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INTRODUCTION

Cancers are one of the most common diseases in the world. In Hungary they are the 

second leading causes of death. Research aimed at the elucidation of the mechanism 

of tumor development and tumor therapy are in the center of attention. In vitro 

studies on cell cultures and on samples from humans are part of the basic 

investigation.

Cancer therapy is one of the most urgent field of basic research. Synthesis of new 

anticancer drugs with a better therapeutic index is also a challenge for contemporary 

investigators. At the begining of my scientific work I had the possibility to test new 

synthetic anticancer drugs on malignant cell culture in vitro. The first part of this 

dissertation briefly describes results related to this topic.

Staying at malignant proliferations I continued my work on the field of dermatology, 

particularly on Kaposi’s sarcoma and skin tumors of vascular origin. Getting closer to 

everyday patient care I became more and more curious about the etiology and the 

pathomechanism of the diseases. The second part of the dissertation contains my 

recent work regarding the investigation of human herpesvirus 8 in Kaposi’s sarcoma 

and skin tumors of vascular origin and the cytokine network in Kaposi’s sarcoma.
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IN VITRO ANTIPROLIFERATIVE EFFECT OF PHENOTHIAZINES AND

STRUCTURALLY RELATED COMPOUNDS ON CELL CULTURE

1.1 BACKGROUND

The search for new and more effective drugs has been one of the most 

interesting and challenging phases of scientific endeavour. Most antitumor 

agents used clinically now show poor selectivity for cancer cells.

Anticancer drugs can be divided into at least 5 subgroups:

Alkylating agents (like nitrogen mustards /cyclophosphamide/, nitrosoureas 

/carmustine -BCNU-/, and alkylsulfonates /busulfan/); antimetabolits (like 

antagonists of folic acid /methotrexate/, purine / 6-mercaptopurine/, or 

pyrimidines /5-fluorouracil/); plant alkaloids (like Vinca alkaloids 

/vinblastine, vincristine/ podophyllotoxins /etoposide/); antibiotics (like 

doxorubicin, bleomycin, mitomycin); hormones and hormone antagonists (like 

prednisone, estrogens, progestins, androgens, tamoxifen, etc,)

Cohen et al have reported that the combination treatment of l,3-bis(2- 

chloroethyl)-l-nitrosourea (BCNU), chlorpromazine (a phenothiazine /PTZ/ 

derivative) and caffeine significantly increased the survival of mice bearing 

L1210 leukemia compared to mice treated with BCNU alone (1). The 

antiproliferative and anticancer effects of several PTZ related compounds 

have been studied in the last decade. It was shown that some substituted PTZs 

exert antiproliferative effect on tumor cells in vitro. They were found to 

inhibit the growth of two human lung fibroblast (TIG-1, TIG-3), three human 

skin fibroblast (TIG-3S, TIG-110, TIG-112) and two human glioblastoma cell 

lines (TIG-98G, U-87MG) (2,3).
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PTZ was found by Bernthsen in 1883 (4). It has two benzene rings connected by 

sulfur and nitrogen atoms.

Figure 1. The structure of PTZ

PTZs are a group of antipsychotic drugs that have diverse pharmacological 

actions that include gangliolytic, adrenolytic, antifibrillatory, local anesthetic, 

diuretic, antipyretic, anticonvulsant, and antiemetic properties (5,6). Although 

they are used clinically for their antipsychotic, antiemetic, and antihistaminic 

effects, their antiproliferative effects have been long appreciated. The 

antiproliferative effect of some PTZs was potentiated with the proton pump 

inhibitor omeprazol, showing that the electrochemical proton gradient is 

important in the drug accumulation in the cell. It was supposed that proton 

motive force plays a role in the drug binding process (2). Within the various 

classes of antitumor drugs, preliminary observation on the relationship between 

chemical structure and enhancement of activity has been made. Structural 

modification of PTZs with the substitution on the nitrogen atom has led to more 

potent antitumor agents (7). Changes at ring position 2 had less effect on 

enhancing activity than changes at ring position 10 (8,9). Substitutions at 

position 2 with groups that enhance hydrophobicity such as CF3, SC2H5, OCH3, 

or Cl increased the antitumor effects, but the hydrophilic OF! group decreased 

potency. Substitution of a carbon for a nitrogen at position 10 of the tricyclic 

ring, with a double bond to the side chain (thioxanthene), further increased 

activity against tumor cells. Modifying the length of the alkyl bridge and the 

type of the amine side chain also influenced potency. Compounds with increased 

activity against cellular proliferation and multidrug resistant (mdr) cell lines 

possessed a four-carbon bridge rather than a three-, or two-carbon bridge (10).
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Motohashi has observed that the PTZ ring was essential for the antitumor activity 

and have found higher potencies with three-carbon bridge than with two-carbon 

bridge (7).

There are some fact that support PTZ as a potential antitumor agent: 

-Structural modifications of PTZs with substitution at the nitrogen atom may lead 

to more potent anticancer agents. Modifications in the PTZ ring, such as Cl or CF3 

substitution at position 2, that increased hydrophobicity of the PTZ nucleus, gave 

more effective derivatives (9).

-A synergistic effect may be achieved when PTZs are used in combination with 

other antitumor agents (Tubulozole-C, Cyclophosphamide, BCNU, etc.) (2,9).

- PTZs show both antitumor as well as, anticarcinogenic properties (11). The 

anticarcinogenic activity may be related to a decreased permeability of the cell 

membrane, resulting in less effective penetration of the carcinogen into the cells 

and subcellular structures. Also, there may be a stabilization of lysosomal 

membranes with decreased liberation of lysosomal enzymes that play a role in the 

early stages of cell division and carcinogenesis.

-PTZs exert antiproliferative effect by inhibiting several cell functions. Some of 

the hydroxylated PTZ derivatives can react with oxygen to form the very reactive 

and potentially toxic oxygen species: hydrogen peroxide, superoxide radical and 

hydroxyl radical. These agents show antiproliferative effect (12). 

-Motohashi et al (13) and Barabás et al (14) have studied the intercalation between 

chlorpromazine and DNA. Chlorpromazine and derivatives showed intercalation 

effect in E. coli MRE 600 DNA.

PTZs are known to be one of the most potent calmodulin (CaM) antagonists 

(7). PTZ antipsychotics and several structurally related drugs have been shown to 

inhibit the action of calmodulin (CaM) by directly binding to it in a Ca++ dependent 

manner. They may exert their antiproliferative effect through interference with the 

action of CaM.

CaM is widely distributed, acidic, heat-stable, calcium binding protein. Discovered 

independently by Cheung (1970) (15) and Kakiuchi and Yamazaki (1970) (16) as 

an activator of phophodiestrease. It has been shown to activate many other Ca++- 

dependent enzymes and play a role in modulating a wide variety of cellular events, 

particularly in nervous, muscular and secretory systems (7). Certain transformed
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cells have a greater content of CaM than their normal counterparts and may also 

require less calcium to sustain cellular proliferation. Chafouleas et al have shown 

that progression of cells into and through the cell cycle was associated with 

changes in CaM content and that the progression was blocked by CaM antagonists 

(17). PTZs are among the most potent inhibitors of CaM (7). Figure 7 shows a 

possible mechanism by which PTZs block the CaM-induced activation of enzymes. 

The first step involves the interaction of calcium with CaM. Calcium binds to CaM 

(up to four calcium ions to one molecule of CaM) (18). This results in a 

conformational change in CaM. The calcium-CaM complex then interacts with a 

specific CaM-sensitive form of the enzyme, causing the formation of the active 

CaM-calcium-enzyme complex and, subsequently, the biochemical response. The 

calcium-CaM complex may also bind PTZs resulting in a CaM-calcium-PTZ 

complex. In the absence of calcium, there is no interaction of CaM with either the 

enzyme or the PTZs. In purified preparations under in vitro conditions, the 

calcium-dependent binding between PTZs and CaM is reversible (19). However, if 

irradiated with UV light or activated by hydrogen-peroxide-peroxydase, the 

binding of PTZs becomes irreversible. In either case, this complex cannot activate 

the CaM-sensitive form of enzymes.

