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Abstract The effects of retinoids including all-trans-retinoic acid (ATRA), 13-cis-retinoic acid (13CRA),
and N-(4-hydroxyphenylretinamide (4-HPR) on several cervical carcinoma cell lines in culture were
investigated as a prelude to investigating the mechanisms underlying the chemopreventive potential
of retinoids in cervical cancer. We found that when used at a concentration of 1 uM, 13CRA and ATRA
inhibited the proliferation of three cell lines (ME-180 [HPV 68], SiHa [HPV 18], and HT-3 [HPV]) by
about 80% after a seven-day treatment. Three other cell lines (MS-751 [HPV 18}, HeLa {HPV 18], C-33A
[HPV™]) were moderately inhibited (30-48%), and two (C-4 II [HPV 18], CaSki [HPV 16]) responded
poorly (< 25% inhibition). 4-HPR failed to inhibit the growth of any of these cell lines when used at
1 nM; however, when used at 5 or 10 pM, it induced apoptosis as evidenced by DNA fragmentation
in several of the cell lines and was more potent in this effect than 10 pM ATRA. Retinoids that induce
apoptosis in malignant cells may be able to exert similar effects on premalignant cells. Such retinoids
would be expected to exhibit greater potency as chemopreventive agents than retinoids that exert only
cytostatic effects. ~ © 1995 Wiley-Liss, Inc.
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Cervical carcinoma is the second most pre-
valent cancer in women worldwide and a
leading cause of mortality among relatively
young women in developing countries. World-
wide in 1989, there were an estimated 500,000
cases, with an overall 5-year survival of 40% [1].
Yet the problem is not unique to developing
countries. Despite advances in diagnosis and
therapy, the morbidity and mortality from this
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malignancy are still high. In the U.S. alone, 1995
will see an estimated 65,000 new cases of car-
cinoma in situ (CIS), 15,800 new cervical cancer
cases, and 4,800 deaths [2].

Cervical carcinoma is thought to develop
through a multistep process in which premalig-
nant dysplastic lesions (cervical intraepithelial
neoplasia, or CIN) of increasing severity (ie.,
CIN I, CIN 1II, and CIN III) progress to CIS and
eventually to invasive cancer [1,3]. Because CIN
can often be detected several years (> 10) before
invasive cancer, cervical cancer is eminently
suited for prevention [1].

Chemoprevention with retinoids is one ap-
proach to preventing cervical cancer. Reti-
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noids are essential for the proper differentia-
tion of most epithelial tissues [4]. Deficiency in
vitamin A can lead to squamous metaplasia [4],
and epidemiologic studies have shown an
inverse relationship between dietary intake or
serum levels of vitamin A and the development
of certain malignancies including cervical dys-
plasia and/or cervical cancer [5]. Retinoids have
already been used in several clinical trials to pre-
vent cervical cancer. A Phase II trial of all-trans-
retinoic acid (ATRA) delivered locally to the
cervix resulted in a complete clinical response
rate of 50% [6]. A randomized Phase III trial
with a short course of topically applied ATRA
demonstrated an increase in the complete histo-
logic regression rate of CIN II from 27% in the
placebo group to 43% in the treatment group;
however, no treatment difference between the
two arms was evident in the severe dysplasia
group {7]. In yet another trial, although severe
dysplasias failed to respond to short-term treat-
ment with ATRA, advanced stage cancers re-
gressed markedly after treatment with 13-cis-
retinoic acid (13CRA) in combination with inter-
feron-a [8]. These studies all demonstrated the
potential of retinoids in prevention of cervical
cancer.

Unfortunately, prolonged use of ATRA or
13CRA has significant side effects, but there are
synthetic retinoids that exhibit fewer side effects.
One of these retinoids is N-(4-hydroxyphenyl)-
retinamide (4-HPR). In animal models, 4-HPR
was found to be effective alone or in combina-
tion with tamoxifen against breast, bladder, lung,
and prostate cancer [9,10]. This retinoid also
exhibited antiproliferative effects against fresh
human tumors in an in vitro colony formation
assay [11], and therapeutic effects against breast,
prostate, and ovarian cancer in rodents [12-14].
Various clinical chemoprevention trials are in
progress to test the effects of 4-HPR in breast
[15] and preneoplastic oral leukoplakia [16].
Furthermore, it was recently reported that 4-HPR
may prevent ovarian cancer [17] and suppress
the growth of ovarian cancer xenografts in nude
mice [14]. These preclinical and clinical activities
of 4-HPR have raised our interest in using this
retinoid for chemoprevention of cervical car-
cinogenesis. As a prelude to our Phase II clinical
trial of 4-HPR in patients with CIN, we exam-
ined the effects of ATRA, 13CRA, and 4-HPR on
several established human cervical carcinoma cell

lines, and found that 4-HPR was more potent
than the natural retinoic acids in inducing apop-
tosis in some of the cell lines.

