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Abstract

A panel of retinoid compounds (tretinoin, isotretinoin, acitre-
tin, and R013-1470) were tested for inhibitory activity against
Kaposi's sarcoma cell (KSC) cultures in vitro. Tretinoin was
found to be the most effective retinoid tested, inhibiting the
growth of KSCin vitro while having no effect on the expression
of interleukin-6 and basic fibroblast growth factor, two impor-
tant cytokines involved in KSCgrowth. Tretinoin also did not
appear to downregulate the expression of receptors for these
two cytokines. At low concentrations (10-9 M), acitretin and
tretinoin selectively inhibited growth of early passage KSC. At
higher concentrations (10'-10-' M), retinoid treatment in-
duced a pattern of DNA degradation and morphological
changes in KSCcharacteristic of apoptosis (programmed cell
death). The inhibitory activity of tretinoin on KSCgrowth was
decreased if human serum (but not fetal calf serum) was pres-
ent in the growth medium, and partially restored by removal of
serum lipids. These data suggest that retinoids possess poten-
tial as therapeutic agents in Kaposi's sarcoma. (J. Clin. Invest.
1994. 93:1981-1986.) Key words: Kaposi's sarcoma * retinoids
* chemotherapy * apoptosis * AIDS

Introduction

Kaposi's sarcoma (KS)' is epidemic in HIV-infected individ-
uals. A substantial proportion of homosexual males with AIDS
( 15-18%) experience clinical complications due to KS during
the course of their disease ( 1-3). Autopsy series have shown an
even higher prevalence (59-95%) in this group (4, 5). A grow-
ing body of evidence on the growth characteristics of KS cells
cultured in vitro indicates the importance of autocrine path-
ways in regulation of proliferation, including prominent roles
played by IL-6, basic fibroblast growth factor(bFGF), Oncosta-
tin M, and PDGF, as well as the HIV-l tat protein (6-14).
Therapy, including the use of vinca alkaloids, radiotherapy,
interferon-alpha, and others, alone and in combination, has
been directed towards palliation ofboth cutaneous and visceral
disease ( 15-21 ).

Retinoids are pharmacologic compounds derived from vi-
tamin A (retinol), which plays a critical role in growth, repro-
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duction, differentiation, and immune response, and may con-
tribute in limiting the growth of certain malignancies. Reti-
noids have been used in the treatment of a variety of
malignancies, including KS, with mixed results (22-26). The
effects of retinoids are mediated by two families of nuclear
retinoic acid receptors (27-30) (RAR-a, -A, -y and RxRa).
Retinoids have been shown to inhibit the growth of human
melanoma cell lines by downregulating IL-6 receptors (31),
providing a rationale for the investigation of retinoid com-
pounds as therapeutics in KS. Promising results have been ob-
tained with topical monotherapy of KS with tretinoin (32).

In this laboratory, KS cell (KSC) cultures derived from
pleural fluid and cutaneous or mucosal biopsies have been suc-
cessfully established, including KSC cell cultures from both
HIV-positive and -negative individuals. To determine the re-
sponse of these KSCcultures to retinoids, KSCwere treated
with graded concentrations of a representative panel of reti-
noids (tretinoin, isotretinoin, acitretin, and Rol 3-1470), and
inhibition of proliferation and cytotoxicity was correlated with
the effects of retinoid treatment on IL-6 and bFGF, and their
receptors.

