KS.

Sgecifically, cidofovir was shown to be ineffective in the treatment of patients with KS.(24
2 ) This is in contrast to reports of improvement of patients with MCD treated with ganciclovir.
(26) Also, cases of prolonged survival in persons with PEL treated adjunctively with
ganciclovir or cidofovir have been reported.(27 28) The reason for this variable activity of
antiviral therapy for each of the KSHV-associated diseases is unclear, but likely lies in the
relative proportion of lytic-phase virus present in each disease.(18)

Histone deacetylase (HDAC) inhibitors are agents capable of inducing lytic replication in
latently infected cells.(29) The HDAC inhibitor valproic acid was initially shown to induce
lytic replication of KSHV in cultured PEL cells.(30) This was followed by a pilot clinical trial
of valproic acid in patients with AIDS-associated KS on HAART.(31) Although only 6% (1/18
patients) showed a partial response after short-course treatment, none of the patients in this
study had KS progression. This pilot study supports further research of more potent HDAC
inhibitors over longer treatment courses in patients with KS.

Targeting KSHV-directed immunity

The regression of KS with the reduction of immunosuppressive treatment following solid organ
transplant, and the clinical improvement of KS in subjects with immune reconstitution
following HAART, is evidence that the immune system plays a critical role in the control of
KS. The exact mechanisms have not been elucidated to fully describe the immune system'’s
interaction with KSHV infected cells, nor its overseeing of the above mentioned clinical
regression. What is clear is that diminished immune status is a critical contributing factor to
KS development, and its improvement is an important therapeutic goal.

Highlighting this approach is the effectiveness of antiretroviral regimens in treating AIDS-
related KS. This strategy is so important that it is considered standard practice for all patients
with AlDS-associated KS to receive HAART when availible.(8) This is based on the fact that
HAART is associated with both a reduction in the incidence of AIDS-related KS and regression
in size and number of existing lesions.(32: 33) It is difficult to know exactly at what rate KS
responds to HAART alone, since in many patients with advanced KS, cytotoxic chemotherapy
was administered concurrently. While there is minimal data comparing the efficacy of various
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HAART regimens in the treatment of KS, the use protease-inhibitor-containing regimens have
atheoretical advantage based on experimental models and anecdotal data. (34) Discontinuation
of chemotherapy without subsequent KS recurrence can be achieved in certain individuals with
more advanced KS once their HIV infection is successfully suppressed with effective HAART.

In patients with iatrogenic (transplant-associated) KS, reduction of immunosuppression, while
not always feasible, is desired.(9) In patients where such reductions would incur undue risk
(e.g. graft rejection), changes in the immunomodulatory regimen may be warranted. For
example, a series of patients had notable regression of KS when the cyclosporine-based
regimens on which they developed KS where changed to one that included rapamycin.(35)
While the degree of immunosuppression was likely unaltered based upon the absence of graft
rejection in these patients, the improvement documented was more likely the result of inhibiting
constitutively active KSHV-mediated signal transduction. The use of rapamycin and its analogs
is discussed below.

Targeting KSHV-mediated signaling

Through intricate and varied utilization of critical signal transduction pathways, KSHV gene
products drive the transformation of KSHV-infected cells into KS lesions. Some of these virally
encoded proteins are cellular homologues of oncogenes which play critical roles in cell cycle
regulation and apoptosis. Others are homologues of cytokines, chemokines, or chemokine
receptors which promote cellular growth and transformation when abnormally regulated. The
ramification of activating these proteins and oncogenic pathways include abnormal regulation
of the cell cycle, promotion of angiogenesis, and the propagation of an anti-apoptotic signal.
Recent advances made in our understanding of the KSHV genome and the many sequential
and parallel signaling pathways it activates has identified several drugable targets.(36)

