ARTICLES

Expression of K13/v-FLIP Gene of Human Herpesvirus 8
and Apoptosis in Kaposi's Sarcoma Spindle Cells
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lesions [reviewed in(1)]. These so-called KS spindle cells are

Background: Human herpesvirus 8 (HHV8) infection is as- regarded as the tumor cells of KS. i
sociated with all forms of Kaposi's sarcoma (KS). The HHVS DNA sequences of a novel human herpesvirus, termed human

genome locus ORFK13-72-73 (ORF = open reading frame) herpesvirus 8 (HHV8), have been identified in skin biopsies of
encodes proteins that may be important in HHV8-mediated KS 1€sions(2). HHV8 has been implicated in KS pathogenesis
pathogenesis, i.e., the latency-associated nuclear antigen (engn the basis of seroepidemiologic and polymerase chain reaction
coded by ORF73), viral-cyc-D (v-cyc-D), a viral homologue (PCR) studies that have detected viral infection in patients af-
of cellular cyclin D (encoded by ORF772) and viral-FLip  fected with all of the different epidemiologic forms of KS (clas-
(v-FLIP), a homologue of the cellular FLICE (Fas-associated Sic@l KS, iatrogenic KS, African KS, and acquired immunode-
death domain-like interleukin 1 beta-converting enzyme) in- ficiency syndrome [AIDS]-associated KS [AIDS—KS{$-7).
hibitory protein (encoded by ORFK13: is an inhibitor of Furthermore, HHV8 infection appears to precede the onset of
apoptosis [programmed cell death]). Through differential KS (8). i ) . )

splicing events, this locus expresses individual RNA tran- Thg mechgnlsms by which HHVS is involved in KS patho-
scripts that encode all three proteins (tricistronic tran- 9€nesis are stlll_u_n_clear. Several genes_ofHHVS with potentlally
scripts) or just two of them (v-FLIP and v-cyc-D: bicistronic tL_lmorlgemc activities have been identifi¢d,10). In partlcglar,
transcripts). We examined expression of these transcripts in Vir2l homologues of cellular genes that encode proteins (and
KS tissues.Methods:We collected tissues from patients with corresponding messenger RNA [mRNA] transcripts or open
KS of different stages. By use of an optimizedh situ hybrid-  r€ading frames [ORFs]) with potential transforming, chemoat-
ization procedure, we examined different ORFK13-72-73 lo- tractive, growth-promoting, and survival properties have been
cus transcripts in HHVS-infected cells in skin lesions and in SU9gested to play a role in KS development. These include the
one adjacent lymph node. Apoptosis in KS lesions was de-G-protein-coupled receptor _homologous to the interleukin 8 re-
termined by use of anin situ assay.Results and Conclusions: C€Ptor BJORF7411,12),the interferon regulatory factor-1 (vi-
Our results indicate the following: 1) Transcripts from the al-IRF-1/ORFK9)(13,14), two factors homologous to the

ORFK13-72-73 locus appear to be spliced differentially in B-chemokine macrophage inflammatory protein-1 (viral-MIP-1/
latently infected KS cells in skin lesions and in HHvg- ORFK6 and viral-MIP-2/ORFK4]9,10,15),viral-IL-6/ORFK2

infected cells in lymph nodes: specifically, ORFK13-ORF72 (15-17),and viral-Bcl-2/ORF16(18,19). These viral proteins
bicistronic transcripts were expressed abundantly in ks nave all been shown to be biologically actirevitro (9-19).
cells, whereas ORFK13-ORF72-ORF73 tricistronic tran- HOwever, little or no expression of the corresponding mRNA
scripts were detected only in lymph node cells. 2) Sequenceé"as been dgtgcted n ,KS tissues bY reverse ”?‘”S?“p“or? (RT)-
encoding the antiapoptotic protein v-FLIP are expressed at ~CR: In addition, studies of transcription mapping in a primary
very low levels in early KS lesions, but expression increases&ffusion lymphoma-derived cell line (BC-1 cells) have indicated