MATERIALS AND METHODS
Cell Culture and Retinoic Acid Treatment

The human cervical carcinoma cell lines
MS-751, C-4 11, HeLa, C-33A, CaSki, SiHa, and
HT-3 were purchased from the American Type
Culture Collection (Rockville, MD). The ME-180
cells were obtained from Dr. Nicholas Donato
(M.D. Anderson Cancer Center, Houston, TX).
All cells were maintained in a 1:1 mixture of
Dulbecco's modified Eagle's medium:Ham's F12
medium (DMEM/F12) supplemented with 10%
fetal bovine serum. 4-HPR was obtained from
Dr. Ronald Lubet (Division of Cancer Prevention
and Control, National Institutes of Health,
Bethesda, MD) via Ogden Bioservices, Inc. (Rock-
ville, MD). ATRA and 13CRA were obtained
from Dr. Werner Bollag (F. Hoffmann-La Roche,
Basel, Switzerland). The retinoids were dissolved
in dimethylsulfoxide (DMSO) at a concentra-
tion of 10 mM and diluted in growth medium
immediately before addition to cell cultures.
Control cultures received the same amount of the
solvent as did the treated cuitures.

Assay of Growth Inhibition

Cells were plated in 48-well tissue culture
plates in DMEM/F12 with 10% fetal bovine
serum and the appropriate supplements (0.01%
DMSO as control solvent; 1 pM retinoid) on day
1 and day 3, and the experiments were termi-
nated on day 6. Growth inhibition was deter-
mined using calcein-AM, a polyanionic molecule
that is fluorescent within viable cells (Molecular
Probes, Eugene, OR). The fluorescence of cells in
control cultures (Fc) and in treated cultures (Ft)
were measured using a fluorescent plate scanner
(Cytofluor Corp., Bedford, MA) connected to an
NEC Power Mate 386/33i computer and an NEC
Pinwriter printer. The data were gathered, then
used to calculate growth inhibition according to
the equation, % Inhibition = (1-Ft/Fc) x 100. The
optimal concentration of calcein-AM that gives a
linear fluorescence with increase in cell number
in the range of 50 to 100,000 cells was deter-
mined for each of the cell lines.
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DNA Extraction and Gel Electrophoretic
Analysis of DNA Fragmentation

Soluble DNA was extracted as described pre-
viously [18]. In brief, after a 7-day incubation
with solvent only, 10 pM ATRA, or 10 pM
4-HPR, the cell cultures were processed as fol-
lows. Cells floating in media were collected by
centrifugation; the cells that remained attached to
the dish were resuspended in Tris-EDTA buffer
(TE), pH 8.0. The plasma membranes of the cells
were lysed in 10 mM Tris-HCl (pH 8.0), 10 mM
EDTA, 0.5% Triton X-100 on ice for 15 min. The
lysate was centrifuged at 12,000 x g for 15 min to
separate soluble (fragmented) from pellet (intact
genomic) DNA. Soluble DNA was treated with
RNase A (50 pg/ml) at 37°C for 1 hr, followed
by treatment with proteinase K (100 pg/ml) in
0.5% SDS at 50°C for 2 hr. The residual material
was extracted with phenol/chloroform, precipi-
tated in ethanol, and electrophoresed on a 2%
agarose gel.

Quantitative DNA Fragmentation Assay

The percentage of apoptotic cells was evalu-
ated by a modification of the quantitative assay
described by Wright et al. [19]. Cells (1 x 10°/
well) were labeled with [PH]thymidine (64 Ci/
mmol; 1 nCi/10° cells) for 20 hr in 24-well tissue
culture plates. The cells were washed three times
with 2 ml of complete medium and then incu-
bated for 4-6 additional hours, followed by
treatment with 10 pM ATRA or 10 pM 4-HPR for
24 hr. At the end of the incubation, medium con-
taining the floating cells was separated into
supernatant (cpm in medium) and pellet (cpm in
floating cells) after centrifugation at 5,000 x g for
5 min. Both fractions were analyzed by scintil-
lation counting. Attached cells were harvested by
trypsinization, resuspended, and lysed in 500 yl
of lysis buffer (10 mM EDTA, 0.5% Triton X-100
[TX-100] in 10 mM Tris-HC], pH 8.0) on ice for
15 min. Intact chromatin in the insoluble fraction
was separated from fragmented DNA in the
TX-100 fraction by centrifugation at 12,000 x g
for 15 min. The pellet was dissolved in 500 pl of
1% SDS. Both TX-100 lysate (cpm in TX-100
fraction) and the SDS-solubilized pellet (cpm in
SDS fraction) were then counted in a scintillation
counter. Percent DNA release in total cells and

adherent cells, respectively, was calculated as
follows:

The amount of unincorporated [*H]thymidine
in the soluble fraction of attached cells was neg-
ligible, judging from the measurement made
after the soluble DNA in this fraction was pre-
cipitated in ethanol.

RESULTS

Differential Growth Inhibitory Effects of
Retinoids on Cervical Carcinoma Cell Lines

The peak plasma levels of ATRA, 13CRA, and
4-HPR are about 1 pM in patients receiving oral
retinoids. When established cervical carcinoma
cell lines were treated with these retinoids at
1pM, their growth was suppressed to varying
degrees (Table I). ATRA and 13CRA exhibited
comparable activity and inhibited the growth of
ME-180, SiHa, and HT-3 cells by about 80%, the
growth of MS-751, HeLa, and C-33A cells by
30-48%, and the growth of C-4 II and CaSki cells
by less than 24%. In contrast, 4-HPR was mostly
inactive. There appeared to be no correlation
between the presence or type of HPV in the cells
and their response to retinoids.

Differential Induction of Apoptosis by
Retinoids in Cervical Carcinoma Cell Lines

Tissue levels of retinoids may be higher than
peak plasma levels due to the tendency of some
retinoids to accumulate in cells, especially in
fatty tissues. For example, the level of 4-HPR in
the nipple discharge of women treated with
200 mg/day was about 30 pM, or 30 times high-
er than the peak plasma level [20]. Recently, it
was reported that 4-HPR (at doses > 3 pM)
induced apoptosis in hematopoietic malignancies
[21] and in neuroblastoma cells [22]. This
prompted us to examine whether cervical carci-
noma cells exposed to 10 pM of either ATRA or
4-HPR undergo apoptosis measured by DNA
fragmentation. Table I shows that some of the
cell lines (e.g., C-4 II, C-33A, and CaSki) undergo
spontaneous apoptosis. 4-HPR induced or in-
creased apoptosis in five of the eight cell lines
tested, had no effect on one cell line, and de-
creased apoptosis in two cell lines. In contrast,
ATRA increased apoptosis in only one cell line
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TABLE L Characteristics of Human Cervical Carcinoma Cell Lines
and Their Responses to the Growth Inhibitory Effects of Retinoids

Cell Age (Yr) Papilloma % _Growth Inhibition® Apoptosis?

Line Race” Virus®  13CRA ATRA 4-HPR C ATRA  4-HPR
ME-180° 66/C HPV 68 84 83 16 - - +
MS-751  47/C HPV 18 47 42 8 + + +
C-411 41/C HPV 18 18 21 11 ++ ++ ++
Hela 31/B HPV 18 48 45 17 + + +
C-33A 66/C ND 36 30 9 +++ +++ NA
CaSki* 40/C HPV 16 24 16 6 ++ ++ -
SiHa 55/M HPV 16 82 77 16 - - ++
HT-3 58/C ND 86 74 21 - + NA

*C, Caucasian; B, Black; M, Mongoloid; YHPV, human papilloma virus; ND, not detected; “All retinoids were
used at a concentration of 1 pM; growth inhibition was determined after 6 days; “The retinoids were used at
a concentration of 10 y; floating and adherent cells were analyzed for DNA ladder formation after a 7-day
incubation. C, control solvent alone; -, no visible DNA ladder; +, barely discernible DNA ladder; +,++, and
+++, increasingly more visible DNA ladder. For example, in Figure 1, the last two lanes were scored + and
++, respectively. NA, apoptosis so intensive that all of the cells died and were unavailable for analysis;

“Derived from metastasis

(HT-3) and failed to alter apoptosis in the other
seven cell lines (Table I).

Differential Induction of DNA Fragmentation
in Cervical Carcinoma Cells

The induction of apoptosis in SiHa cells by
4-HPR is shown in Figure 1. DNA fragmentation,
a hallmark of apoptosis [19], was detected in
floating cells and adherent cells after seven days
of culture in the presence of 10 M 4-HPR, but
not in cells treated with the same concentration
of ATRA. A more sensitive assay that measures
solubilization of DNA in cells prelabeled with
[PH]thymidine revealed that 4-HPR increased the
fraction of soluble DNA about 5-fold relative to
control cultures after 24 hr of treatment (Table
ID. In contrast, 13CRA was ineffective.