The addition of PTZs to an enzyme that is already activated will reverse its 

activation. This inhibition cannot be reversed by adding more calcium or by adding 

more enzyme. Veigl et al have suggested that Ca++ and CaM are important 

regulators of cell growth and malignant transformation (19). CaM has been 

demonstrated to be involved in the regulation of several protein kinase/phosphatase 

systems, including myosin light-chain kinase, phosphorylase kinase, glycogen 

synthetase kinase, tubulin kinase, globin kinase, myelin kinase, protein I kinase, 

tryptophan and tyrosine hydroxylase-kinases and protein phophatases. CaM also 

regulates nucleotide metabolism via activation of phophodiesterase, adenylate 

cyclase and NAD kinase.
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CaM has also been demostrated to interact with several cytoskeletal components, 
including ATPase and spectrin.

Moreover, Veigl et al have also suggested, that CaM may have a specific 

function in initiation of DNA synthesis and cell division. Most studies have 

demonstrated a 1.2-5-fold increase in total CaM in tumor tissues versus normal or 

regenerating rat liver (19).

However, due to the low therapeutic index of the anticancer drugs available, 

several modifications in the chemical structure of the PTZs may be necessary in 

order to improve the efficiency of antitumor agents.
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1.2 AIMS

To find more potent pharmaceuticals, we decided to study the structure-activity 

relationship of PTZs and related compounds on cellular proliferation.

1.2.1.

In the systematic study, some minor modifications were introduced in the 

synthesis of new PTZs: the H atom on the PTZ ring at position 2 was changed to 

cloride (Cl) or trifluoromethyl (CF3).

1.2.2.

Our aims also were to mimic the combination therapy by further synthetizing new 

molecule in which two well known anticancer agents like dichloroethylamine and 

nitrosourea were linked to the PTZ ring through an alkyl bridge at position 10. 

1.2.3.

By modifying the length of the alkyl bridge (propyl or butyl) our aim was to gain 

agents with higher antiproliferative effect.
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1.3 MATERIALS AND METHODS

Compounds: can be divided into three groups.

The first group contains three PTZs substituted with H (R=H) (PTZ), Cl (R=C1) 

(chlorpromazine), or CF3 (R=CF3) on the second C atom (M830, M841, M864) 

(Figure 1).

In the second group PTZ derivatives were substituted with propyl-(n=3) or 

butyl-phthalimido group (n=4) at position 10 and with Cl or CF3 at carbon 2: 10- 

[n(phthalimido)alkyl]-2-substituted- ЮН-PTZs (M857, M861, M862, M863,

M865, M869) (Figure 2).

o

CH )n
2

Figure 2. The structure of 10-[n(phthalimido)alkyl]-10H- 

phenothiazines substituted at position 2

In the third group the chloroethyl-urea was connected to the PTZ ring by 1,3 

propylene-, or 1,4 butylene bridge at position 10. Substitution at position 2 with 

Cl or CF3 resulted in: l-(2-chloroethyl)-3-(2-substituted-10H-PTZ-10-yl)alkyl-l- 

ureas (M883, M887, M891, M896, M900, M914) (Figure 3) (12).

The compounds were dissolved in DMSO at a concentration of 2.0 mg/ml, and 

these solutions were further diluted in Eagle’s medium.



r-f'
NHCONH

CH )n
2

Figure 3. The structure of l-(2-chloroethyl)-3-(-10H-phenothiazine- 

10-yl)alkyl-l-urea substituted at position 2

Tissue culture: Human, epithelial cancer cells of the larynx (HEp2) were grown 

in Eagle's medium in monolayer (2).

Assay for antiproliferative effect: (2) Greiner 96-well flat bottom microtrays 

were used throughout the study. For diluting and distributing cells and reagents, 

an 8-channel pipette was used. HEp2 tumor cells were trypsinised, resuspended 

in the growth medium and inoculated into the microtrays at appropriate 

concentrations (5.000-8.000 cells/well). Eagle's medium was used for 

cultivation and the optimal cell number for the cell line had been determined in 

preliminary tests. Cells were allowed to attach and spread on the bottom of the 

wells for 6 hr. From 1 mg/ml to 3.125xl0'2 mg/ml dilutions of the derivatives 

were added to the wells (lxlO ’ml/well). Cell controls and medium controls 

were set up in each tray. Cell control wells received lxl0_1ml/well growth 

medium, and medium control wells had no cell suspension but 2х10_1т1 of 

growth medium. The total volume of the medium/well at this point was 2x10' 

'ml. The trays were incubated further at 37°C for 4 days after seeding the cells 

in a C02 incubator. At the end of the incubation period, the culture medium was 

discarded and the cells in the wells were fixed with 10% formalin (1x10' 

'ml/well) for 10 min, followed by staining with 0.25% crystal violet (1x10' 

’ml/well) for 30 min. The stained trays were rinsed with tap water and air dried. 

The inhibition of growth, as well as of the cytotoxic effects of the test samples,
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were determined when 1x10 ml of ethanol + 0.1% acetic acid were added to each 

well and the dissolved blue dye in each well was quantitated by measuring the 

optical density at 540 nm with Dynatech MR580 vertical beam spectrophotometer 

("ELISA reader").

The inhibition titer was calculated from 3 independent experiments and expressed 

as concentration required for 50% inhibition of proliferating cells (IC50) (20).
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1.4. RESULTS AND DISCUSSION

Among the new synthetic derivatives of PTZ M864, M869, M887, M891 and 

M900 were the most potent inhibitor on cell growth (Figures 4,5,6 and Table 1). 

1.4.1.

Comparing the new synthetic molecules to PTZ (M830, IC50:9.9xl0~2mg/ml) it 

was found that modifications, like the substitution of H with CF3 on the second 

C-atom of the PTZ ring (M864, IC50:2.35xl0'2mg/ml) greatly enhanced the 

antiproliferative effect (Figure 4). The derivative M841 with substitution of Cl 

showed decreased antitumor potency (IC50 31.25x10'2mg/ml).

40 31.25

. .■».;• V;3____
30

о
S
E

20-
ШШШ

9.9
и

10
2.35

M841 M8640
R=H R=CI R=CF3

Figure 4. IC50 values of H, Cl, or CF3 substituted phenothiazines
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Among the 2-substituted analogues of 10-[n-(phthalimido)alkyl]-10H-PTZ, Cl or 

CF3 replacements at position 2 had an inverse effect with the exception of M862 

(Figure 5). The mechanism by which these derivatives inhibit cell growth may 

be due the intercalation into DNA rather than their hydrophobic properties.

37.5

' _

35

5030

Z? 25S
el .
=

■v 15.62 20
v'. /
1/О NSÍÜU— 15

:■ ;V
■ ' j;■ •

5.75 5.7510 I
3.9

Ш ;;
gs>

M8S7 IM861 I M869 M862I M863 V M865
0

R=H, n=3 R=H, n=4 KC1. n=3 R=C1, n=4 R=CF3, n=3 R=CF3, n=4

Figure 5. IC50 values of 10-[n-(phthalimido)alkyl]-2-substituted-10H- 

phenothiazines

In all of the four 2-substituted analogues of 10-(2-chloroethyl)-3-(10H-PTZ-10- 

yl)alkyl-l-urea Cl or CF3 replacements increased the antiproliferative effect as 

compared to PTZ or M883, and M914 (Figure 6).
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0
R=H, п=3 R=CI, п=3R=H, п=4 R=CI,n=4 R=CF3, n=3

Figure 6. IC50 values of 10-(2-chloroethyl)-3-(2-substituted-10H-PTZ-10- 

yl)alkyl-l-ureas

1.4.2.

Connecting only the phtalimido group to the PTZ skeleton increased cell growth 

inhibitory effect (M861, M869) no matter how long was the alkyl bridge 

between the PTZ ring and the phtalimido group (Figure 5). This means that 

phtalimido group by itself can increase antiproliferative potency.

Connection of 2-chloroethyl to the PTZ ring also increased antitumor effect, but 

only in the case of M914, when a butylene bridge was used to connect the two 

molecules together. It is well known that the 2-chloroethyl group can be linked 

to the nitrogen or oxygen atoms of DNA (7,8). The antiproliferative effect of 

M914 may be due to intercalation into DNA.
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1.4.3.

Concerning the length of the alkyl bridge, compounds with increased activity 

against cellular proliferation possessed a four-carbon bridge rather than a three- 

carbon bridge.

Among the 10-[n-(phthalimido)alkyl]-2-substituted-10H-PTZs, the butylene 

derivative (M869, IC5o:3.9xlO'2mg/ml) which had a H on the second carbon atom 

of PTZ skeleton, showed the highest antiproliferative effect. Propylene derivatives 

with H (M861, IC5o:5.75xlO'2mg/ml) and with CF3 (M862, ICso:5.75 xl0'2mg/ml) 

on the second carbon atom showed similar effect to each other. The butylene 

derivative (M863, IC5o:15.6xlO'2mg/ml) with Cl at position 2 had moderate 

antiproliferative effect, weaker than PTZ alone.