Methods

Cell culture. KSCl was obtained from a explant of a biopsy obtained
from a young HIV-l-negative homosexual male with KS principally
involving the trunk and upper extremities. KSC2, 3, and 4 were ob-
tained from HIV-infected homosexual men by explant from biopsies
from cutaneous lesions of disseminated HIV-associated KS. All ex-
plants were grown in D-valine (GIBCO BRL, Gaithersburg, MD)
DMEMsupplemented with 10% endothelial cell-conditioned medium
and 1%Condimedam9 (Boeringer Mannheim Biochemicals, Indianapo-
lis, IN). Humanumbilical vein endothelial cells (HUVEC) were pur-
chased at passage 2 from Clonetics (San Diego, CA). The smooth mus-
cle cell line SKLMS- I and the fibroblast cell line CCD34Luwere ob-
tained from the American Type Culture Collection (Rockville, MD).
For all studies, cells were passaged using an enzymatic preparation
capable of releasing the cells from the substratum (Passage-ease; Vec-
tec, Schenectady, NY) and grown in EGM(Clonetics) that contains
2% fetal bovine serum supplemented with epidermal growth factor ( 10
ng/ml), hydrocortisone (1 tg/ml), and a bovine brain extract ( 12
ug/ml) containing heparin (10 ,g/ml) and the antibiotics gentamicin
(50 ug/ml) and amphotericin-B (50 ng/ml). Alternatively, the cells
were grown in Endothelial-serum-free media (SFM) supplied by
GIBCOBRL for the thymidine uptake assay.

Chemicals. Tretinoin (all-trans-retinoic acid); isotretinoin ( 1 3-cis-
retinoic acid); acitretin ([all-trans-9 (4-methoxy-2,3,6-trimethyl-
phenyl)-3,7-dimethyl-2,4,6,8-nonatetraenoic acid] and RO13-7410
(p-[(E)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetra methyl-2-naphthyl)-1-
propenyl] benzoic acid) were obtained from Roche Products (Dee
Why, Australia). The compounds were dissolved in DMSOat 10-2 M
and diluted in the culture media at the final dilution used. The stock
solutions were stored at -70°C protected from light and oxygen.

Apoptosis assay. Treated and controls cells were released from the
substratum using Passage-ease and fixed in 30% ethanol in PBS. Pro-
pidium iodine (PI) was added for 30 min at a concentration of 50
,gg/ml in PBS containing 0.1% Triton X-100, 0.1 mMEDTA(Na)2,
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and RNAse at 50 Mg/ml (50 U/mg). The cells were washed twice in
PBS and analyzed in a FACS®(Becton Dickinson & Co., Mountain
View, CA) using a cell cycle analysis doublet discrimination proto-
col (33).

[3H] Thymidine uptake assay. Cells (KSC, fibroblasts, smooth
muscle cells, and HUVEC) were plated in 96-well plates (previously
coated with fibronectin for KS and HUVEC) at a density of 3,000-
5,000 cells/well. The cells were maintained in endothelial serum-free
medium (GIBCO BRL) for the duration of the experiment. Controls
included endothelial-SFM, and endothelial-SFM with DMSOadded to
the same final concentration present in each corresponding dilution of
retinoid solution ( 14 mMDMSOfor I0-5 retinoid dilutions, 140 ,M
DMSOfor l0-7 retinoid dilutions, and 1.4 MMDMSOfor l0-9 reti-
noid dilutions). Acitretin, tretinoin, isotretinoin, Ro 13-7410, and
DMSOwere diluted in endothelial-SFM to obtain concentrations of
10-5, 10-7, and 10 -9 Mof each retinoid ( 14 mM, 140 MM,and 1.4IM
DMSO, respectively), and 200 Ml was added to each well. [3H]-
thymidine (specific activity, 20 mCi/ml) was added to a final concen-
tration of 2 MCi/well (0.2 MCi/ml for the HUVEC). Each experimental
condition was assayed in quadruplicate. After 2 d, the cells were rinsed
once with M199 and 200 Ml of a solution of trypsin-EDTA (GIBCO
BRL) was added to release the adherent cells from the matrix. The cells
were harvested using a Skatron harvester, and the radioactive signal
was determined by placing the filters in 5 ml of Ready-Safe cocktail
(Beckman Instruments, Fullerton, CA) followed by counting in the
tritium channel of a scintillation counter (ICN Micromedic, Hunts-
ville, AL). The resulting counts for each experimental condition were
the mean of quadruplicates. The percentage of control was obtained by
dividing the mean of a condition by the value obtained for the DMSO
control without retinoid.