DISCUSSION

We found that at 1 pM, ATRA and 13CRA
were potent inhibitors of proliferation of several
of the cell lines examined, whereas 4-HPR was a
poor growth inhibitor at the same concentration.

CONTROL ATRA 4HPR

2 577A 2 5 77A2 5 77TA

Fig. 1. Induction of apoptosis in SiHa cervical carcinoma
cells by 4-HPR but not by ATRA. After reaching 80% con-
fluence, celis were treated with DMSO (CONTROL), 10 yM
ATRA, or 10 pM 4-HPR. Cells floating in the culture me-
dium after 2, 5, and 7 days of treatment (lanes marked 2,
5, and 7, respectively) and adherent cells after 7 days (lane
marked 7A) were collected, and soluble DNA from each
cell fraction was extracted and electrophoresed on a 2%
agarose gel. The gel was then stained with ethidium bro-
mide and photographed under UV light.

However, at 10 pM, 4-HPR was a potent inducer
of apoptosis, whereas ATRA did not exhibit this
effect on most of the cell lines. This is the first
report on the ability of 4-HPR to induce apop-
tosis in human cervical carcinoma cells in cul-
ture.
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TABLE II. DNA Fragmentation in PH]Thymidine
Labeled SiHa Cells Treated with 4-HPR or 13CRA

% DNA Release®

Treatment Total Cells Adherent Cells
Control 49+1.0 20102
4-HPR 220+£79 122151
13CRA 3506 1.3+04

7 g, DNA release was calculated as described in
Materials and Methods.

Previous studies have shown that ATRA can
induce apoptosis in mouse embryo limb buds
[23], in HL-60 myeloid leukemia cells subsequent
to their differentiation into granulocytes [24], in
P39 myelomonocytic leukemia cells [25], and in
neuroblastoma cells [26]. ATRA's mechanism of
apoptosis induction in HL-60 myeloid leukemia
and in neuroblastoma cells, and possibly other
cells, has been related to induction of tissue
transglutaminase [26,27] and suppression of bcl-2
{28]. The mechanism by which 4-HPR induces
apoptosis is not clear, but it appears to be dis-
tinct from that of ATRA because the effects of
4-HPR were noticed within a few hours as
opposed to a few days for ATRA [21]. Further-
more, 4-HPR was able to induce apoptosis in
HL-60 cells that were resistant to ATRA [21].
Our results showed a rapid induction of apop-
tosis by 4-HPR within 24 hr and a lack of effi-
cacy of ATRA in the cervical cancer cells. ATRA
is thought to act by binding to nuclear retinoic
acid receptors and activating gene transcription
by means of retinoic acid response element [29].
The finding that ATRA is not as effective as
4-HPR in inducing apoptosis in cervical carci-
noma cells suggests that 4-HPR-induced apop-
tosis may be mediated by another pathway.

Apoptosis is a physiological form of program-
med cell death that maintains homeostasis in tis-
sue mass and architecture during development
and cellular immune responses by eliminating
cells. Initiated in response to a variety of external
and intracellular signals, this process is charac-
terized by cell shrinkage, chromatin condensa-
tion, nuclear segmentation, and internucleosomal
degradation of DNA [18,19,30-35]. Apoptosis can
protect the organism against heritable genotypic
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Fig. 2. A schematic representation of cancer development
and the role of apoptosis and retinoids in cancer preven-
tion. Cells exposed to a genotoxic agent that causes DNA
damage are either restored to normalcy after DNA- repair
or eliminated by apoptosis (l). However, if the DNA-
damaged cells replicate before the damage is repaired,
then the damaged DNA is replicated, which can result in
mutations. The resulting initiated cell can proliferate and
form a premalignant lesion that can undergo promotion to
cancer. The ability of the retinoid 4-HPR to induce apop-
tosis in cancer cells (V) has been demonstrated. The hypo-
thetical potential of 4-HPR to enhance apoptosis of
DNA-damaged cells (1), initiated cells (1l), or premalignant
cells (1ll and IV) may explain the demonstrated ability of
this retinoid to suppress carcinogenesis in a variety of ani-
mal models and a few human premalignancies.

changes in cells linked to mutagenesis and car-
cinogenesis [32-35]. Consequently, activation of
apoptosis in cells at risk of undergoing neo-
plastic transformation (e.g., DNA damaged cells)
may constitute a physiological mechanism to
protect the organism from cancer development
by eliminating cells that might otherwise rep-
licate the damaged DNA, a process that may
lead to mutations and eventually to cancer. Thus,
loss of the ability to undergo apoptosis is asso-
ciated with cancer development and induction of
apoptosis with its prevention [32-37]. Indeed, it
has been shown that tumor promotion can be
suppressed when apoptosis is induced by with-
drawal of tumor promoters [36] or by treatment
with S-adenosyl-L-methionine [37].