Perhaps the most promising therapeutic targets in KS are the downstream signaling pathways
upregulated by a viral G-protein coupled receptor (vGPCR).(37) Encoded by KSHYV in the
lytic phase of replication, vVGPCR shares significant homology with the high-affinity
interleukin (IL)-8 receptor, and its dysregulated expression contributes to oncogenesis.(38)
The consequence of its activation is best highlighted by the fact that transgenic mice expressing
VGPCR develop angioproliferative tumors resembling KS in multiple organs. These
tumorigenic effects are potentially mediated through numerous cellular proliferation,
transformation, pro-angiogenic and anti-apoptotic signaling pathways, the most important of
which appears to be the phosphatidylinositol 3-kinase (P13K) pathway.(37'41)

PI3K is a lipid kinase that activates Akt, a serine-threonine kinase that has multiple targets
including the mammalian target of rapamycin (mTOR), a kinase that plays a crucial role in cell
proliferation and survival in KS.(41 42) The activation of this pathway and the implications
of its inhibition have been well described in vGPCR-transfected cells and in AIDS-related KS
samples. In vitro, cells expressing constitutively active vVGPCR have high levels of activated
Akt, inactivated TSC2 (a tumor suppressor which is inactivated by Akt), and activated mTOR.
(43 44) This has been reversed with either a PI3K inhibitor (LY 294002) or an mTOR inhibitor
(rapamycin) in vitro and in vivo murine models; the latter also associated with decreased tumor
growth.(44) As mentioned previously, all 15 patients described with iatrogenic KS who
developed lesions on cyclosporine-based immunosuppression regimens had complete clinical
and histological regression of KS in response to discontinuing cyclosporine and commencing
rapamycin.(35) Additionally, intense staining of mTOR pathway mediators including
expression of phosphorylated Akt, vascular endothelial growth factor (VEGF), VEGF receptor
2 (VEGFR1), and phophorylated p70S6 kinase was seen in the KS lesions compared with
comparative normal skin biopsies.(35) A clinical trial is underway to determine the safety and
efficacy of rapamycin in AIDS-related KS.
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Activation of mTOR has numerous effects including the enhancement of a pro-angiogenic
signal through increased expression of vascular endothelial growth factor (VEGF).(45) InKS,
VEGF as well as VEGF receptor ZéVEGFRZ) and VEGFR3 expression are seen and deemed
important for its development.(46° 0) Furthermore, the expression of vVGPCR in HUVEC
(human umbilical vein endothelial cells) leads to immortalization which occurs with
concomitant expression of VEGFR2 (KDR).(51) This further activates PI3K/Akt/mTOR and
leads to the increased secretion of VEGF, which enhances VEGFR2 activation. This autocrine
loop enhances survival of these cells and is thought to be a major transforming mechanism.
(51) Inhibition of VEGF, either through monoclonal antibodies (bevacizumab) or with small
molecule tyrosine kinase inhibitors (sorafenib, sunitinib), has proven clinical efficacy in many
solid tumors including breast cancer, renal cell carcinoma, lung cancer, and colon cancer.
Currently, the use of VEGF inhibitors is an area of active investigation for patients with KS,
and NClI-sponsored clinical trials are ongoing with bevacizumab, sunitinib, and sorafenib.

Targeting downstream effectors of the vVGPCR in the treatment of KS, including PI3K, mTOR,
or VEGF, offers considerable rationale and promise, however downmodulation of the receptor
activation itself may provide a more direct and effective strategy. Interleukin-12 (IL-12) is a
proinflammatory cytokine which promotes expression of the type | immune response, at least
in part through stimulation of interferon gamma production and is known to mediate an
antiangiogenic signal.(52) In addition, IL-12 upregulates interferon-induced-protein-10
(IP-10) which is a known negative regulator of vGPCR and IL-12 may thus inhibit vVGPCR
signal transduction through this mechanism. (53 54) Given these properties, it is not surprising
that IL-12 has been investigated as a potential treatment for KS. In a phase | exploratory study
of patients with AIDS-related KS, 17 of 24 (70 %) patients treated at higher doses near or above
the MTD of 500 ng/kg experienced a partial or complete response.(55) Following this, IL-12
was combined with pegalated liposomal doxorubicin (PLD) in a phase two study. In this trial
patients received both IL-12 and PLD for up to six cycles and then received IL-12 maintenance
for up to three years.(56) 30 of the 36 (83 %) patients enrolled had a major clinical response
and the median progression free survival had not been reached with a median follow up of over
four years.