Connecting only the chloroethyl-urea molecule to the PTZ ring through 

butylene bridge (M914) led to a 2.5-fold more effective agent then that of with 

propylene bridge (M883) (Figure 6). However, similar differences were not found 

in the case of propylene (M887, IC5o:3.15xlO'2mg/ml) and butylene derivatives 

(M891, IC5o:3.9xlO"2mg/ml) with Cl substitution at position 2, but the IC50 values 

of these compounds were among the lowest. This supports others data, that 

substitution with Cl increases the antiproliferative effect (11). Butylene derivatives 

with Cl (M891, IC5o:3.9xlO'2mg/ml) and with CF3 (M900, IC5o:3.9xlO'2mg/ml) at 

position 2 showed similar inhibition on cell growth. The butylene derivative with 

H (M914, IC5o:7.8xlO'2mg/ml), and the propylene derivative with CF3 on the 

second carbon atom (M896, IC5o:9.4xlO'2mg/ml) showed moderate effects. 

Compound with H at position 2 (M883, IC50:19.8xl0'2mg/ml) showed the weakest 

effect in this group (Figure 6). Among the CF3 substituted derivatives the molecule 

with butylene bridge (n=4, M900, IC5o:3.9xlO'2mg/ml) showed to be 2.4 times 

more effective than the propylene derivative (n=3, M896, ICso:9.4xlO'2mg/ml). 

Derivatives among the 10-(2-chloroethyl)-3-(2-H-substituted-10H-PTZ-10-yl)alkyl- 

1-ureas have shown promising antiproliferative effects. Apparently the length of 

the linker between the side chain nitrogen and the PTZ ring can not be ignored in 

the biological effect of the polysubstituted PTZs. The cause of the cell growth 

inhibition could also be related to the length of the side chain at these derivatives. 

The length of the alkyl side chain (1,3-propylene-, and 1,4-butylene-) and the fact 

that 2-chloroethyl group can be linked to the nitrogen or oxygen atoms of DNA
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(21), are supposed to affect the intercalation into DNA; while the substitution with 

H, Cl or CF3 probably affects the lipophilicity and the dipole moment of the PTZ 

framework. DMSO as a solvent material did not show significant antiproliferative 

effect (data not shown).

Our group has also presented that another PTZ derivative, 5H-benzo[a]- 

phenothiazine-5-one inhibited the expression of T antigen in adenovirus 12 

infected HEp2 cells in vitro (22). One of the mechanisms of cancer cells to develop 

resistance against anticancer drugs is increased expression of a normal gene (the 

MDR1 gene) surface glycoprotein. This transport molecule is involved in the 

accelerated efflux of many anticancer resistant cells. Different compounds are able 

to enhance drug retention in the cells by inhibiting the efflux-pump mechanism of 

mdr cancer cells. 5H-benzo[a]-PTZ-5-one was also tested on L5178Y mouse T-cell 

lymphoma and its mdr transformed subline and have found to reduce the efflux 

pump in mdr cells (22).

Administration of CaM antagonists, like PTZs decrease CaM content in 

tumor and transformed cells. Decreasing CaM in tumor cells, blocks the initiation 

of DNA and cell division Caused by CaM could be one of the answers how PTZs 

inhibit tumor proliferation.

By this time the alkylene-urea substituted PTZ derivatives have been further 

tested in vitro on AIDS-related lymphomas, and leukemias and found to affect the 

growth and inhibit the rate of these malignancies (23).

Although, further investigations are warranted to establish the clinical value 

of these findings, but our studies indicate that PTZ and related compounds are 

promising new agents in cancer chemotherapy as well as in mdr tumor therapy.
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Table 1. IC50 values of PTZs and related compounds on HEp2 cells

IC50 (x 10'2mg/ml)Compounds

Phenothiazines

M 830 9.90

31.25M 841

2.35M 864

10-[n(phthalimido)alkyl]2- 

substituted-1 OH-PTZs

M 861 5.75

M 869 3.90

M 857 37.50

M 863 15.60

M 862 5.75

M 865 25.00

1 -(2-Chloroethyl)-3-(2- 

substituted-10H-PTZ-10- 

yl)alkyl-l-ureas

M 883 19.80
M 914 7.80
M 887 3.15
M 891 3.90
M 896 9.40
M 900 3.90
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CONCLUSIONS

1. In this study we have confirmed that phenothiazine have 

antiproliferative effect on in vitro cell culture.

2. We have demonstrated that minor structural modification, like 

connecton of CF3 to the PTZ ring at position 2 increased antitumor 

potency.

3. We have demonstrated that by modifying the length of the alkyl 

bridge, compound with increased activity against cellular proliferation 

possessed a four-carbon bridge rather than a three-carbon bridge.

4. The structure-activity relationships suggest that the ideal 

phenothiazine structure for anticancer drug should have a hydrophobic 

nucleus with a -Cl or -CF3 ring substitution at position 2, connected 

by four-carbon alkyl bridge to chloroethyl-urea.
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THE ROLE OF HUMAN HERPESVIRUS 8 AND CYTOKINES IN KAPOSI’S 

SARCOMA AND ANGIOMATOUS SKIN TUMORS

2.1 BACKGROUND

Kaposi's sarcoma

In 1872 Móricz Kaposi, a Hungarian dermatologist, described five patients with blue- 

red cutaneous tumors that he named "idiopathic multiple pigmented sarcoma of the 

skin" (25), later designated Kaposi's sarcoma (KS).

The current epidemic of acquired immunodeficiency syndrome (AIDS) has 

renewed and intensified interest in this disease because KS is the most common AIDS 

related cancer. KS appears in four different forms: classic KS is predominantly a skin 

disease of the legs, although lymph node and visceral involvements may occur. It is 

rare and chronic, and affects mostly elderly men in the Mediterranean region and 

Eastern Europe. Endemic KS is more aggressive and is common in Equatorial Africa, 

present in one of four clinically distinct patterns: (a) benign nodular cutaneous 

disease mimicking classic KS; (b) aggressive localized cutaneous disease invading 

soft tissue and bone; (c) florid mucocutaneous and visceral disease; (d) 

lymphadenopathic disease, rapidly disseminating to lymph nodes and visceral organs, 

usually in the absence of cutaneous lesions. Iatrogenic KS is primarily a cutaneous 

complication of immunosuppressive drug therapy. It is one of the most common 

neoplasms in HIV negative organ transplant patients. Epidemic or AIDS-associated 

KS is the most aggressive form, it has cutaneous, mucocutaneous and visceral 

manifestations. KS in persons with AIDS is 20,000 times more frequent than in the 

general population, and 10 times more common in homosexual or bisexual men than 

in other men with AIDS. Although the pathogenesis of KS is not known, Kaposi’s 

sarcoma-associated herpesvirus (KSHV also referred to as HHV-8, human 

herpesvirus-8) DNA has been detected in all forms of the tumors (26,27,28) 

suggesting that this virus might be involved.
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HHV8 in human pathology

In 1994 a new virus, called Kaposi's sarcoma-associated herpesvirus was discovered 

by a novel molecular approach, representational difference analysis. By comparing 

DNA sequences in KS lesions from HIV-infected patients with those of normal skin 

Yuan Chang, a molecular biologist, Patrick Moore, an epidemiologist, and their 

colleagues have identified unique DNA sequences that were homologous to the 

oncogenic, lymphotropic herpesviruses Epstein-Barr virus (EBV) and Herpesvirus 

saimiri (HSV) (29). Later herpesvirus-like sequences were detected in all forms of 

KS, i.e., AIDS KS, classic Mediterranean KS, African endemic KS, posttransplant 

KS, and in different histological stages (fully developed nodular KS, early 

patch/plaque stage KS) of the tumors (30-34). An association of KSHV with a number 

of other diseases has also been suggested but could not be confirmed by others. 