PCRmRNAanalysis. Total RNAwas isolated by the method of
Chomczynski and Sacchi (34) from 3 X 106 cells and stored in the form
of an ethanol precipitate at -20°C. For DNase I treatment, 5 Ag of total
RNAwas dissolved in 100 Ml DNase digestion buffer (10 mMTris-
HCl, pH 7.4, 10 mMMgCI2, 1 mMDTT) containing 2 U/Ml RNase
free DNase I (Boehringer Mannheim Biochemicals) and 0.4 U/Ml
RNasin (Boehringer Mannheim Biochemicals), and incubated for 45
min at 37°C. RNAwas extracted once each with phenol followed by
phenol-chloroform, and precipitated with ethanol, and resuspended in
12 Ml DEPC-treated distilled water.

Template primer (1 Ml = 500 ng) oligo(dT) 12-18 (Clontech) was
added to the RNA(10 Ml) and the sample was heated to 65°C for 5 min,
and allowed to cool for 10 min to allow for primer annealing. A final
volume of 25 Ml was obtained after the addition of 12 Ml reverse tran-
scriptase buffer (50 mMTris-HCI, pH 8.3, 75 mMKCI, 3 mMMgCI2,
1 mMDTT) containing 2 U Moloney murine leukemia virus reverse
transcriptase (Boehringer Mannheim Biochemicals), 20 U RNasin
(Boehringer Mannheim Biochemicals), and 0.6 mMof each deoxyri-
bonucleoside triphosphate (dNTP). The sample was then incubated at
37°C for 1 h. Oligonucleotides were synthesized using a oligosynthe-
sizer (Pharmacia Fine Chemicals, Piscataway, NJ) and deprotected in
ammonium hydroxide and ethanol precipitated and washed before ali-
quoting and freezing at 50 pM/ml. The sequences of the gene-specific
primers and the size of the segments defined were as follows: IL-6 sense
5' atg-aac-tcc-ttc-tcc-aca-agc-gc 3', IL-6 antisense 5' gaa-gag-ccc-tca-
ggc-tgg-act-g 3', 628-bp product; a-subunit IL-6 receptor sense 5' gtt-
caa-gaa-gac-gtg-gaa-gc 3', a-subunit IL-6 receptor antisense 5' ctg-ggc-
att-tgg-aaa-gc 3', 464-bp product; bFGF sense 5' atg-gca-gcc-ggg-agc-
atc-acc-acg-3', bFGF antisense 5' tca-gct-ctt-agc-aga-cat-tgg-aag 3',
478-bp product; bFGF receptor (flg) sense 5' tct-atc-gga-ctc-tcc-cat-c
3', bFGF receptor (flg) antisense 5' aag-aac-ccc-aga-gtt-cat-g 3', 29 1-bp
product; fl-actin sense 5' cgt-ggg-gcg-ccc-cag-gca-cca-g 3', ,B-actin anti-
sense 5' ctc-ctt-aat-gtc-acg-cac-gat-ttc 3', 548-bp product. PCRs were
performed in 100-Ml volumes using a Programmable Cyclic Reactor
(Ericomp, San Diego, CA). 2 Ml of the reverse transcription reactions
was used as template. A negative control with no template and a posi-
tive control with I ,g of human genomic DNAwere included in all
reaction sets. The amplification reaction contained 2.5 U Taq DNA

polymerase (Boehringer Mannheim Biochemicals), 200 MMof each
dNTP, 100 pmol of each primer, 10 mMTris-HCl, pH 8.3, 50 mM
KCI, 1.5 mMMgCl2, and 0.1 mg/ml gelatin. The reaction mixture was
overlaid with 100 Al mineral oil and subjected to an initial denaturation
step followed by 35 cycles of 30 s at 940C, 30 s at 550C, and 1 min at
72"C, with a final 7-min extension step at 720C. Aliquots ( 12 ,l) of the
PCRproducts were subjected to electrophoresis in a 1.2% agarose gel
(FMC Bioproducts, Rockland, ME) with predigested lambda molecu-
lar weight markers and 0.5 Mg/ml ethidium bromide and visualized
under UV light.

Quantification of IL-6. IL-6 ELISA was performed on culture su-
pernatants (stored at -800C) as described by the manufacturer (R&D
Research, Minneapolis, MN). This assay uses a polyclonal capture
antibody and monoclonal antibodies for detection (35).