While targeting mTOR and VEGF are promising therapeutic strategies, the inhibition of other
upregulated pathways in KS have been the focus of recently completed clinical trials. Based
on the pathologic findings of increased expression of the platelet derived growth factor receptor
(PDGFR) and the receptor tyrosine kinase c-kit in KS, a pilot study with imatinib was
performed.(57'61) Imatinib is a small molecule inhibitor of multiple tyrosine kinases including
ber-abl, PDGFR, and c-kit. A total of ten patients with AIDS-related KS were treated with
imatinib, and clinical and histological response was seen in four patients.(62)

Finally, another promising therapeutic strategy for KS is the inhibition of matrix
metalloproteinases (MMPSs). MMPs are endopeptidases that assist in angiogenesis via
degradation of extracellular matrix. While they play a role in normal angiogenesis and wound
healing, several MMPs such as MMP2 and MMP9 are associated with malignancy and are
both expressed in KS.(63 64) COL3, atetracycline, is a known MMP inhibitor which showed
promising activity in a phase I trial of advanced malignancies.(65) Based on MMP expression
in KS, a phase | trial was performed and was well tolerated and showed anti-tumor activity in
patients with AlIDS-related KS. A subsequent phase 1l trial confirmed the antitumor activity
of COL3 in treating KS.(66)

Conclusions

Over the past 10-15 years, the ability to molecularly target intricate pathways in cancer has
been transformed from a hopeful idea to a definitive reality. This has revolutionized the way
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cancer is being treated, and AlIDS-related malignancies are no exception. In particular, Kaposi
Sarcoma is an ideal example of a disease whose clinical characteristics inspired elegant bench
research which has translated into improved clinical decision making. Its association with
immunodeficiency and certain regions stimulated investigators to search out a culprit infectious
agent. Once discovered, elegant research on KSHV has elucidated intricate sequential and
parallel signaling pathways that can be inhibited by small molecule tyrosine kinase inhibitors
and antibodies to key cell surface receptors. In total, this has translated to a multifaceted
therapeutic approach which includes targeting the causal agent (KSHV), the deficient immune
system (ie. HAART in AIDS-related KS), and the molecular pathways which fuel tumor growth
and new blood vessel formation. Continued efforts remain essential in determining the optimal
treatment for KS which will minimize toxicity and enhance patient's quality and quantity of
life. In seems clear that the application of state-of-the art bench and clinical research tools will
help us achieve this, now, attainable goal.

References

1. Cesarman E, Chang Y, Moore PS, Said JW, Knowles DM. Kaposi's sarcoma-associated herpesvirus-
like DNA sequences in AlDS-related body-cavity-based lymphomas. The New England journal of
medicine 1995 May 4;332(18):1186-91. [PubMed: 7700311]

2. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, et al. Identification of
herpesvirus-like DNA sequences in AIDS-associated Kaposi's sarcoma. Science (New York, NY 1994
Dec 16;266(5192):1865-9.