dramatically in late-stage lesions. 3) The increase in expres-
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that these genes are expressed only in the lytic/productive phases. Virally encoded FLIPs have also been detected in several
of the viral life cycle(20), whereas most of the cells in KS arey-herpesviruses as well as in the tumorigenic human mollusci-
latently infected21,22).In fact, the investigation of the expres-poxvirus. FLIPs block early signaling events of the death recep-
sion of viral-IL-6, viral-Bcl-2, and viral-MIP-1 in KS tissue tors Fas, TRAMP (wsl/DR-3/apo-3), TRAIL-R1 (DR-4),
sections at the single-cell level by situ hybridization has TRAIL-R2 (DR-5), and tumor necrosis factor receptor 1 (TNF-
proven that these genes are expressed only by a few productiely) (38—43). HHV8 v-FLIP contains two death-effector do-
infected cells, most likely of monocytic or lymphocytic originmains(43). One of these may bind to death-effector domains of
(23-26). These results indicate that these genes that are &ADD (MORT-1) or FLICE (Caspase 8/MACH/Mch-5) and
pressed only in the lytic phase of the HHV8 life cycle may havaterfere with the FADD-FLICE interaction, thereby inhibiting
only a limited impact on the development of KS lesions anthe recruitment and activation of FLICE by F@k3).
more likely, have paracrine function. Given these roles, the expression of each of the genes en-
In contrast, a high expression of v-IL-6 has been found oded by the ORFK13-72-73 locus in KS lesions may be highly
lymph nodeg23), suggesting that different microenvironmentselevant for tumor growth. Thus, we investigated the expression
may influence the HHV8 life cycle. In particular, v-IL-6 may beof these genes in KS and lymph node tissuesnbsitu hybrid-
important in the pathogenesis of HHV8-associated diseaseszaition by use of probes specific for each of the three ORFs.
lymphatic origin, such as primary effusion lymphomas and mul-
ticentric Castleman’s disease, which are also associated WHHTERIALS AND METHODS
HHV8 infection (27,28),whereas genes that are expressed alﬁ%ti ents
during latent infection are more likely to contribute to KS patho-
genesiq20). Fourteen KS biopsy specimens (12 AIDS-KS lesions and two classical KS
We have, therefore, focused aursitu hybridization studies lesions) in different stages of development (four with early-patch lesions [all
on an HHV8 DNA locus with Iatency-associated gene exprefégm AIDS—KS] and 10 ‘With late nodulgr KS I_esions_[e_igh_t AIDS—KS lesions
sion, which includes three different adjacent ORFs term dt\_/voclassma_l KS I_e5|ons])were s_tudledutnysltuhybrldlzanon.One_nodular _
ORFK13, ORF72, and ORF73 (ORFK13-72-73 locygy). biopsy specimen included an adjacent lymph node. All other biopsy speci-

. . . . T mens were obtained from skin lesions. In addition, three skin biopsy specimens
Two transcripts are expressed via d|ff_erent|a| splicing from thjgm a healthy region of the skin of three different patients with AIDS—KS were
locus, a 6.0-kilobase (kb) RNA encoding all three ORFs andiriuded as control specimens. Terminal deoxynucleotide transferase-mediated

shorter 1.7-kb bicistronic transcript that encodes only thieoxyuridine triphosphate (dUTP) nick-end labeling (TUNEL) analysis was per-
ORF72-K13 sequences (Fig. (39-31). formed on the three biopsy specimens of nonlesional (healthy) skin and on nine
ORF73 encodes a high-molecular-weight latent nuclear pﬁg_rly-patch and 12 late nodular stage AIDS—KS lesions, including all of the four
. . . early-stage lesions and five of the late-stage lesions that were uséd Sitn
tein (LNA, LN_Al, or LANA), W_hlch is a component of the hybridization studies.
Iatency-assouated nu?lear antigez). Recemly' a latency- All human immunodeficiency virus (HIV)-1-infected donors were homo-
gssouate_d nUClear an“geh .(LNA_) protein _has been detectedsbyial male patients classified as Centers for Disease Control and Prevention
immunohistochemical stainings in the spindle cells of KS l|&roup C(44). None of the patients received anti-KS therapy when the biopsy
sions(32),and it has been suggested that this protein may regnecimens were taken. Control biopsy specimens were obtained from an unin-
i i volved area of the skin of one of the patients with AIDS-KS. All biopsy speci-
late the segregation of HHV8 episomes to progeny d&iB). Ived f the skin of one of the pati ith AIDS—KS. All bi '
ORF72 encodes a protein homologous to the cellular Cycmzlans were taken for diagnostic purposes with written informed consent from the
R X . . tients.
D. HHVS8 viral-cyc-D (v-cyc-D) is capable of inducing prIoa 1ents
phosphorylation through Cdké activation and can release cedignthesis of Plasmids and Probes

from the growth-proliferation blockade induced by pRb expres- _ _ o
sion (34_37)_ For probe synthesis, DNA fragments of the respective HHV8 genomic region

. 13 probe [nucleotides 122710-122294], v-cyc-D probe [nucleotides 123566—
ORFK13 encodes a protein homologous to cellular FLIC 2796], C14 probe [nucleotides 124897-123959], and ORF73 probe [nucleo-

(FADD [Fas-associated death domain]-like interleukin 1 betﬁdes 127293-126337]) (Fig. 1) were inserted into transcription plasmids and

cor_lverting enzyme) inhibitory .p|'0t_ein (viral-FLIP [V'FLlP]),.were verified by nucleotide sequence analysis. Plasmids for synthesis of T0.7,
which has been recently identified in muscle and lymphoid tis#23, and actin hybridization probes have been described eé2e45,46).