Among these are cutaneous squamous cell carcinoma, frequently found in 

immunosuppressed transplant recipients (35), sarcoidosis (36,37), multiple myeloma 

or benign monoclonal gammopathy (38-40), cutaneous T cell lymphoma (41,42), HIV 

negative pemphigus vulgaris (43), bullous pemphigoid (44), angiosarcoma of the face 

(29,45-47), and angiolymphoid hyperplasia with eosinophilia (48). KSHV sequences 

have also been detected in HIV positive and negative cases of a rare form of B-cell 

lymphomas in the abdominal cavity (body cavity based lymphoma-BCBL) (49), 

recently renamed primary effusion lymphoma (PEL) (50) and in multicentric 

Castleman's disease (MCD), a polyclonal lymphoid proliferation with vascular 

hyperplasia (51). Since KSHV belongs to the Herpesviridae family, and the detection 

of the viral DNA sequences in tumors other than KS questioned its specific 

association with KS, in 1995 it was renamed to the eight type of human herpesvirus 

(HHV 8) (52).

Characterization of human herpesvirus 8

Analysis of conserved herpesvirus genes shows that HHV8 belongs to the gamma 

herpesvirus subfamily in the genus Rhadinovirus. Herpesviruses are large, DNA- 

containing viruses establish latent infections for lifetime of the host. The genomes, 

100-250 kb (53,54), persist extrachromosomally in latently infected cells as 

covalently closed circles. The herpesvirus family consists of more than one hundred
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different viruses. Members of the family Herpesviridae share the following common 

features in the architecture of the virion: a/ linear double stranded DNA-containing 

core; Ы icosadeltahedral capsid (with a diameter of 100-100 nm) consisting of 12 

penta- and 150 hexameric capsomeres; с/ amorphous, asymmetrical material 

surrounding the capsid designated as the tegument; d/ the outer membrane, called the 

envelope, with viral glycoproteins. The family Herpesviridae is classified into 3 

subfamilies: Alpha-, Beta- and Gammaherpesvirinae, based on the evidence that 

herpesviruses vary greatly in their biologic characteristics. Gammaherpesvirinae 

subfamily replicate in vitro in lymphoblastoid cells and some may cause lytic 

infection in cells of epitheloid and fibroblastic origin, there is clear, but not 100% 

tendency for their T or В lymphocyte-specificity. EBV is a T-lymphocyte-specific 

virus, HHV8 is the firstly described B-lymphotropic Gammaherpesvirus (55).

The genome of HHV8 contains the expected open reading frames (orfs) encoding for 

enzymes and viral structural proteins found in other herpesviruses, but it also 

contains an unprecedented number of orfs pirated during viral evolution from cellular 

genes. These include proteins that may alter cellular growth (e.g., Bcl-2 and cyclin 

homologues), induce angiogenesis (e.g., chemokine, chemokine receptor, and 

cytokine homologues), and regulate antiviral immunity (e.g., CD21 and interferon 

regulatory factor homologues) (56).

Subtypes of HHV8

This virus occurs in several variants, defined on the basis of sequence variability at 

the left end of the viral genome (all other part of the viral genome are highly 

conserved). At the left genomic end, the first viral gene, orf K1 is highly variable 

(14%-35% protein sequence difference) and phylogenetic analysis based on this 

region reliably distinguishes four major HHV8 "subtypes". Variability in orf K1 

appears to be driven by selective pressure in that there is a consistently high ratio of 

nonsynonymous to synonymous nucleotide changes throughout the entire K1 region. 

Three of these four subtypes have also been defined on the basis of the minimal 

sequence variations in orfs 26 and 75. Comparison of sequence variants in the orf 

26/75 region had suggested that variant "A" may predominate in classic KS, variants 

"B" and "C" are possibly more common in Africa, and among patients with

lymphoproliferative disease. All three had been found among AIDS KS patients in the
/л*
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USA and in the UK. In Europe, subgroups A and C are found most frequently in AIDS 

KS, HIV-negative classic KS and HIV-uninfected individuals (57,58).

The seroprevalence of HHV8 in different geographic regions

In the numerous countries where the seroprevalence of this virus has been studied, 

data demonstrate that the virus is not ubiquitous in general healthy human population 

as is the case with other human herpesviruses. Many seroprevalence studies to detect 

antibodies to HHV-8 lytic and latent antigens have now been conducted using a 

variety of immunologic techniques. While these assays are not in total agreement and 

may overstate or understate the positivity of sera in the general population, they all 

show similar general antibody trends. For general populations the seroprevalence in 

sub-Saharan Africa is the highest, approximately 40% positive; in Mediterranean 

countries the seroprevalence is approximately 10%; whereas northern European, 

south-east Asian, and Caribbean countries have seroprevalence rates in the 2-4% 

range. In the United States the seroprevalence is in the range of 5-20%. In children in 

North America and Africa from 2% to 8% prevalence has been found (59). In people 

with KS whether AIDS associated, classical, or endemic and other HHV-8 associated 

diseases such as multicentric Castleman's disease and certain body cavity lymphomas 

(BCL), the seroprevalency rates are >90%. In populations with HIV-1 infection but 

no diagnosis of KS, the seroprevalency rates are elevated (20-50%) above those in the 

general population except in south-east Asia and the Caribbean where no AIDS 

associated KS has been reported (60). Among US intravenous drug users the 

seroprevalence is 23% of HIV-seropositive drug users and 21% of HIV-seropositive 

women were positive for HHV8 antibody. HHV8 seroprevalence in patients with 

haemophilia has been found to resemble that found in the general population (5%) 

(61). Juhász et al have presented that 1.56% (17/1089) of the Hungarian adult 

population and 100% (12/12) of the KS patients had serum antibodies to HHV8 latent 

nuclear antigens (62).

Seroconversion to HHV8 antibody positivity has also been demonstrated to occur 

among a group of homosexual men with HIV infections up to 93 months prior to their 

' development of KS (63).
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Mode of transmission

The four distinct clinical and epidemiological variants of KS may differ in their 

modes of transmission and pathogenesis. Among homosexual men with HIV-1 

infection, the tumor seems to result from sexual transmission of HHV8 (64,65). The 

high frequency of KS among adults of both sexes in Africa is consistent with 

heterosexual transmission of this virus, however, since KS also occurs in African 

children, there are likely to be a transmission from mother to child (66). The 

occurrence of classic KS in elderly men of Eastern European or Mediterranean origin 

is not consistent with the hypothesis that development of KS is associated with 

primary infection with the etiologic agent, rather, reactivation of a latent virus is 

more likely. The development of KS following renal transplantation could be 

explained by an opportunistic de novo infection or reactivation of a latent agent (66).

The role of cytokines in Kaposi's sarcoma

All forms of KSs are characterized by spindle cell proliferation, angiogenesis, 

inflammatory cell infiltration, and oedema. The very early stage of KS resembles an 

inflammatory-granulation type reaction which is characterized by endothelial cell 

activation and proliferation and inflammatory cell infiltration that preceeds the 

appearance of the typical spindle-cell shaped cells.

Several lines of evidence indicate that, at least in early stages, KS is a cytokine- 

mediated disease. Basic fibroblast growth factor (bFGF), a potent angiogenic factor, 

is highly expressed by KS spindle cells in vivo (67,68). AIDS-associated KS cell 

lines express higher levels of vascular endothelial growth factor/vascular 

permeability factor (VEGF/VGF) than either human umbilical vein endothelial cells 

(HUVECs) or human aortic smooth muscle cells (69). VEGF is the leading candidate 

for an endogenous mediator of angiogenesis (70). It has been shown to be a specific 

endothelial cell mitogen in vitro, (71) as well as in vivo. This cytokine enhances 

endothelial cell migration, increases microvascular permeability. It has recently been 

postulated as a major angiogenic and growth factor in KS (72). Five human VEGF 

mRNA species encoding VEGF isoforms of 121,145,165,189, and 206 amino acids 

(VEGF121-206) are produced by alternative splicing of the VEGF mRNA. An important
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biological property that distinguishes the different VEGF isoforms is their heparin 

and heparan-sulfate binding ability. VEGF121 and VEGF145 can not, while VEGF165, 

VEGF186, and VEGF206 can bind to heparin and heparan-sulfates. The three secreted 

spliced forms VEGF121, VEGF145, and VEGF165 induce proliferation of endothelial 

cells and in vivo angiogenesis. When expression of spliced variants was examined, it 

was found that most cell types produced several VEGF variants simultaneously (73). 