3. Soulier J, Grollet L, Oksenhendler E, Cacoub P, Cazals-Hatem D, Babinet P, et al. Kaposi's sarcoma-
associated herpesvirus-like DNA sequences in multicentric Castleman's disease. Blood 1995 Aug
15;86(4):1276-80. [PubMed: 7632932]

4. Aversa SM, Cattelan AM, Salvagno L, Crivellari G, Banna G, Trevenzoli M, et al. Treatments of
AIDS-related Kaposi's sarcoma. Critical reviews in oncology/hematology 2005 Mar;53(3):253-65.
[PubMed: 15718150]

5. Di Lorenzo G, Konstantinopoulos PA, Pantanowitz L, Di Trolio R, De Placido S, Dezube BJ.
Management of AIDS-related Kaposi's sarcoma. The lancet oncology 2007 Feb;8(2):167-76.
[PubMed: 17267331]

6. Guttman-Yassky E, Dubnov J, Kra-Oz Z, Friedman-Birnbaum R, Silbermann M, Barchana M, et al.
Classic Kaposi sarcoma. Which KSHV-seropositive individuals are at risk? Cancer 2006 Jan 15;106
(2):413-9. [PubMed: 16353205]

7. Mitxelena J, Gomez-Ullate P, Aguirre A, Rubio G, Lampreabe I, Diaz-Perez JL. Kaposi's sarcoma in
renal transplant patients: experience at the Cruces Hospital in Bilbao. International journal of
dermatology 2003 Jan;42(1):18-22. [PubMed: 12581135]

8. Krown SE. Highly active antiretroviral therapy in AIDS-associated Kaposi's sarcoma: implications for
the design of therapeutic trials in patients with advanced, symptomatic Kaposi's sarcoma. J Clin Oncol
2004 Feb 1;22(3):399-402. [PubMed: 14752065]

9. Moray G, Basaran O, Yagmurdur MC, Emiroglu R, Bilgin N, Haberal M. Immunosuppressive therapy
and Kaposi's sarcoma after kidney transplantation. Transplantation proceedings 2004 Jan-Feb;36(1):
168-70. [PubMed: 15013336]

10. Database, S. [February 6, 2008]. cited; Available from:

http://seer.cancer.gov/csr/1975_2004/results_merged/sect_10_kaposi_sarcoma.pdf

11. Northfelt DW, Dezube BJ, Thommes JA, Miller BJ, Fischl MA, Friedman-Kien A, et al. Pegylated-

liposomal doxorubicin versus doxorubicin, bleomycin, and vincristine in the treatment of AIDS-
related Kaposi's sarcoma: results of a randomized phase 111 clinical trial. J Clin Oncol 1998 Jul;16
(7):2445-51. [PubMed: 9667262]

12. Stewart S, Jablonowski H, Goebel FD, Arasteh K, Spittle M, Rios A, et al. Randomized comparative
trial of pegylated liposomal doxorubicin versus bleomycin and vincristine in the treatment of AIDS-
related Kaposi's sarcoma. International Pegylated Liposomal Doxorubicin Study Group. J Clin Oncol
1998 Feb;16(2):683-91. [PubMed: 9469358]

BioDrugs. Author manuscript; available in PMC 2010 January 1.


http://seer.cancer.gov/csr/1975_2004/results_merged/sect_10_kaposi_sarcoma.pdf

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sullivan et al.

13.

14.

15

16.

17.

Page 7

Gill PS, Wernz J, Scadden DT, Cohen P, Mukwaya GM, von Roenn JH, et al. Randomized phase 111
trial of liposomal daunorubicin versus doxorubicin, bleomycin, and vincristine in AIDS-related
Kaposi's sarcoma. J Clin Oncol 1996 Aug;14(8):2353-64. [PubMed: 8708728]

Welles L, Saville MW, Lietzau J, Pluda JM, Wyvill KM, Feuerstein I, et al. Phase 11 trial with dose
titration of paclitaxel for the therapy of human immunodeficiency virus-associated Kaposi's sarcoma.
J Clin Oncol 1998 Mar;16(3):1112-21. [PubMed: 9508198]

. Pantanowitz L, Dezube BJ, Pinkus GS, Tahan SR. Histological characterization of regression in

acquired immunodeficiency syndrome-related Kaposi's sarcoma. Journal of cutaneous pathology
2004 Jan;31(1):26-34. [PubMed: 14675282]

Pantanowitz L, Fruh K, Marconi S, Moses AV, Dezube BJ. Pathology of rituximab-induced Kaposi
sarcoma flare. BMC clinical pathology 2008;8:7. [PubMed: 18651955]

Ganem D. KSHV infection and the pathogenesis of Kaposi's sarcoma. Annual review of pathology
2006;1:273-96.