Fig. 1. Structure and expression of the
ORFK13-72-73 locus of human herpesvi-
rus-8. The locus is expressed via a 6.0
kilobase (kb) RNA transcript encoding all
three open reading frames (ORFs) and a 1.7 l
kb bicistronic transcript that encodes the vi-

ral-cyc-D (v-cyc-D)/viral-FLIP (v-FLIP) se- 3
quences(31) [nucleotide numbers are RNA
according to Russo et g10)]. Black bars 3 5

indicate the respective nonoverlapping RNA|
hybridization probes constituting almost all
of the sequences encoding K13/v-FLIP
(K13 probe, 122710-122294), ORF72/v-
cyc-D (v-cyc-D probe, 123566-122796),
and sequences encoding the aminoterminal

part (ORF73 probe, 127293-126337) and the carboxyterminal part (C14 probe, 124897-123959) of the ORF73/LNA protein. Sense and antisensth@robes had
same length complementary sequence and polarity. v-FtIRiral FLICE (Fas-associated death domain-like interleukin 1 beta-converting enzyme) inhibitory
protein; LNA = viral latency-associated nuclear antigen. ¥Rterminal repeat.

K13Wv-FLIP|{ ORF72/vCyclinD | ORFT73/LNA

(122291) (122710) (122793) (123566) (123808) (127296)
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K13 v-cyc-D c14 ORF 73
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Linearized forms of these plasmids were used for synthesisSsfadiolabeled and two patients with classic KS at different stages of develop-
sense and qntisense RNA hybridization probes (speci_fic activity 10 cpm/ ment (four early-patch lesions [a|| AIDS—-KS Iesions], 10 late
ng RNA) with RNA polymerases T3 and T7 as descrit{ed 45,46). nodular KS lesions [eight AIDS—KS lesions and two classic
In Situ Hybridization KS lesions]). One of the nodular lesions developed adjacent
_ _ _ _ to a lymph node, which allowed comparison of ORFK13-72-73
All biopsy specimens used in our study were processed as previously %%(‘pression in both tissues. ORFK13-72-73 gene expression
scribed with an optimized, highly sensitivie situ hybridization protocol that . . - . . } ige
allows detection of RNA encoding cytokines, growth factors, chemokines, a\rllv0a$ analyzed byn situ .hybndlzatlon with strand SpECIfIC
HHVS transcripts in K(22,24,45,47,48). radiolabeled nonoverlapping RNA probes t_hat were complemen-
In brief, immediately after removal, biopsy specimens were fixed in a col@’y to almost all of the sequences encoding K13/v-FLIP (K13
(4 °C) solution of freshly prepared 4% paraformaldehyde in phosphate-buffefeeobe, 122710-122294) and ORF72/v-cyc-D (v-cyc-D probe,
saline (0.13M NaCl, 7 mM Na,PO,, and 3 nM NaH,PO, x 2H;0 [pH 7.4]). 123566-122796) and to the sequences encoding the aminoter-
Dehydration and paraffin embedding were performed as descd3ed8).Thin  minal part (ORF73 probe, 127293—126337) and the carboxyter-

sections (5-1@um) on silanized slides were deparaffinized and were subjecttﬁ;iinal part (C14 probe, 124897—123959) of the ORF73/LNA
to in situ hybridization as follows: protein (Fig 1) !

The RNA probe solution (10-1pL) was applied directly to the tissue sec-

tions at a final concentration of 50000 cpu/ in hybridization buffer (50% . . . .
deionized formamide, 0.81 NaCl, 20 M Tris—HC [pH 7.4], 5 M EDTA, 10 Increased Expression of K13/v-FLIP in KS Lesions With

mM NaPQ, [pH 8.0], 10% dextran sulfate, 1x Denhardt's reagent, andgnL. ~ Disease Stage

total-yeast RNA). Hybridization was carried out under coverslips at 50°C for 16

hours in a humid chamber. The coverslips were gently floated off in 5x standard Hybridization with the K13 probe showed only a very few
saline citrate (SSC) (1x SS€ 0.15M NaCl and 0.013V sodium citrate) and (one lesion) or no (three lesions) hybridization signals in the four
10 mM dithiothreitol (DTT) at 50 °C, and the sections were subjected to éarly-patch KS lesions examined (Fig. 2, A, bright field: Fig. 2,
stringent washing at 60 °C in 50% formamide, 2x SSC, and WODA T covered B, Corresponding dark field). By contrast, all the 10 nodular

with film emulsion and then exposed for 14 days. After photographic develop- . R . .
ment, slides were stained with hematoxylin—eosin. fesions showed strong hybridization signals with the K13 probe