Results

The effect of four retinoid compounds on the proliferative re-
sponse of cultures of three KS cell strains and control cells
(endothelial cells, smooth muscle cells, and fibroblasts) was
determined by using a standard [3H]thymidine uptake assay.
All of the compounds tested, with the exception of acitretin,
inhibited the growth rate of KSCI by 50-70% at I0-5 M(Fig. 1
A). The retinoid effects were negligible at the lower concentra-
tions of l0-7 and 10-9 M. The proliferation rates of KSC2(Fig.
1 B) and KSC4 (Fig. 1 E) were also reduced, but to a lesser
extent, ranging from 20 to 90% depending on the compound
and concentration assayed. The KSC3 culture (Fig. 1 C) was
sensitive to the action of the retinoids. Both tretinoin and aci-
tretin produced > 90%inhibition of growth at nanomolar con-
centrations. A stimulatory effect on KSC3growth was seen at
the lowest concentrations tested for two of the compounds
(RO13-1470 and isotretinoin). Note that the efficacy of reti-
noids generally decreased with passage number of KSCin vitro
(see Fig. 1 C, passage 4; and Fig. 1 D, passage 6); therefore,
KSCused in subsequent experiments were all used at less than
eight in vitro passages.

To approach the question of specificity of inhibition of
KSC, the retinoids were also tested for their growth inhibitory
capabilities on other cell types. The smooth muscle cell line
SKLMS-1 (Fig. 2 A) was inhibited (up to 90%) in a fashion
similar to the (less-sensitive) KSC. Primary endothelial cells
(Fig. 2 B) were found to be strongly inhibited by retinoids. In
contrast, the fibroblast cell line CCD34lu was refractory to inhi-
bition by the retinoids tested (Fig. 2 C).

Because retinoids are bound by several serum proteins (36,
37), the effect of the presence of serum on retinoid action was
investigated. FBShad little effect on the inhibition produced by
retinoids (not shown); however, growth inhibition produced
by tretinoin was reduced from 83 to 35% by addition of 10%
heat-inactivated whole human serum to the culture medium.
The addition of 10% human serum that had been delipidized
using the methylethylketone extraction procedure (38) yielded
intermediate values (56%) of inhibition, demonstrating the
presence of an inhibitory factor(s) in normal human serum at
least partially resistant to lipid extraction.

The morphological appearance of KSCrevealed that most
of the cells in treated cultures (tretinoin at 10' M) became
detached, rounded-up, and floated in the culture medium
within 48-72 h after initiation of treatment (Fig. 3). The mor-
phology suggested the possibility that retinoids might be induc-
ing apoptosis in treated KSC. Both attached and floating cells
were analyzed for viability by trypan blue dye exclusion, and
for DNAfragmentation by PI (a DNAintercalative fluorescent
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Figure 1. Effect of retinoids on KS
cell cultures. Shown is the [3H1-
thymidine uptake of treated KSC
cultures expressed as a percentage
of the uptake of cells treated with
the corresponding concentration of
DMSO(see Methods). All assays
were performed in quadruplicate.
(A) KSC1, passage 6, derived from
an explant of a cutaneous lesion of
an HIV-1-seronegative homosexual
male; (B) KSC2, passage 6, derived
from an explant of a cutaneous le-
sion from a HIV- -seropositive sub-
ject; (C) KSC3, passage 4, (from
HIV-I-positive subject; (D) KSC3,
passage 6; (E) KSC4, passage 6.
Cells were cultured in the presence
of the stated concentrations of (. )
acitretin, (o) tretinoin, (v) isotre-
tinoin, and (A ) Rol 3-74 10. Note
the consistent inhibitory action of
tretinoin (A-E), and the effect of
additional in vitro passage on the
sensitivity of KSC3 cells (C and D).
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Figure 2. Effect of retinoids on other mesenchymal cells. Shown is the [3H]thymidine uptake of treated cell cultures as in Fig. 1. (A) Human
smooth muscle cells derived from labial leiomyosarcoma (SKLMS-1); (B) HUVEC; and (C) human lung fibroblasts (CCD34Lu). Smooth
muscle and endothelial cells display similar responses to retinoid treatment. (-) Acitretin; (o) tretinoin; (in) isotretinoin; (A) Rol 3-74 10. In
contrast, note the resistance of fibroblasts to retinoid induced inhibition of proliferation.
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Figure 3. Morphological changes induced by
retinoid treatment. KSC3 cells, passage 6, were
treated with tretinoin or DMSOalone for 48 h.
(A) Tretinoin (I 0-s M), x50; (B) DMSOcon-
trol, x50. Note rounding and detachment of cells.