There are three specific VEGF receptors, all of them are protein kinases. VEGF 

receptor 1 (VEGF-R1), originally named Fit-1, and VEGF receptor-2, (VEGF-R2), 

also known as Flk-1 and KDR, are structurally related to each other (74). VEGF 

receptor 3 (flt-4) is restricted to lymphatic endothelial cells in adult human tissues 

(75,76). In HHV8-infected HUVECs VEGF receptor 2 expression was found to be 

upregulated in vitro causing these cells to respond to VEGF, suggesting that HHV8 

uses a paracrine mechanism to enable endothelial cells to proliferate beyond their 

natural lifespan (77). Interleukin-1 (IL-1), tumour necrosis factor-alpha (TNF-a), 

gamma interferon (y-IFN), transforming growth factor-beta (TGF-ß), platelet factor 4 

(PF4), interleukin-4 (IL-4) have been shown to modulate interleukin-6 (IL-6) and to 

have effects on the rate of proliferation of cultured AIDS-associated KS cells. 

Oncostatin M also increases the expression of IL-6 in cultured human endothelial 

cells (78). IL-6 is a multi-functional cytokine and plays a central role as a 

differentiation and growth factor on several cell types, including endothelial cells. 

Disorders with hyperproliferative reaction have a relative oxygen deprivation, as the 

need for oxygen and nutrients are increased. Yan et al have demonstrated that 

hypoxia induced expression of IL-6 on endothelial cells. This reaction is part of the 

cellular adaptive response to oxygen deprivation (79). Hypoxia-mediated suppression 

of endothelial cell barrier function, resulting in increased vascular leakage, is likely 

to contribute to oedema. HHV8 encodes viral IL-6 (vIL-6), which is structurally 

homologous to human and murine IL-6. Viral IL-6 has been found to promote 

hematopoiesis, plasmocytosis, and to stimulate indirectly, via VEGF, angiogenesis in 

mice. Through these functions, vIL-6 may play an important role in the pathogenesis 

of certain HHV8 associated disorders (80,81).

HHV8 orf 74 shows some homology to multiple mammalian G protein-coupled 

receptors (GCRs), with the highest to interleukin-8 (IL-8) receptors (82). Interleukin- 

8 (IL-8) is a potent angiogenic factor. A variety of cells, including endothelial cells,
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keratinocytes, fibroblasts, T lymphocytes, and monocytes, have been demonstrated to 

be the sources of IL-8 (83). IL-8 have binding sites on endothelial cells in human 

skin (84).

Interleukin-10 (IL-10) is known to be a negative modulator of inflammatory 

processes. Howard et al have indicated that endogenously produced IL-10 normally 

suppresses the production of IL-6, IL-8 in monocytes/macrophages (85). Michel et al 

have reported the presence of IL-10R on human epidermal cells, and normal skin 

constitutively binds IL-10 (86). IL-10 is known to inhibit the release of VEGF (73). 

Inflammatory cytokines present in KS lesions or produced by activated peripheral 

blood mononuclear cells (PBMCs) and T cells induce normal endothelial cells, 

potential progenitors of the KS spindle cells, to acquire the features of the KS cell 

phenotype. Herpesviruses can, in fact, induce immune cell infiltration and 

inflammatory cytokine production in host tissues, and this may represent the 

triggering event of the virus. Although HHV8 infection is necessary for the 

development of KS but recent data suggest that, at least in early stages, KS is a 

cytokine-mediated disease promoted by the cooperation of the viral or virus-induced 

human inflammatory cytokines, and angiogenic factors.
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2.2 AIMS OF THE PRESENT STUDY

2.2.1 Detection of HHV8 in different skin lesions of vascular origin

2.2.1.1. Detection of HHV8 in lesions and PBMCs from patients with classic KS

2.2.1.2. Detection of HHV8 in active and regressed iatrogenic KS specimens 

Does HHV8 persist in regressed iatrogenic Kaposi's sarcoma?

Iatrogenic Kaposi’s sarcoma appears in patients treated with immunosuppressive 

drugs. Our aim was to follow up the presence of HHV8 in a renal transplant patient 

who has developed Kaposi's sarcoma lesions during immunosuppressive therapy. 

After rejection of the transplanted kidney, immunosuppression was withdrawn and the 

patient’s tumors regressed almost completely, but small residual lesions were present. 

We have investigated the HHV8 DNA in, histologically confirmed, active and 

regressed KS lesions, because no studies have addressed whether HHV8 DNA 

positivity persists in regressed KS specimens of solid organ transplant patients.

2.2.1.3. Detection of HHV8 in Pseudo-Kaposi’s sarcoma (PKS)

Can HHV8 be a differential diagnostic marker between KS and PKS? 

Acroangiodermatitis or PKS is a benign disease, which closely mimics KS but 

remains confined to the skin. Histologically, it shows proliferation of capillaries, 

erythrocyte extravasation with heavy haemosiderin deposits in the dermis, and an 

infiltrate of variable density consisting of mononuclears and fibroblasts. Congenital 

or acquired vascular malformations have been found to play a role in its aetiology. 

Because of the differences in aetiology and clinical behaviour, the two diseases 

require different modes of treatment. A distinction between KS and PKS is therefore 

important not only theoretically, but also clinically. Our aim was to examine whether 

the presence or absence of HHV8 DNA in PKS can be utilized as a new diagnostic 

marker to differentiate between KS and PKS.
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2.2.1.4. Detection of HHV8 in vascular skin tumors other than KS

Is HHV8 present in skin lesions of vascular origin other than KS?

Jin et al have reported fifteen, Serfling et al two HHV8 negative cases of 

angiosarcoma, though Koizumi et al and Gyulai et al have detected HHV8 DNA in a 

patient with angiosarcoma (49,87,47,48). Gyulai et al have also published that 3 cases 

of angiolymphoid hyperplasia with eosinophilia (ALHE) containing HHV8 DNA by 

PCR (50). Since these contradictory data have been published we decided to 

investigate further this viral DNA in disorders of vascular origin, particularly in 

angiosarcoma of the face, and in ALHE.

2.2.2. Detection of different cytokines in Kaposi's sarcoma

Recent data support the hypothesis, that, at least in early stages, KS is a cytokine- 

mediated disease (72). Therefore we have decided to investigate the expression of 

cytokines and their receptors

2.2.2.1. with angiogenic properties (IL-8, VEGF),

2.2.2.2. with capacity to permeabilize the microvasculature (IL-6, VEGF),

2.2.2.3. and a cytokine with a negative effect on inflammation (IL-10) on KS 

specimens.
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2.3 MATERIALS AND METHODS

2.3.1. Detection of HHV8 in skin disorders of vascular origin

Tissue collection

Fresh frozen or paraffin-embedded tissue sections from patients with benign and 

malignant endothel proliferative lesions were collected. PBMCs were also tested from 

two patients with classic KS. Benign disorders included one papillary endothelial 

hyperplasia (also called Masson tumor), four angiolymphoid hyperplasia with 

eosinophilia (three skin lesions and one kidney sample), five arteriovenous 

haemangiomas, eight capillary haemangiomas, six cavernous haemangiomas, six 

pyogen granulomas, five angiokeratomas, seven acroangiodermatitis (also called 

pseudo-KS), one circumscribed lymphangioma, and one haemangioperycitoma. 

Malignant endothel proliferative lesions included twenty five classic Kaposi's 

sarcoma, two iatrogenic KS, and three angiosarcoma of the face. The iatrogenic KS 

samples were collected under immunosuppressive treatment when active KS lesions 

developed and without immunosuppression when KS lesions regressed. This patient 

has undergone renal transplantation. In all cases the diagnosis was set up based on 

the clinical picture, laboratory parameters, and confirmed by histopathological 

examination, and in some cases immunohistochemical examinations for factor VIII, 

Ulex europaeus, and CD34 antigen expression was also carried out. All patients were 

HIV negative and none of them received immunosuppressive treatment, except the 

patient with iatrogenic KS.

DNA extraction

Venous blood (5-10mL) was collected in ethyleneaminetetraacetic acid (EDTA)- 

treated collection tubes and mononuclear cells were prepared with lymphocytes 

separation medium (Ficoll-Hypaque) followed by gradient centrifugation. DNA was 

extracted by TRIzol reagent (Bibco BRL) according to the manufacturer’s directions. 

Fresh frozen tissues had been melted and frozen three times and followed by 

proteinase К digestion (see below). Paraffin embedded tissue sections were 

deparaffinized by incubating the sections twice with 1 mL xylene for 15 min at 55°C, 

followed by two extractions with ethanol. Samples were resuspended and incubated in



28

100 pL of digestion buffer (50mmol/L Tris-HCl, [pH:8.5]; 1 mmol/L EDTA, 0.5% 

Tween 20, lOmg/mL proteinase-K) at 55°C for 3 hours. Proteinase К was inactivated 

by placing the samples into boiling water for 10 minutes. (88). After centrifugation 

supernatants were collected and resuspended in sterile destilled water. DNA 

concentration was measured photometrically at 260 nm. Extracted DNAs were stored 

at -20°C until processed.