Contrals for hybridization specificity were as follows: Negative controls inin @lmost 70% of the spindle cells (Fig. 2, C and D [KS]). In
cluded 1) the predigestion of adjacent sections with £g0nL ribonuclease A adjacent noninvolved lymph nodes (Fig. 2, C and D, (LN)] and
for 1 hour at 37 °C prior to hybridization, 2) the use of the sense-strand ribother peritumoral tissues (Fig. 2, C and D, left part), no hybrid-
probe, 3) the use of an unrelated riboprobe, and 4) hybridization of the antisepagtion signals were found. At a higher magnification, it was

riboprobe to sections from three different nonlesional healthy skin biopsy spe@i-ear that K13 was predominantly expressed by the spindle cells
mens. In no case were signals observed with these control sections. A positjy . P .
control experiment was carried out by hybridization with a probe for the detel\é)-ll‘fh typical plump, elongated nuclei (Fig. 2, E and F; arrow). In

tion of cellular actin mMRNA, which is highly expressed in every cell. Hybrid-add't'on' signals W?re observed 'n. endo'[he:hal Cel_ls lining mor-
izations with up to six different probes were carried out on consecutive sectioR§10logically recognizable vessels in the lesions (Fig. 2, E and F;
Similar signal patterns were obtained with probes specific for latent and ly@rowhead).
genes, respectively, providing a clear evidence for hybridization specificity. To control reliability of the technique, the tissue was hybrid-
ized with an actin-specific hybridization probe. Signals occurred
over all cells of the sections, demonstrating that all parts of
The BCL-2 protein was detected in KS tissue sections with an imimunochertiite tissue were similarly accessible for hybridization (Fig. 2, G
cal procedure. Paraffin-embedded tissue sections were deparaffinized and gragid H). Tissue sections of healthy skin regions of patients
ally rehydrated. Subsequently, sections were immersed in target retrieval S%‘ith AIDS—KS did not show signals with the K13 probe (Fig. 2,
tion (Dako, Hamburg, Germany) and boiled in a microwave oven (800 W) thrge, ) “ingiicating a specific association with KS tissues. In
times for 10 minutes each. Tissue peroxidases were blocked by incubation of the .. . . . .
sections for 10 minutes in J@, (7.5%), and unspecific antibody-binding sites® dition, in no case were signals Obse,rved by hybr|ci|zat|on W'th
were blocked by incubation for 1 hour in white medium (Dako). The tissd§1€ K13 sense control probe, excluding hybridization to viral
sections were then incubated with an anti-BCL-2 antibody (Dako) ag/tt.  DNA as the reason for the signals obtained with the K13 anti-
final concentration for 2 hours. Bound primary antibody was detected withsense probe (data not shown). Additional control experiments

commercially available peroxidase-coupled streptavidin—biotin kit (LSAB-3yere also performed to demonstrate hybridization specificity
Kit; Dako) by use of 3-amino-9-ethylcarbazole (Sigma, Deisenhofen, Germar(ige(_)uMateria|S and Methods” section)
as a substrate. '

Immunohistochemistry

TUNEL Analysis Bicistronic ORF72-K13 mRNA: the Predominant
Transcript of the ORFK13-72-73 Locus in KS Lesions
TUNEL assay for the detection of apoptosis (programmed cell death) in cells
in KS tissue sections was carried out withiarsitu cell death detection kit from To investigate whether the bicistronic ORF72-K13 mRNA

Boehringer Mannheim GmbH (Mannheim, Germany) and with the TdT; . . . )
FrageL™ DNA fragmentation kit from Oncogene Research (Cambridge, MA%nd the tricistronic RNA, encoding also LNA, were both de

according to the manufacturer’s instructions. Incorporated fluorescein-dUTP -Cte_d by the K13 ant'_s_ense p_rObe' Se”_al sections of KS biopsy
dUTP) and biotinylated-deoxynucleoside triphosphate (b-dNTP) were detec&R€CiImens were hybridized with four different probes comple-
with an antifluorescein antibody (for f-dUTP) or streptavidin (for b-dNTP), bottinentary to the mRNA encoding K13/v-FLIP (K13 probe),
conjugated with peroxidase and appropriate substrate reaction. ORF72/v-cyc_D (v-cyc—D probe), the aminoterminus (ORF73
probe), and the carboxyterminus (C14 probe) of ORF73/LNA

ResuLTs (seeFig. 1). As shown in Fig. 3, prominent signals were obtained
Structure and Expression of the HHV8 ORFK13-72-73 in KS lesions with the K13 probe (Fig. 3, A and B) and the
Locus v-cyc-D probe (Fig. 3, C and D), whereas no signals were ob-

served with the ORF73 probe (Fig. 3, E and F) and the C14
Expression of the ORFK13-72-73 locus was investigated probe (data not shown). These results demonstrated that signals
biopsy specimens from lesions from 12 patients with AIDS—K8btained with the K13 and the v-cyc-D probe represent hybrid-

Journal of the National Cancer Institute, Vol. 91, No. 20, October 20, 1999 ARTICLES 1727