18. Casper C. Defining a role for antiviral drugs in the treatment of persons with HHV-8 infection. Herpes

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

2006 Aug;13(2):42—7. [PubMed: 16895654]

Grundhoff A, Ganem D. Inefficient establishment of KSHV latency suggests an additional role for
continued lytic replication in Kaposi sarcoma pathogenesis. The Journal of clinical investigation
2004 Jan;113(1):124-36. [PubMed: 14702116]

Katano H, Sato Y, Kurata T, Mori S, Sata T. Expression and localization of human herpesvirus 8-
encoded proteins in primary effusion lymphoma, Kaposi's sarcoma, and multicentric Castleman's
disease. Virology 2000 Apr 10;269(2):335-44. [PubMed: 10753712]

Kedes DH, Ganem D. Sensitivity of Kaposi's sarcoma-associated herpesvirus replication to antiviral
drugs. Implications for potential therapy. The Journal of clinical investigation 1997 May 1;99(9):
2082-6. [PubMed: 9151779]

Casper C, Krantz EM, Corey L, Kuntz SR, Wang J, Selke S, et al. Valganciclovir for suppression of
human herpesvirus-8 replication: a randomized, double-blind, placebo-controlled, crossover trial.
The Journal of infectious diseases 2008 Jul 1;198(1):23-30. [PubMed: 18491970]

Glesby MJ, Hoover DR, Weng S, Graham NM, Phair JP, Detels R, et al. Use of antiherpes drugs and
the risk of Kaposi's sarcoma: data from the Multicenter AIDS Cohort Study. The Journal of infectious
diseases 1996 Jun;173(6):1477-80. [PubMed: 8648224]

Simonart T, Noel JC, De Dobbeleer G, Parent D, Van Vooren JP, De Clercq E, et al. Treatment of
classical Kaposi's sarcoma with intralesional injections of cidofovir: report of a case. Journal of
medical virology 1998 Jul;55(3):215-8. [PubMed: 9624609]

Little RF, Merced-Galindez F, Staskus K, Whitby D, Aoki Y, Humphrey R, et al. A pilot study of
cidofovir in patients with kaposi sarcoma. The Journal of infectious diseases 2003 Jan 1;187(1):149—
53. [PubMed: 12508160]

Casper C, Nichols WG, Huang ML, Corey L, Wald A. Remission of HHV-8 and HIV-associated
multicentric Castleman disease with ganciclovir treatment. Blood 2004 Mar 1;103(5):1632-4.
[PubMed: 14615380]

Braza JM, Sullivan RJ, Bhargava P, Pantanowitz L, Dezube BJ. Images in HIV/AIDS. Pericardial
primary effusion lymphoma. The AIDS reader 2007 May;17(5):250-2. [PubMed: 17532660]
Hocqueloux L, Agbalika F, Oksenhendler E, Molina JM. Long-term remission of an AIDS-related
primary effusion lymphoma with antiviral therapy. AIDS (London, England) 2001 Jan 26;15(2):280-
2.

Shaw RN, Arbiser JL, Offermann MK. Valproic acid induces human herpesvirus 8 lytic gene
expression in BCBL-1 cells. AIDS (London, England) 2000 May 5;14(7):899-902.

Klass CM, Krug LT, Pozharskaya VP, Offermann MK. The targeting of primary effusion lymphoma
cells for apoptosis by inducing lytic replication of human herpesvirus 8 while blocking virus
production. Blood 2005 May 15;105(10):4028-34. [PubMed: 15687238]

Lechowitz M, Lee J, Dittmer D, Krown S, Said J, Ambinder RF. A pilot trial of valproic acid in
patients with Kaposi's Sarcoma: A multi-center trial of the AIDS Malignancy Consortium. Blood
(ASH Annual Meeting Abstracts) 2007;2007:Abstract 2279.