PCR amplification for KS33Ü233

PCR analysis of DNA samples were carried out by using primers KS1 (5'- 

AGCCGAAAGGATTCCACCAC-3') and KS2 (5 '-TCCGTGTTGTCTACGTCCAG-3') 

specific for this virus, which amplifies a 233bp sequence designated the KS330Bam 

fragment, as described by Chang et al (29). The PCR conditions were as follows: 

94°C for 1 min, followed by 35 cycles at 94°C for 1 min, 55°C for 2 min and 72°C 

for 1 min. Reactions were terminated by a 7-min extension at 72°C. PCR products 

were analysed by electrophoresis in 2% agarose gels and ethidium bromide staining. 

The human ß-globin gene was also amplified simultaneously verifying the presence of 

PCR-competent DNA in each extracted sample. ß-Globin primers (5'- 

ACACAACTGTGTTCACTAGC-3') and (5'-CAACTTCATCCACGTTCACC-3') were 

used throughout the study.

Cloning and sequencing of the PCR products

Amplification products from one HHV8 positive KS, and one angiosarcoma of the 

face were subjected to agarose gel electrophoresis, followed by recovery and 

purification of the product. PCR-amplified DNA was cloned into pKS vector and then 

sequenced with a Taq DyeDeoxy Terminator Cycle Sequencing method with an 

automated DNA sequencer (89).
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2.3.2. Investigation of cytokines in KS

Immunohistochemical determination of cytokines

Fresh frozen and paraffin embedded tissue sections from patients with histological 

diagnosis of KS, and normal skin were stained with anti-human VEGF (corresponds 

to amino acids 1-140 of VEGF of human origin), anti-human VEGF-R1, anti-human 

VEGF-R2 (Santa Cruz Biotechnology, Inc., USA), anti-human IL6, anti-human IL6-R 

were obtained in purified form as a kind gift of Dr. András Falus (ELTE, Dept, of 

Immunology, Göd) anti-human IL8, anti-human IL8-RA (Pharmingen, USA), anti

human ILIO, anti-human IL10-R (R&D System, USA).

Frozen sections were airdried and fixed 10 min with acetone. Paraffin embedded 

sections 7-8 pm thick were mounted on glass slides were coated with gelatin, 

deparrafinized by exposure to xylene and alcohol rinses. After washing the slides 

2xl0min with TBS (50mM Tris-HCl, pH 7.4, 150mM NaCl), the tissue sections were 

incubated 0,5% bovine serum albumine (BSA) in TBST (TBS+0.1% triton-X 100) for 

60 min to avoid non-specific binding. Sections were then washed and incubated with 

the primary antibodies (rabbit or goat or mouse mono-or polyclonal antibodies) 

overnight at room 4°C, at a dilution of 1:1000-1:6000. The slides were then washed 

2x10 min in TBST and a subsequent incubation for 60 min in biotinylated anti-mouse, 

anti-goat, anti-rabbit serum was followed by a 60 min streptavidin-biotin complex. 

After washing 2xl0min in TBS the peroxidase activity was developed with 3-amino- 

9-ethylcarbazole as chromogen for 10 min at 37°C in dark. Slides were washed in tap 

water and were counterstained with Mayer's hematoxylin (frozen sections for 30 sec, 

paraffin embedded tissues for 3-5 min) Negative controls were performed by omitting 

the primary antibody or the slides received isotypic control.
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2.4 RESULTS

2.4.1 Detection of HHV8 in skin disorders of vascular origin

2.4.1.1. Presence of HHV8 in classic Kaposi's sarcoma

We retrospectively examined HHV8 DNA in 25 classic paraffin embedded and 

fresh frozen Kaposi's sarcoma skin specimens. The samples were investigated by 

PCR using primers specific for this virus, which amplifies a 233bp sequence. All 

of the 25 skin specimens were found to contain the human herpesvirus 8 (Figure 8 

shows a representation of four KS cases).

Figure 8: Agarose gel electrophoresis 

of PCR amplification of 4 KS- 

derived DNA samples using the 

KS330233 primers; lane 1: positive 

control (previously cloned and 

sequenced 233bp fragment of 

HHV8), lanes 3,5,7 and 9: KS. (all 

KS samples exhibited detectable 

HHV8 DNA), lane M: molecular 

marker, lane 11: negative control, 

lanes 2,4,6,8 and 10 did not contain 

anything.

HHV8 has been analyzed from PBMC from the two cases of classic KS. We failed 

to detect the specific 233 bp band, although the beta-globin has been found to be 

present, verifying the integrity of extracted DNA (Figure 9).
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M 1 2 3 4 5 6 Figure 9: Agarose gel electrophoresis of 

PCR amplification of HHV8 (233 bp) and 

the human beta-globin gene (268 bp) from 

PBMC from patient with KS. Lane M: 1 kb 

molecular marker, lane 1: beta globin 

positive control (HaCat cell), lane 2: HHV8 

positive control (BCBL-1 cell), lane 3: 

presence of beta globin in PBMC, lane 4: 

absence of HHV8 form PBMC, lane 5: beta 

globin negative control (water), lane 6: 

HHV8 negative control (water)

268bp
233bp

In classic, endemic, AIDS-associated Kaposi's sarcoma some nucleic acid 

alterations have been published, indicating polymorphism of HHV8 DNA. To 

determine whether the same HHV8 nucleic acid sequences are present in one of 

our patients with classic Kaposi's sarcoma, HHV8 positive Kaposi's sarcoma PCR 

product were cloned into pKS vector, and direct sequenced by DyeDeoxy 

sequencing. Then the obtained sequence data was compared with the prototypic 

sequence originally derived from a genomic library made from Kaposi's sarcoma 

lesion. The sequence analysis revealed nucleic acid changes in the cloned KS330 

Bam fragment. The sequences differed from the prototypic sequences in two 

positions: at position 1033 (cytosine to timidine), and at position 1197 (guanine to 

cytosine). The high degree of conservation among our PCR product and those of 

described in the literature suggest that the same virus is present in our case as had 

been previously found in different forms of Kaposi's sarcoma.
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2.4.1.2. The persistent presence of HHV8 in iatrogenic Kaposi's sarcoma 

To determine HHV8 DNA in a patient with immunosuppressive therapy, active 

lesional KS tissue and regressed KS specimen (after withdrawal of 

immunosuppressive treatment) were investigated. Paraffin embedded tissue 

sections were analyzed by PCR using primers specific for the HHV8. Specific 

sequences were detected not only in the active, but in the histologically confirmed 

regressed lesion, also (Figure 10).

M 1 2 3 4
Figure 10: Detection of HHV8 DNA 

sequences (KS33 0233) in active and regressed 

iatrogenic Kaposi’s sarcoma skin by PCR. 

Lane M: 1Kb molecular marker; lane 1: 

HHV8 positive control (BCBL-1 cells); lane 

2: HHV8 in active KS skm; lane 3: HHV8 in 

regressed KS skin; lane 5: negative control 

(water).