Fig. 2. Detection of RNA transcripts of the human herpesvirus-8—K13 gene kig. 3. ldentification of various RNA transcripts arising from the ORFK13-72-73
Kaposi's sarcoma (KS) lesions. Hybridization with the K13 antisense proli@cus of human herpesvirus 8 by hybridization of consecutive Kaposi's sarcoma
showed no signals in early-patch KS lesios € bright field; B = corre- (KS) tissue sections. Serial sections of late-stage KS lesion biopsy specimens
sponding dark field). Strong signals were obtained in almost 70% of the spinalere hybridized with the K13 probé\(= bright field; B = dark field), viral-

cells present in a late-stage KS lesidd énd D [KS]), whereas the adjacent cyc-D probe C andD), ORF73 probeE andF), T0.7 probe G andH), and
lymph node tissueG andD [LN]) and the peritumoral tissue outside the lymphVP23 probe I andJ). Prominent signals were obtained in KS lesions with the
node C andD; left part) did not reveal any hybridization signal. Higher magK13 probe A andB [KS]) and the v-cyc-D probe andD). No signals were
nification demonstrated hybridization signals overlaying the spindle cells of K&bserved with the ORF73 probE @ndF). Robust signals were obtained with
with typical plump, elongated nucleE(and F; arrow) and endothelial cells the T0.7-specific probe andH) and a similar distribution on the tissue as
lining morphologically recognizable vessels in the lesiBradF; arrowhead).  those obtained with the K13 and v-cyc-D probes (compeasB), respectively.
Hybridization with an actin-specific probe revealed signals over all cells of thiehe VP23 gene was not expressed in this speciniean(l J), indicating a
section G andH). No signals were observed when the K13 antisense probe waredominantly latent infection. PanedssandB have been repeated from Fig. 2
hybridized to a healthy skin region of a patient with acquired immunodeficien€Z and D) to demonstrate the hybridization pattern of the different probes on
syndrome-associated K$ §ndJ). consecutive sections.

ization with the bicistronic v-cyc-D-K13 mRNA and not hybrid-probes (compare Fig. 3, A-D). By contrast, VP23 mRNA was
ization with the tricistronic RNA, which also contains theeither undetectable (Fig. 3, | and J) or expressed only in very few
ORF73 sequences. cells of the lesions (data not shown), which is consistent with
To investigate whether the bicistronic ORF72-K13 mRNA isarlier reportg22,26,46).These findings indicate that the bic-
expressed in KS lesions during the productive/lytic or the lateistronic ORF72-K13 mRNA is expressed in latently infected KS
phase of the viral life cycle, expressions of the capsid gene VPgi3ndle cells of late-stage nodular KS lesions.
o e e iopey S2socaled 0 engh ORF73-72:K13 MRNA and an Abundans
consecutive to those hybridized with the K13 probe (Fig. ggpressmn in Lymph Node Tissue
A-F). Strong hybridization signals were obtained with a T0.7- Hybridization analysis of the tissue (including a lymph node
specific probe (Fig. 3, G and H), with a distribution in the tissuand the adjacent nodular KS lesion) from a patient (Figs. 2 and
section similar to that obtained with the K13 and the v-cyc-B) showed HHV8 infection in three follicles distant from the KS
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lesion and hybridization signals with the K13 probe (Fig. 4, Aections with the K13 probe did not show any signal (Fig. 5, B
[bright field], B [dark field], and C [increased magnification offbright field] and C [dark field]). In eight of the nine early KS
positive cells]) and the v-cyc-D probe (Fig. 4, D—F) but also witlesions, numerous cells appeared to be apoptotic (Fig. 5, D;
the ORF73 (Fig. 4, G-I) and the C14 probe (data not showm)rows). Some of these cells were lining vascular spaces appar-
These results indicate that the ORFK13-72-73 locus is differegmtly representing endothelial cells (Fig. 5, D; lower arrolm).
tially expressed in KS and lymph node tissues. Moreover, TGsitu hybridization of a consecutive section with the K13 probe
mRNA was also detected in lymph node cells (Fig. 4, J-L). lfevealed no signals (Fig. 5, E and F). By contrast, apoptosis was
contrast to KS tissues, VP23 mRNA was expressed in more théther absent (10 lesions) or very rare (two lesions) in the late-
30% of the HHV8-infected lymph node cells (Fig. 4, M-O)stage KS lesions examined (Fig. 5, G) and high expression of
demonstrating that lytic/productive infection is more prominem13 was detected bin situ hybridization on consecutive sec-
in the lymph node cells compared with KS tissues where tiigns (Fig. 5, H and ).
latent infection is predominant. It has been reported that BCL-2, a cell-encoded antiapoptotic
factor, is expressed in the spindle cells of KS and that its ex-
pression increases in a stage-related manner during KS lesion
Since the K13/v-FLIP gene product may inhibit receptodevelopment(49). By immunohistochemistry on the speci-
mediated apoptosis in latently infected spindle cells, we examen with the late-stage lymph nodal KS, prominent staining
ined whether its expression is associated with a reduced apopthe BCL-2 protein was observed in the mantle zone cells
tosis of these cells. For this purpose, nine early-patch KS lesiont the lymph node, whereas the cells in the germinal centers
12 late nodular-stage KS lesions, and, as a control, three biopsre negative (Fig. 5, J [LN]). In comparison to the lymph
specimens from nonlesional healthy skin of patients with AIDStode, BCL-2 staining intensity in the KS lesion was lower (Fig.
KS were analyzed by the TUNEL assay. In the three biop8y J [KS]). However, higher magnification of the KS area re-
specimens from the healthy skin, the apoptosis was detectegled that BCL-2 was expressed in almost all of the cells of the
only in the upper cell layers of the epidermis but not in thkesion (Fig. 5, K), predominantly in the spindle cells (Fig. 5, L,
dermis (Fig. 5, A; arrow)In situ hybridization of consecutive arrows).