Sparano JA, Anand K, Desai J, Mitnick RJ, Kalkut GE, Hanau LH. Effect of highly active
antiretroviral therapy on the incidence of HIV-associated malignancies at an urban medical center.

BioDrugs. Author manuscript; available in PMC 2010 January 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sullivan et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 8

Journal of acquired immune deficiency syndromes (1999) 1999 Aug 1;21:S18-22. [PubMed:
10430213]

Aboulafia DM. Regression of acquired immunodeficiency syndrome-related pulmonary Kaposi's
sarcoma after highly active antiretroviral therapy. Mayo Clinic proceedings 1998 May;73(5):439—
43. [PubMed: 9581584]

Casper C, Wald A. The use of antiviral drugs in the prevention and treatment of Kaposi sarcoma,
multicentric Castleman disease and primary effusion lymphoma. Current topics in microbiology and
immunology 2007;312:289-307. [PubMed: 17089802]

Stallone G, Schena A, Infante B, Di Paolo S, Loverre A, Maggio G, et al. Sirolimus for Kaposi's
sarcoma in renal-transplant recipients. The New England journal of medicine 2005 Mar 31;352(13):
1317-23. [PubMed: 15800227]

Sullivan R, Dezube BJ, Koon HB. Signal transduction targets in Kaposi's sarcoma. Current opinion
in oncology 2006 Sep;18(5):456-62. [PubMed: 16894293]

Arvanitakis L, Geras-Raaka E, Varma A, Gershengorn MC, Cesarman E. Human herpesvirus KSHV
encodes a constitutively active G-protein-coupled receptor linked to cell proliferation. Nature 1997
Jan 23;385(6614):347-50. [PubMed: 9002520]

Bais C, Santomasso B, Coso O, Arvanitakis L, Raaka EG, Gutkind JS, et al. G-protein-coupled
receptor of Kaposi's sarcoma-associated herpesvirus is a viral oncogene and angiogenesis activator.
Nature 1998 Jan 1;391(6662):86-9. [PubMed: 9422510]

Dadke D, Fryer BH, Golemis EA, Field J. Activation of p21-activated kinase 1-nuclear factor kappaB
signaling by Kaposi's sarcoma-associated herpes virus G protein-coupled receptor during cellular
transformation. Cancer research 2003 Dec 15;63(24):8837-47. [PubMed: 14695200]

Geras-Raaka E, Arvanitakis L, Bais C, Cesarman E, Mesri EA, Gershengorn MC. Inhibition of
constitutive signaling of Kaposi's sarcoma-associated herpesvirus G protein-coupled receptor by
protein kinases in mammalian cells in culture. The Journal of experimental medicine 1998 Mar 2;187
(5):801-6. [PubMed: 9480990]

Montaner S, Sodhi A, Ramsdell AK, Martin D, Hu J, Sawai ET, et al. The Kaposi's sarcoma-associated
herpesvirus G protein-coupled receptor as a therapeutic target for the treatment of Kaposi's sarcoma.
Cancer research 2006 Jan 1;66(1):168—74. [PubMed: 16397229]

Couty JP, Geras-Raaka E, Weksler BB, Gershengorn MC. Kaposi's sarcoma-associated herpesvirus
G protein-coupled receptor signals through multiple pathways in endothelial cells. The Journal of
biological chemistry 2001 Sep 7;276(36):33805-11. [PubMed: 11448967]

Sodhi A, Chaisuparat R, Hu J, Ramsdell AK, Manning BD, Sausville EA, et al. The TSC2/mTOR
pathway drives endothelial cell transformation induced by the Kaposi's sarcoma-associated
herpesvirus G protein-coupled receptor. Cancer cell 2006 Aug;10(2):133-43. [PubMed: 16904612]
Montaner S. Akt/TSC/mTOR activation by the KSHV G protein-coupled receptor: emerging insights
into the molecular oncogenesis and treatment of Kaposi's sarcoma. Cell cycle (Georgetown, Tex
2007 Feb 1;6(4):438-43.