dye) staining and flow cytometric analysis. While trypan blue
was excluded by > 98% of all cell populations, indicating that
the membrane was still functionally intact, PI staining revealed
a pattern of DNAfragmentation suggestive of the induction of
programmed cell death in treated KSC. The attached cell popu-
lation constituted 80% of the treated cells and 100% of the
control cells. In both treated and control cell cultures, few at-
tached cells were found to be apoptotic (4% of treated cells and
3%of control cells). In the detached cell population, represent-
ing 20% of the total treated cells, significantly more cells (22%)
were found to display staining characteristic of apoptosis.

The effects of retinoids on the expression of mRNAfor IL-6
and bFGFas well as their respective receptors were analyzed in
an attempt to correlate the growth inhibition with regulation of
cytokines and their receptors. Tretinoin at 10' Mhad no dis-
cernible effect on the level of mRNAexpression of the bFGF
receptor (Fig. 4) at 48 h, and bFGF expression was actually
elevated in KSC1 (Fig. 4, lanes 9). The pattern of effects on

IL-6 messages was slightly more complex. IL-6 expression was
clearly enhanced by tretinoin treatment in KSC1 cultures (Fig.
4, lanes 9), but only a marginal increase in IL-6 receptor mes-
sage was seen between retinoid- and DMSO-treated control
KSC3cells (Fig. 4, lanes 5 and 6). IL-6 receptor expression was
decreased in control endothelial cells when treated with treti-
noin (Fig. 4, lanes 1-3). This is made more difficult to inter-
pret in view of the lower constitutive expression of IL-6 recep-
tor in KSC3 cultures (Fig. 4, lanes 4), in comparison with
KSC1 cells (Fig. 4, lanes 7).

The level of mRNAfor IL-6 as measured by RNAPCR
correlated with the protein expression as measured by ELISA
(Fig. 5). A tretinoin concentration of 10-6 Mwas used to pre-
vent extensive cell death, although effects on the morphology
of the cells could readily be seen at this concentration. An in-
crease in IL-6 production was noted in retinoid-treated KSC1.
This cell culture, derived from an HIV-negative individual, is
not a high producer of IL-6, a hallmark of KS cell culture in
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Figure 4. Analysis of cytokine and cytokine receptor mRNA. Total
RNAwas isolated from 3 X 106 cells, treated with RNAase-free
DNAase, and reverse transcribed and amplified by PCRwith the re-
spective primer pairs (35 cycles) as described in Methods. Products
were analyzed by agarose gel electrophoresis and ethidium bromide
staining as shown. All reactions were performed at least in duplicate,
and similar results were obtained in analysis of independent experi-
ments. Lanes M, molecular weight markers (pBR328 BglI/Hinf I di-
gested, bands of 2176, 1766, 1230, 1033, 653, 517, 453, 394, 298,
234/220; 154 bp). Lanes 1-3, HuVECp4; lanes 4-6, KSC3; lanes
7-9, KSC1; lanes 1, 4, and 7, control cells (neither DMSOnor tre-
tinoin); lanes 2, 5, and 8, DMSO(equivalent dilution = 1.4 mM/48
h)-treated control; lanes 3, 6, and 9, tretinoin treated (10-6 M/48
h). The level of mRNAfor actin (ACTIN panel) was used to provide
a crude estimate that sufficient amounts of input RNAwere used for
each sample.

general. The response of these cells to retinoids, with respect to
IL-6 production, appeared to be similar to those of fibroblasts
(not shown). The production of IL-6 message in endothelial
control cell cultures (HUVEC) was inhibited by the tretinoin
treatment, while the constitutive production of IL-6 by KSC3
and KSC4 remained unaffected by retinoid treatment.