Decrease in Apoptosis in KS Lesions With Disease Stage

Fig. 4. Determination of the expression of the hu-
man herpesvirus 8 (HHV8) ORFK13-72-73 locus in|
lymph node tissue adjacent to Kaposi's sarcoma
(KS) lesion. HHV8 infection was detected in three
follicles of a lymph node adjacent to the nodular KS
lesion shown in Figs. 2 and 3. Various cells of thes¢
follicles hybridized with the K13 probeX = bright
field; B = dark field; andC = increased magnifi-
cation of positive cells), the viral-cyc-D probb (E,
and F), the ORF73 probeQ@, H, andl), the T0.7
probe @, K, andL), and the VP23 probeV, N, and
0). Panels)-O indicate that a high fractior%30%)
of HHV8-infected lymph node cells is lytically/
productively infected (compare ratio of T0.7-
positive [J, K, andL] and VP23-positivef§1, N, and
Q] cells).
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Fig. 5. Detection of apoptosis (programmed cell
death) and expression of antiapoptotic factors (humg
herpesvirus 8-K13 gene encoded viral-FLIP and ce|l
encoded BCL-2) in early-stage and late-stage Kapdg
si's sarcoma (KS) lesions. Terminal deoxynucleotidg
transferase-mediated deoxyuridine triphosphate nicl
end labeling analysis of nonlesional healthy skin o
patients with acquired immunodeficiency syndromet |
associated KS indicated that apoptosis is detected orfly |
in the upper cell layers of the epidermis but not in thq
dermis @; arrow ). In situ hybridization with the K13
probe of consecutive sections did not show any sign
(B = bright field; C = dark field). In early KS le-
sions, numerous cells appeared apoptdiic frown
staining; arrows). Some of these cells were lining |
vascular spaces apparently representing endothelfal
cells O; lower arrow). In situ hybridization with the
K13 probe of a consecutive section revealed no signa|
(E andF). No apoptosis was detected in late-stage K
lesions ), and K13 was highly expresseH @ndl).

In a section with a late-stage KS overlying a lymph
node (LN), BCL-2 protein was found to be highly
expressed in the mantle zone cells of lymph follicle
(red staining). In KS, anti-BCL-2 staining intensity
was lower and the cells in the germinal centers did ngt
express this cell-encoded antiapoptotic factdy. (
Higher magnification of the KS tissue revealed tha
BCL-2 is expressed in almost all cells of the lesi&) (
and predominantly in the spindle cells; (arrows).
viral-FLIP = viral-FLICE (Fas-associated death do-
main-like interleukin 1 beta-converting enzyme) in-
hibitory protein.