Cho D, Signoretti S, Regan M, Mier JW, Atkins MB. The role of mammalian target of rapamycin
inhibitors in the treatment of advanced renal cancer. Clin Cancer Res 2007 Jan 15;13(2 Pt 2):758s—
63s. [PubMed: 17255306]

Skobe M, Brown LF, Tognazzi K, Ganju RK, Dezube BJ, Alitalo K, et al. VVascular endothelial growth
factor-C (VEGF-C) and its receptors KDR and flt-4 are expressed in AlDS-associated Kaposi's
sarcoma. The Journal of investigative dermatology 1999 Dec;113(6):1047-53. [PubMed: 10594750]

Marchio S, Primo L, Pagano M, Palestro G, Albini A, Veikkola T, et al. Vascular endothelial growth
factor-C stimulates the migration and proliferation of Kaposi's sarcoma cells. The Journal of
biological chemistry 1999 Sep 24;274(39):27617-22. [PubMed: 10488101]

Sodhi A, Montaner S, Patel V, Zohar M, Bais C, Mesri EA, et al. The Kaposi's sarcoma-associated
herpes virus G protein-coupled receptor up-regulates vascular endothelial growth factor expression
and secretion through mitogen-activated protein kinase and p38 pathways acting on hypoxia-
inducible factor lalpha. Cancer research 2000 Sep 1;60(17):4873-80. [PubMed: 10987301]
Samaniego F, Young D, Grimes C, Prospero V, Christofidou-Solomidou M, DeL.isser HM, et al.
Vascular endothelial growth factor and Kaposi's sarcoma cells in human skin grafts. Cell Growth
Differ 2002 Aug;13(8):387-95. [PubMed: 12193477]

BioDrugs. Author manuscript; available in PMC 2010 January 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sullivan et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 9

Ford PW, Hamden KE, Whitman AG, McCubrey JA, Akula SM. Vascular endothelial growth factor
augments human herpesvirus-8 (HHV-8/KSHV) infection. Cancer biology & therapy 2004 Sep;3(9):
876-81. [PubMed: 15254407]

Bais C, Van Geelen A, Eroles P, Mutlu A, Chiozzini C, Dias S, et al. Kaposi's sarcoma associated
herpesvirus G protein-coupled receptor immortalizes human endothelial cells by activation of the
VEGF receptor-2/KDR. Cancer cell 2003 Feb;3(2):131-43. [PubMed: 12620408]

Yarchoan R, Pluda JM, Wyvill KM, Aleman K, Rodriguez-Chavez IR, Tosato G, et al. Treatment of
AIDS-related Kaposi's sarcoma with interleukin-12: rationale and preliminary evidence of clinical
activity. Critical reviews in immunology 2007;27(5):401-14. [PubMed: 18197804]

Sgadari C, Angiolillo AL, Tosato G. Inhibition of angiogenesis by interleukin-12 is mediated by the
interferon-inducible protein 10. Blood 1996 May 1;87(9):3877-82. [PubMed: 8611715]
Geras-Raaka E, Varma A, Ho H, Clark-Lewis I, Gershengorn MC. Human interferon-gamma-
inducible protein 10 (IP-10) inhibits constitutive signaling of Kaposi's sarcoma-associated
herpesvirus G protein-coupled receptor. The Journal of experimental medicine 1998 Jul 20;188(2):
405-8. [PubMed: 9670053]

Little RF, Pluda JM, Wyvill KM, Rodriguez-Chavez IR, Tosato G, Catanzaro AT, et al. Activity of
subcutaneous interleukin-12 in AlIDS-related Kaposi sarcoma. Blood 2006 Jun 15;107(12):4650-7.
[PubMed: 16507779]