Discussion
The present study revealed that some KSCare relatively sensi-
tive to the action of retinoids, while others are no more sensi-
tive to inhibition by retinoids than normal endothelial or
smooth muscle cells. Concentrations as low as 10-9 Mwere
sufficient to significantly inhibit the growth of early passage
KSC2, a concentration that is pharmacologically achievable
with oral systemic therapy. More rapidly dividing early passage
KS cells were found to be more sensitive to retinoids, suggest-
ing that KSCmay actually be quite susceptible to inhibition by
retinoids in vivo. Further studies are needed to more defini-
tively address the effect of in vitro passage on KScell responses.

Antiproliferative effects observed on endothelial cells (HU-
VEC) and the smooth muscle cells (SKMLS- I) may be of little
consequence therapeutically, as the growth of these cells is very
tightly regulated in vivo. The lack of effect of retinoid treat-
ment on the growth of lung fibroblasts (CCD34Lu) maybe due
to differential expression of nuclear retinoid receptors, or an
interaction with other specific factor(s) present in these cells.

Figure 5. IL-6 Production by KS cells treated with tretinoin. A com-
mercial EIA (R&D Systems) was used to determine the concentra-
tions of IL-6 produced by KSC3, KSCl, and HUVEcell cultures in
the presence of serum-free endothelial cell medium alone (Control,
left), DMSOcontrol (middle), and tretinoin (1 0-6 M, right). (D)
HUVEC; (-) KSC3; (a) KSCI.

A distinct IL-6 phenotype was observed in KSC3, a KSC
derived from an HIV-positive individual, compared with
KSC1 (derived from an HIV-negative homosexual man with
KS) and KSC4 (derived from an explant of another HIV- I -pos-
itive individual). The KSC3 culture constitutively produced
significantly more IL-6 than KSC1, and while IL-6 expression
was increased by retinoid treatment in KSC1, it was slightly
reduced in KSC3 cells treated with tretinoin. IL-6 production
remained unaffected by tretinoin ( l0-5 M) treatment. This
finding suggested the possibility that the importance of the IL-6
autocrine pathway might differ between KS cultures derived
from different individuals.

The antiproliferative effect of retinoids on KSC did not
appear to be mediated by the downregulation of IL-6 or bFGF,
two of the main cytokines involved in the pathogenesis of KS
(7, 8, 13). In addition, the analysis of the receptor expression
for IL-6 as well as bFGF revealed no alteration by retinoids
despite a substantial decrease in proliferative rate. The antipro-
liferative effects of retinoids may be due to alterations in ex-
pression of a number of other cytokines or receptors, possibly
including uncoupling of oncostatin Mproduction from the
IL-6 autocrine pathway or upregulation of TGF-f,, a natural
growth inhibitor of endothelial cell proliferation, or expression
of TGF-,3 receptors (39). Retinoids ( l0-5 M) induced apopto-
sis in KSC, consistent with induction of programmed cell death
by withdrawal of growth factor(s).

A careful correlation of the clinical response of KS to treat-
ment with topical or systemic retinoids with in vitro sensitivity
would appear to be of value in discerning the mechanism of
action of retinoids against KS in vivo. In addition, the efficacy
of the treatment might be increased if in vitro testing could
identify compounds with a greater potential therapeutic index
(specificity for KSC) or compounds that are not inhibited by
factors present in plasma or serum. The action of retinoids
combined with other drugs in vitro is another area for future
investigation that may have therapeutic implications. In this
regard, the combination of retinoid treatment with antisense
oligodeoxynucleotides directed against IL-6 or bFGF, antian-
giogenic agents (e.g., the sulfated polyglycan SPPG), or with
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certain chemotherapeutic agents such as etoposide or bleomy-
cin (where retinoids have been shown to increase cytotoxicity
in RA-sensitive cells, but decrease the efficacy of these drugs in
RA-resistant cells (40) may be of interest.
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