V. . • '

233 bp

2.4.1.3. The absence of HHV8 in PKS

To determine HHV8 in PKS, we retrospectively analysed 7 paraffin embedded skin 

specimens from patients with histologically confirmed PKS by PCR with primers 

specific for the KS330233 fragment of this virus. There was no detectable HHV8 

DNA in any of the 7 samples from patients with PKS (Figure 11), but consistent 

human beta-globin positivity was found in each specimen, confirming the integrity 

of the extracted DNA (Figure 12).
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Figure 12: PKS positivity for 

housekeeping gene amplification 

(268 bp). Lane M: 1Kb molecular 

marker, lane 1: positive control 

(HaCat cells), lanes: 3-9: presence 

of beta globin, 11: negative 

control (water), lanes 2,10 did not 

contain anything

Figure 11: Detection of HHV8 DNA 

(КБЗЗОгзз) sequences from patients with 

PKS. Lane M: 1 Kb molecular marker, 

lane 1: positive control (previously 

cloned and sequenced 233bp fragment of 

HHV8), lanes 3-9: absence of HHV8, 

lane 11: negative control (water), lanes 

2,10 did not contain anything

2.4.1.4. Detection of HHV8 in lesions of vascular tumors other than Kaposi's

sarcoma

To determine the presence or absence of HHV8 in non-KS vascular lesions, a 

group of 49 histologically confirmed vascular origin skin lesions were collected 

(see Materials and Methods). Specific primers for the KS330233 fragment of this 

virus were used to detect any viral DNA in these samples. Of the malignant 

vascular diseases all the three skin samples of the patients with angiosarcoma of 

the face showed HHV8 positivity (Figure 13 shows a representation of one case of 

angiosarcoma of the face). Sequence analysis was also carried out from one of the 

HHV8 positive skin lesions and revealed that it was nearly identical to the 

originally described sequence in KS: it differed only in two cytosine to timidine 

substitutions at the positions 1033 and 1168, coding for proline-to-leucine and 

valine-to-methionine amino acid substitutions. The rest of the investigated 

samples turned out to be HHV8 DNA negative. All investigated specimens
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amplified the human beta globin gene, verifying the presence of PCR competent 

DNA. Figure 13: Detection of HHV8 DNA 

(KS330233) sequences from a patient 

with angiosarcoma. Lane M: 1 Kb 

molecular marker, lane 1: negative 

control for HHV8 (water), lane 2: 

HHV8 in angiosarcoma, lane 3: 

positive control (patient with KS), 

lane 4: absence of HHV8 DNA in a 

patient with basal cell cancer

2.4.2. Detection of cytokines in Kaposi's sarcoma

To study the expression of different cytokines in KS skin samples, using mono- or 

polyclonal antibodies а^шм íjb-ü 

RI, VEGF-R2, immunohistochemical stainings were carried out on fresh frozen 

and paraffin embedded tissue sections. Negative controls were performed by 

omitting the primary antibody or the slides received isotypic control (data not 

shown).

, I1.6R, 11.0, ii.gR, IL10, IL10R, VEGF, VEGF-

2.4.2.1. Detection of cytokines with angiogenic properties in KS

IL-8 and IL-8RA showed consistent endothelial positive staining in normal and in

KS skin samples with a slight increase in KS specimens (Figure 14).

* •«

Figure 14: Detection of IL-8R in normal and KS dermis. Endothelial cells in 

dermal vessels of normal skin show positivity for IL-8RA (A; magnification, x40,). 

IL-8RA showed higher level of expression in vascular endothelial cells of KS 

sections (B; magnification x40)
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VEGF showed epidermal (upper, middle more than basal) hair follicule, capillary 

endothelium positive staining in normal skin. Immunostaining for VEGF was 

observed in the endothelial cells of microvessels in all samples, but no other 

VEGF reactivity was detected in the cells of histologically normal dermis. In KS 

sections the amount of VEGF protein was increased both in the epidermis and the 

dermis, mainly among KS spindle cells (Figure 15). Tumor cells in KS strongly 

expressed VEGF-R2 (Figure 16), but not VEGF-R1. Comparing VEGF-R1 staining 

to normal skin KS tissue showed VEGF-R1 downregulation (Figure 17).

Figure 15: Detection of VEGF protein in normal skin and KS tissue. VEGF showed 

staining with a stronger upper than the basal epidermal staining in normal skin (A; 

magnification,x20). VEGF is strongly expressed in the epidermis and dermis in KS 

section (B; magnification,x20). An icreased staining was observed in endothelial 

cells at new vessel formations and in spindle-shaped cells (C; magnification,x40).
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Figure 16: KS tumor cells strongly expressed VEGF-R2. VEGF-R2 expression in 

normal dermis (A; magnification,x40); VEGF-R2 upregulation was found in KS 

epidermis (B; magnification,x40), in KS spindle-shaped cells and in dermal 

vascular endothelial cells (C; magnification, x40). The strong VEGF-R2 staining 

in KS tumor cells can be easily seen comparing to the unlesional skin next to it 

(D; magnification, x20).

;

Figure 17: VEGF-R1 is down-regulated in KS vascular endothelial cells. 

Endothelial cells in normal dermis express VEGF-R1 stronger (A; 

magnification,x40) than in vessels of KS (B; magnification,x40).

2.4.2.2. Detection of cytokines with capacity to permeabilize the microvasculature 

IL-6 was detected in normal epidermis with two patterns of cellular localization: 

cytoplasmic and cell membrane staining (Figure 18). The membrane staining was 

present in the squamous and basal cell layers; the cytoplasmic immunostaining
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was detected in the upper squamous layer and in the granular cell layer. In the 

histologically normal dermis IL-6R showed endothelial localization (Figure 18). 

No other part of the dermis showed positive staining for the receptor. All viable 

cell layers in the epidermis from KS showed a marked increase in the amounts of 

IL-6. In endothelial cells in KS, we were unable to detect IL-6 in or around the 

vascular cells of the tumor. We failed to detect specific IL-6 or IL-6R staining in 

KS spindle cells (data not shown). (VEGF see above).

A

' \ ■■
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Figure 18: IL-6 protein is up-regulated in KS epidermis. All viable cell layers in 

epidermis from KS showed a marked increase in the amount of IL-6 protein (A; 

magnification, x40) comparing to normal epidermis (B; magnification, x40). IL-6R 

staining was detected in 

magnification, x40).

vascular endothelial cells of normal skin (C;
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2.4.2.3. Detection ofIL-10, a cytokine with a negative effect on inflammation 

We failed to detect any IL-10 protein in normal, and in KS sections. IL-10R 

showed a consistent positive staining in normal, and in KS skin along the dermo- 

epidermal junction. Although, it is known that keratinocytes have IL-10R, but this 

kind of staining has not yet been reported (Figure 19).

' 4■©* 4' «ЯВ

Figure 19: IL-10R is strongly expressed along the dermo-epidermal junction in KS 

(original magnification was x 40).
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2.5. DISCUSSION

It has been hypothized that HHV8 may play a role in the development of KS, but 

the causal relation between the disease and the HHV8 infection has not been 

established, and a possible mechanistic basis for the pathogenesis has not been 

proposed. During this work we have also supported the presence of HHV8 DNA in 

classic KS skin specimens. Sequence analysis of the cloned PCR product revealed 

only several nucleic acid variations, suggesting that the virus is highly 

conservative (at least within the the sequence range analysed) and our detected 

viral DNA is identical with the one that Chang et al have originally described (29). 

HHV8 DNA has been analyzed in PBMC of two cases of classic KS. We failed to 

detect virus specific DNA in both cases, but beta-globin has been found to be 

present verifying DNA integrity. In almost half of the analyzed KS cases (48%) 

Whitby et al have also failed to detect HHV8 in PBMC (90). They have concluded 

that HHV8 is easier to detect in individuals with low CD4 counts, and the number 

of HHV8 infected cells are under immunological control. In our two cases no CD4 

count was measured. In 1973, Dobozy et al have described that dysfunction of the 

humoral and cellular immune system has a close correlation with the appearance of 

classic form of KS (91). Harrington et al have also investigated HHV8 in PBMC of 

patients with KS and have concluded that negative PCR results from plasma or 

PBMC at other time points indicate that HHV8 may also go through periods of 

latency, when it is extremely difficult to detect by PCR (92).

The persistent presence of this viral DNA in the skin sample of a 

patient with iatrogenic KS has not yet been investigated in other laboratories. In 

our case KS appeared after kidney transplantation and the initiation of 

immunosuppressive therapy. The tumors underwent almost complete regression 

after the allograft kidney rejection when the immunosuppressive drugs were 

discontinued, but the HHV8 viral DNA continued to be detectable. In the case of 

organ transplant-associated KS two cofactors might be important in the 

pathomechanism: the drug induced immunodeficiency; and the graft induced 

chronic production of inflammatory cytokines. Under immune suppressive 

treatment the compromised immune host may not be able to control the 

lymphotropic virus. Supposedly, the virus activates certain cytokine pathways,

which leads to inflammation and angiogenesis, but not necessarily malignant
/ 4%
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transformation. When the immune system is restored, the virus becomes 

suppressed, the angiogenetic inflammation stops and the tumors regress. We have 

detected supposedly the latent virus, although we can not exclude PCR 

contamination. Our data supports the primary role of immunosuppression in the 

development of KS.