Little RF, Aleman K, Kumar P, Wyvill KM, Pluda JM, Read-Connole E, et al. Phase 2 study of
pegylated liposomal doxorubicin in combination with interleukin-12 for AIDS-related Kaposi
sarcoma. Blood 2007 Dec 15;110(13):4165-71. [PubMed: 17846226]

Pistritto G, Ventura L, Mores N, Lacal PM, D'Onofrio C. Regulation of PDGF-B and PDGF receptor
expression in the pathogenesis of Kaposi's sarcoma in AIDS. Antibiotics and chemotherapy
1994;46:73-87. [PubMed: 7826042]

Sturzl M, Roth WK, Brockmeyer NH, Zietz C, Speiser B, Hofschneider PH. Expression of platelet-
derived growth factor and its receptor in AIDS-related Kaposi sarcoma in vivo suggests paracrine
and autocrine mechanisms of tumor maintenance. Proceedings of the National Academy of Sciences
of the United States of America 1992 Aug 1;89(15):7046-50. [PubMed: 1323124]

Werner S, Hofschneider PH, Heldin CH, Ostman A, Roth WK. Cultured Kaposi's sarcoma-derived
cells express functional PDGF A-type and B-type receptors. Experimental cell research 1990 Mar;
187(1):98-103. [PubMed: 2153568]

Roth WK, Werner S, Schirren CG, Hofschneider PH. Depletion of PDGF from serum inhibits growth
of AIDS-related and sporadic Kaposi's sarcoma cells in culture. Oncogene 1989 Apr;4(4):483-7.
[PubMed: 2541390]

Moses AV, Jarvis MA, Raggo C, Bell YC, Ruhl R, Luukkonen BG, et al. Kaposi's sarcoma-associated
herpesvirus-induced upregulation of the c-kit proto-oncogene, as identified by gene expression
profiling, is essential for the transformation of endothelial cells. Journal of virology 2002 Aug;76
(16):8383-99. [PubMed: 12134042]

Koon HB, Bubley GJ, Pantanowitz L, Masiello D, Smith B, Crosby K, et al. Imatinib-induced
regression of AIDS-related Kaposi's sarcoma. J Clin Oncol 2005 Feb 10;23(5):982-9. [PubMed:
15572730]

Benelli R, Adatia R, Ensoli B, Stetler-Stevenson WG, Santi L, Albini A. Inhibition of AIDS-Kaposi's
sarcoma cell induced endothelial cell invasion by TIMP-2 and a synthetic peptide from the
metalloproteinase propeptide: implications for an anti-angiogenic therapy. Oncology research 1994;6
(6):251-7. [PubMed: 7532474]

Blankaert D, Simonart T, Van VVooren JP, Parent D, Liesnard C, Farber CM, et al. Constitutive release
of metalloproteinase-9 (92-kd type IV collagenase) by Kaposi's sarcoma cells. J Acquir Immune
Defic Syndr Hum Retrovirol 1998 Jul 1;18(3):203-9. [PubMed: 9665496]

Cianfrocca M, Cooley TP, Lee JY, Rudek MA, Scadden DT, Ratner L, et al. Matrix metalloproteinase
inhibitor COL-3 in the treatment of AIDS-related Kaposi's sarcoma: a phase 1 AIDS malignancy
consortium study. J Clin Oncol 2002 Jan 1;20(1):153-9. [PubMed: 11773164]

Dezube BJ, Krown SE, Lee JY, Bauer KS, Aboulafia DM. Randomized phase Il trial of matrix
metalloproteinase inhibitor COL-3 in AIDS-related Kaposi's sarcoma: an AIDS Malignancy
Consortium Study. J Clin Oncol 2006 Mar 20;24(9):1389-94. [PubMed: 16549833]

BioDrugs. Author manuscript; available in PMC 2010 January 1.