>

0

A"z

DiscussioN encodes ORF73, is below thesitu detection limit £50 copies).
In contrast, a recent repof82) has shown the presence of the
Most previous studies on the expression of HHV8 genes ilNA protein in KS spindle cells. This finding is similar to pre-
KS lesions have been performed by the RT-PCR method, whidbus data with the Epstein-Barr virus-encoded nuclear anti-
does not allow determination of the gene expression at the ogén-1 (EBNA-1), whose RNA is expressed at a very low level
lular level and of the level of expression and whether lytic d61), whereas the EBNA-1 protein is relatively abundant and can
latent infection is predominant. be easily detected in infected cells by immunochemical methods
During lytic infection, almost every viral gene is expresse@52,53). However, in lymph node tissue, the ORF73-encoding
whereas only a few genes are expressed in latently infected cBINA sequences are expressed at levels detectabl@ Isjtu
(50). Lytic infection may be required to maintain the virus in dybridization. Since the lymph node and the KS tissue were both
tissue, but lytically infected cells will die. Therefore, only lapresent in the same biopsy sections and, therefore, identically
tently infected cells, which survive infection, may contribute téixed and processed during hybridization, and since an actin
lesion growth. This suggests that, for HHV8 to perpetuat@obe revealed similar signals in KS and lymph node tissues, the
growth of KS lesions, the presence of both lytically and latentljifferent expression patterns are not due to methodologic varia-
infected cells may be required. tions. In contrast, they prove that the tricistronic ORF73-72-K13
By use ofin situ hybridization, we mapped the differentRNA is the predominant transcript in cells of the lymph nodes,
transcripts of the HHV8-encoded ORFK13-72-73 locus in lytiwhereas the bicistronic ORF72-K13 RNA is expressed mostly in
cally and latently infected cells in KS and lymph node tissuethe KS lesions.
We obtained for the first time detailed insights into the expres- In pleural effusion lymphoma-derived cell lines, the bicis-
sion of this locusin vivo by hybridization of up to six consecu-tronic ORF72-K13 RNA has been shown to be generated by the
tive sections with different probes (K13, v-cyc-D, C14, ORF73plicing of a tricistronic ORF73-72-K13 precursor RNAO).
VP23, and T0.7). The results indicate that 1) the ORFK13-72-T8us, the different expression pattern observed in KS and lymph
locus is differentially expressed at the RNA level in KS tissuatodes is likely because of differential splicing events. Differen-
as compared with lymph nodes, 2) the expression of the HHV&al processing of the tricistronic precursor RNA may be coupled
encoded antiapoptotic K13/v-FLIP gene increases dramaticalith the viral life cycle. This hypothesis is suggested by our
from early- to late-stage KS lesions, and 3) the increase of Kidjservation that in KS almost all of the infected spindle cells
v-FLIP gene expression parallels the decreased apoptosis in late- latently infected#98), whereas in lymph nodes more than
stage lesions. 30% of the infected cells show lytic gene expression (as deter
Specifically, in late-stage nodular KS lesions, the bicistronimined by the ratio of VP23- and T0.7-expressing cells). Of
ORF72-K13 mRNA is conspicuously expressed in almost 70fiterest, induction of lytic infectionin vitro by 12-O-tetra-
of the spindle cells, whereas the tricistronic RNA, which alsdecanoylphorbol-13-acetate treatment of latently infected
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BCBL-1 cells has no effect on the sp|icing of this |o((@@)_ Our Identification of herpesvirus-like DNA sequences in AIDS-associated Ka-
data suggest thah vivo the ORF73-72-K13 locus is differen-  Pposi's sarcoma. Science 1994,266:1865-9. .
tially expressed in lytically and latently infected cells. However (3) Moore PS, Chang . Detection of herpesvirus-like DNA sequences in

hybridization on consecutive sections did not allow us to deter- nggi;;i%oln:g in patients with and without HIV infection. N Engl J Med

mine uneqqlvocally whether ORF73 sequences are_expressed(zlf‘ Buonaguro FM, Tornesello ML, Beth-Giraldo E, Hatzakis A, Mueller N,
VP23-positive cells. Therefore, our results may also indicate that'" powning R, et al. Herpesvirus-like DNA sequences detected in endemic,
there are two different phases of HHV8 latency: 1) a KS- classic, iatrogenic and epidemic Kaposi's sarcoma (KS) biopsies. Int J
associated latency with abundant expression of the bicistronic Cancer 1996;65:25-8.
ORF72-K13 RNA and low expression of the tricistronic tran-(5) Ambroziak JA, Blackbourn DJ, Herndier BG, Glogau RG, Gullett JH,
script and 2) a lymph node-associated latency where the McDopaldAR,etal. Herpes-likesequences in HIV-infected and uninfected
ORE73-72-K13 transcript is expressed abundantly. Kapos_l’s sarcoma patients [letter]. S_mence 1995;268:582—3.

However, with regard to KS, our study cIearIy shows that théG) Schalling M, Ekman M, Kaaya EE, Linde A, Biberfeld P. A role for a new

.. . . . . herpes virus (KSHV) in different forms of Kaposi's sarcoma. Nat Med
bicistronic ORF72-K13 RNA, which encodes the antiapoptotic 199')5.1:;'8;1_8§ ) in di pos!

V-FLIP, is highly eXpreS_Sed n Iate-StagQ KS lesions but not ify) Hyang vQ, Li 33, Kaplan MH, Poiesz B, Katabira E, Zhang WC, Feiner D,
early lesions and that this stage-related increase of K13/v-FLIP et al. Human herpesvirus-like nucleic acid in various forms of Kaposi's
expression parallels the reduction of apoptosis. sarcoma. Lancet 1995;345:759-61.

There may be several mechanisms for the high apoptotic rat® Gao SJ, Kingsley L, Hoover DR, Spira TJ, Rinaldo CR, Saah A, et al.
in early-stage KS. For example, high concentrations of inflam- Seroconversion to antibodies against Kaposi’'s sarcoma-associated herpes-
matory cytokines, such as TNkand interferon gamma, that are virus-related latent nuclear antigens before the development of Kaposi's
present in the lesion&4) may induce endothelial cell apoptosis __ S'¢oma. N Engl J Med 1996;335:233-41. .

(55-59). Alternatively, apoptosis could be due to activated T(9) Neleel F, Albrecht JC‘, Fleckens.teln.B. Cell—homologou; genes in the_Ka—

. ! ; . posi's sarcoma-associated rhadinovirus human herpesvirus 8: determinants
qells expressing the proapoptotic Fas ligand (Fa(SjD)Bl).A.c— _ ofits pathogenicity? J Virol 1997;71:4187-92.
tivated T cells can be detected in all stages and in all epidemj@o) Russo 33, Bohenzky RA, Chien MC, Chen J, Yan M, Maddalena D, et al.
logic forms of KS(1,48,54,62,63)This fact suggests that potent  Nucleotide sequence of the Kaposi sarcoma-associated herpesvirus
antiapoptotic mechanisms have to be operative to allow growth (HHV8). Proc Natl Acad Sci U S A 1996;93:14862—7.
of KS lesions under these conditions. (11) Arvanitakis L, Geras-Raaka E, Varma A, Gershengorn MC, Cesarman E.