The absence of HHV8 DNA in almost all investigated benign and malignant 

vascular skin tumors agrees with other authors data. The differential diagnosis of 

classic KS and PKS or acro-angiodermatitis of the feet is sometimes difficult, both 

clinically and also histologically. Our results suggest that the presence of HHV8 

sequences in KS and the absence of this viral DNA in PKS can serve as a new 

differential diagnostic marker.

Although the PCR reaction was negative for HHV8 DNA in almost all non-KS 

vascular skin tumors, positive results were detected in all of the three investigated 

samples of angiosarcoma of the face. Sequence analysis of the HHV8 fragment 

revealed that it was nearly identical to the originally described sequence in KS. 

There is contradiction in the literature concerning the presence of HHV8 in 

angiosarcomas, cases have been reported to be devoid this viral DNA. (29,47). 

This contradiction might be explained by the diversity of the lesions included 

under the term 'angiosarcoma'. Cutaneous angiosarcomas occur in three clinically 

and histopathologically different forms: angiosarcoma on the scalp and face of 

elderly patients; angiosarcoma at sites of chronic lymphoedema (usually on the 

chest after mastectomy); and angiosarcoma developing after radiation therapy. In 

our HHV8 DNA-positive cases the tumors occurred in the region of the face or 

scalp exclusively, while the cases reported by the other groups were chest wall 

angiosarcomas, or not further classified tumors. Exact clinical diagnosis of the 

lesions (including topographical description) and precise histopathological 

classification are therefore strongly suggested when analysing tissue samples for 

the presence of HHV8.

We failed to detect any HHV8 viral DNA in all of the four analyzed cases of 

ALHE. Detection of HHV8 DNA in ALHE is contradictory. Li et al have also 

failed to detect HHV8 DNA in ALHE using a more sensitive nested PCR (93). We 

conclude that the positive cases may be related to contamination.
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The HHV8 viral, and the virus induced cytokines could promote angiogenesis, 

inflammation, oedema, therefore they can be directly involved in the pathogenesis 

of KS.

IL-8 positive staining was found on vascular endothel both in normal and in 

KS dermis. Vascular endothelial cells in KS expressed IL8RA slightly stronger 

than in normal skin. Although, IL-8 is present in the tissue, but it may not be the 

major angiogenic cytokine promoting neovascularization in KS.

VEGF-dependent neoangiogenesis is known to be essential for tumor growth 

(94), mainly for local growth. It is known that human keratinocytes produce VEGF 

that stimulates angiogenesis. Keratinocytes express three of the five isoforms of 

VEGF and they secrete a large amount of VEGF protein in cell culture. It is 

possible that keratinocyte-derived VEGF regulates skin vessel function under 

normal physiologic conditions. The epidermis itself is not vascularized, and, thus 

epidermal cells must depend on dermal microvessels for their nutrition. In fact, 

low oxygen tension is a strong signal for the induction of VEGF, therefore, 

decreased perfusion of skin should upregulate VEGF production in the epidermis. 

In this scenario, VEGF secretion might then alter the permeability of dermal 

vessels, thereby regulating the supply of oxygen and nutrients to the epidermis. 

Our result by detecting stronger VEGF protein staining in KS epidermis also 

supports these data. Hyperproliferations, like KS, with increased oxygen and 

nutrient requirements can cause epidermal starvation, in this way epidermal VEGF 

overexpression. To exert its action on mitosis and proliferation of vascular 

endothelial cells, locally produced VEGF requires its receptor to be specifically 

expressed on the endothelial cells. VEGF-R1 is involved in the stimulation of 

endothelial cell migration; VEGF-R2 seems to be responsible for transducing the 

mitogenic and permeability enhancing effects of VEGF (95). Fiorelli et al and 

Gendelman et al have reported that KS cells and HUVE cells expressed different 

levels of VEGF-R1 although both cell types were used in activated state and, under 

cytokine stimulation, they had the same phenotype and functional activities 

(96,97). Samaniego have suggested that this VEGF-R1 down-regulation by KS 

cells may be responsible for the lack of growth effect of VEGF (72). Bron et al 

have reported preferential VEGF-R2 expression in spindle cells of the lesions (98). 

Our results also support these data.

The epidermal localization of IL-6 suggests that it may be involved in local
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cellular homeostatic mechanisms and may constitute a link between event in the 

immune system (99). IL-6 may also control cell proliferation, and this effect may 

be important in KS. Miles et al have found that when AIDS-KS cells were exposed 

to IL-6 antisense oligonucleotide cellular proliferation decreased, with a 

corresponding decrease in the production of IL-6 (100). Locally increased 

epidermal cytokine expression may contribute to the control of cell proliferation in 

KS.

The absence of IL-10 protein in normal and KS tissue suggests that other 

methods should be considered to evaluate its role in KS if there is any. The 

consistent positivity for IL-10R along the dermal-epidermal junction in KS 

sections may be a reactive receptor up-regulation to the decreased amount of IL- 

10. Howard et al have found that in vitro activation of monocytes/macrophages in 

the presence of neutralizing anti-IL-10 monoclonal antibodies resulted in increased 

production of IL-6 (85). This result thus supports our findings that decreased IL- 

10 level may cooperate in elevating IL-6 and VEGF levels.

Taking the results together, our data support the hypothesis that at least in the 

early stage KS is not a true tumor but a hyperplastic/proliferative disease 

originating from uncontrolled paracrine signalings of vascular endothelium and 

spindle cells. Cytokines produced by inflammatory cells induce normal endothelial 

cells to acquire the features of KS and induce production of angiogenic factors. 

Angiogenic factors like VEGF, IL-8 may provoke angoigenesis. VEGF may also be 

responsible for the oedema in KS.

The finding that endothelial cells are a potent source of inflammatory, 

immunomodulating, and growth-promoting cytokines provides new insights into 

the pathomechanism of KS. Moreover, the elucidation of cytokine interactions and 

further investigation of cytokine functions may be helpful in evaluating disease 

activity. Perhaps, better understanding of the cytokine network may lead to the use 

of these mediators, their analogues and antagonists in therapy of the KS.
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CONCLUSIONS

1. In this study we have confirmed that HHV8 can be consistently found in classic 

KS. Sequence analysis has shown that the HHV8 sequences have been found by 

us show a high degree of similarity to those that have been previously 

described.

2. We have demonstrated for the first time that HHV8 is present in regressed 

iatrogenic KS lesion.

3. We have also demonstrated that the absence of HHV8 in PKS is a reliable 

diagnostic marker between KS and the clinically similar PKS.

4. Contradictory data have been found in the literature about angiosarcoma and in 

ALHE containing HHV8 DNA. We have detected HHV8 specific DNA 

(confirmed by sequence analysis) in angiosarcoma of the face supports a 

causative role of HHV8 in its pathogenesis, although further investigations are 

needed to make the final conclusion. The absence of HHV8 in four cases of 

ALHE may refuse the connection between HHV8 and this disorder.

5. The absence of HHV8 in papillary endothelial hyperplasia (also called Masson 

tumor), arteriovenous haemangiomas, capillary haemangiomas, cavernous 

haemangiomas, pyogen granulomas, angiokeratomas, one circumscribed 

lymphangioma, and haemangioperycitoma supports the hypothesis that HHV8 

may not be involved in the etiopathogenesis of these skin diseases.

6. We have provided evidence that cytokines have a definite role in KS. Detection 

of IL-6 and VEGF upregulation in KS epidermis supports the hypothesis that 

cytokines in the epidermis effect dermal oxygen and nutrient supply. We have 

found IL-6, VEGF, VEGF-R2 upregulation in KS. These two cytokines and may 

induce indirectly or directly angiogenesis in KS. IL-8 was found to be slightly 

upregulated in KS vascular endothelial cells, suggesting that it may not play the 

leading role in the angiogenesis of KS.
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Taking the results together, we conclude that not only HHV8 but also the cytokine 

network has an important role in the pathogenesis of KS.
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SUMMARY

Cancers are one of the most common diseases in the world. Although, it is very important to prevent 

malignancies, we can not neglect those tumors that have already developed.

Synthetizing new therapeutic agents is also a challenge for contemporary research. Our new 

synthetic PTZ derivatives (mainly l-(2-chloroethyl)-3-(-10H-phenothiazine-10-yl)alkyl-l -ureas) are 

promising for further evaluation. These molecules are good candidates for new anticancer drugs.

Investigation on tumor development, particularly on KS, may provide not only further evidence that 

KS is a cytokine mediated disease, but also provide new insights into the general pathomechanism of 

other tumors. Based on this knowledge new therapeutic modalities can also be introduced.
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