BCL-2, a cell-encoded antiapoptotic factor, was found to be Human herpesvirus KSHV encodes a constitutively active G-protein-
highly expressed in the mantle zone cells of Iymph node tiss coupled receptor linked to cell proliferation. Nature 1997;385:347-50.

) . . H%) Bais C, Santomasso B, Coso O, Arvanitakis L, Raaka EG, Gutkind JS, et
and als_o in the _spl_ndle cell_s and endothelial cells of a Ia_te'Stag al. G-protein-coupled receptor of Kaposi's sarcoma-associated herpesvirus
KS lesion, confirming previous data on a stage-related increase s 4 yiral oncogene and angiogenesis activator. Nature 1998;391:86-9.
of BCL-2 expression in KS developme@9). The expression of (13) Gao SJ, Boshoff C, Jayachandra S, Weiss RA, Chang Y, Moore PS. KSHV
BCL-2 and v-FLIP in almost all cells of KS indicates that both ORF K9 (VIRF) is an oncogene which inhibits the interferon signaling
factors are co-expressed in the spindle cells. However, BCL-2 is Pathway. Oncogene 1997;15:1979-85. _
not an efficient inhibitor of receptor-mediated apoptosis patht) & 10 . o e e L  ereren requitony factor. ) viral
ways induced t_)y !nflamm_atory cyt_o_klnes like TNF-or the 1098:72:5433-40.

FaSL(64'65)'Th|S’ in fact, is a SpeCIfIC task of FLI_F{§_8__43)’ (15) Nicholas J, Ruvolo VR, Burns WH, Sandford G, Wan X, Ciufo D, et al.
suggesting that the HHV8-encoded v-FLIP may inhibit the re- * kaposi's sarcoma-associated human herpesvirus-8 encodes homologues of
ceptor-mediated apoptosis in late-stage KS lesions. macrophage inflammatory protein-1 and interleukin-6. Nat Med 1997;3:

The cooperative activity of the cellular BCL-2 and v-FLIP  287-92.
may exp|ain hOW KS |esions can rap|d|y grOW and progress ﬂ':ﬁ) Molden J, Qhang Y, You .Y, Moore PS, Gold.smith MA. A Kaposi’s s_ar—
the presence of potent pro-apoptotic factors and relatively low coma-associated herpesvirus-encoded cytokine homolog (vIL-6) activates

S o . . . signaling through the shared gp130 receptor subunit. J Biol Chem 1997,
mitotic activity (66), suggesting that the modulation of apoptosis 972-19625-31.

n gpmdle cells may play a key role in the rapld grovvth of K%?) Neipel F, Albrecht JC, Ensser A, Huang YQ, Li JJ, Friedman-Kien AE, et

lesions. _ o ' al. Human herpesvirus 8 encodes a homolog of interleukin-6. J Virol 1997;
In conclusion, we found that the bicistronic v-cyc-D/v-FLIP-  71:839-42.

encoding MRNA is highly expressed in KS spindle cells df8) Sarid R, Sato T, Bohenzky RA, Russo JJ, Chang Y. Kaposi's sarcoma-

late-stage nodular lesions but not in early lesions. Furthermore, associated herpesvirus encodes a functional bcl-2 homologue. Nat Med

a stage-related inverse relation is observed between the exp 1997;3:293-8.

e -
. s . . . {.19% Cheng EH, Nicholas J, Bellows DS, Hayward GS, Guo HG, Reitz MS, et
sion of this bicistronic mRNA and apoptosis. Thus, apoptosIs is al. A Bcl-2 homolog encoded by Kaposi sarcoma-associated virus, human

relatively frequent in early lesions but low or absent in the herpesvirus 8, inhibits apoptosis but does not heterodimerize with Bax or
late-stage nodular lesions, whereas mRNA for v-cyc-D/V-FLIP  Bak. Proc Natl Acad Sci U S A 1997:94:690-4.

is expressed in almost every tumor cell. These data suggest th@t Sarid R, Flore O, Bohenzky RA, Chang Y, Moore PS. Transcription map-
the antiapoptotic v-FLIP protein of HHV8 may contribute to KS  ping of the Kaposi's sarcoma-associated herpesvirus (human herpesvirus 8)
progression by modulating receptor-mediated apoptosis in KS genome in a body cavity-based lymphoma cell line (BC-1). J Virol 1998;

: 72:1005-12.
splndle cells. (21) staskus KA, Zhong W, Gebhard K, Herndier B, Wang H, Renne R, et al.
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