Eliminating tumor cells by inducing apoptosis
is a promising approach to cancer therapy [38].
We have demonstrated that 4-HPR can induce
apoptosis in malignant cervical carcinoma cells;
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hence, it may have some effectiveness in cancer
therapy. Although the mechanism of 4-HPR
action is unknown, recent reports [21,22, this
report] suggest that its activity in several chemo-
prevention trials may be the result of apoptosis
induction. 4-HPR is able to induce apoptosis in
fully malignant cells (Fig. 1 and Table I) that
have deviated considerably from normalcy. It is
tempting to speculate that this retinoid can also
induce apoptosis in cells with minimal or smaller
deviations, such as cells with DNA damage
(Fig. 21), initiated cells (Fig. 2II), or premalignant
cells (Figs. 2III and IV). The notion that some
retinoids may be effective in chemoprevention by
inducing apoptosis is intriguing because, as
shown in Figure 2, one could explain the inhi-
bition of carcinogenesis by retinoids in terms of
their inhibition of the proliferation of DNA-
damaged cells, initiated cells, or premalignant
cells. Now, induction of apoptosis can be added
to the list of possible mechanisms of carcino-
genesis inhibition by some retinoids. Eliminating
premalignant cells by apoptosis could be more
effective than suppressing proliferation because
it may cause the preneoplastic lesion to disap-
pear rather than inhibiting its growth. Further-
more, by enhancing apoptosis in slowly prolif-
erating tissues, a cancer-preventive retinoid
could be more effective than if it only inhibited
cell proliferation [34]. Previous clinical trials have
shown that 4-HPR is less toxic than most reti-
noids. This report and recent reports by others
show that 4-HPR can also induce apoptosis more
effectively than other retinoids; it also has the
potential to be an effective agent for preventing
cancer, including cervical cancer.

ACKNOWLEDGMENTS

This work was supported in part by U.S.
Public Health Service grant P30 CA16672-18 and
National Cancer Institute contract NOI1-CN-
25433-01.

REFERENCES

1. Mitchell MF, Hittelman W, Hong WK, Lotan R,
Schottenfeld D: The natural history of cervical intra-
epithelial neoplasia: An argument for intermediate
endpoint biomarkers. Cancer Epidemiol Biomarkers
Prev 3:619-626, 199%4.

2. Wingo PA, Tong T, Bolden S: Cancer statistics, 1995.

10.

11.

12.

13.

14.

15.

16.

CA Cancer J Clin 45:8-30, 1995.

Ostor AG: Natural history of cervical intraepithelial
neoplasia: A critical review. Int ] Gynecol Pathol
12:186-192, 1993.

Wolbach SB, Howe PR: Tissue changes following
deprivation of fat-soluble A vitamin. | Exp Med
42:753-778, 1925.

Hong WK, Itri LM: Retinoids and human cancer. In
Sporn MB, Roberts AB, Goodman DS (eds): "The
Retinoids." New York: Raven Press, 1994, pp 597-
658.

Graham V, Surwit EA, Weiner 5, Meyskens FL:
Phase II trial of B-all-trans retinoic acid for intra-
epithelial cervical neoplasia delivered via a collagen
sponge and cervical cap. West ] Med 145:2, 1986
(abstract).

Meyskens FL, Surwit E, Moon TE, Childers JM,
Davis JR, Dorr RT, Johnson CS, Alberts DS:
Enhancement of regression of cervical intraepithelial
neoplasia 11 (moderate dysplasia) with topically
applied all-trans-retinoic acid: A randomized trial.
J Natl Cancer Inst 86:539-543, 1994.

Lippman 5M, Kavanagh J], Paredes-Espinoza M, Del-
gadillo-Madrueno F, Paredes-Casillas P, Hong WK,
Holdener E, Krakoff IH: 13-cis-Retinoic acid plus
interferon-o2a: Highly active systemic therapy for
squamous cell carcinoma of the cervix. ] Natl Cancer
Inst 84:241-245, 1992.

Moon RC, Mehta RG: Chemoprevention of experi-
mental carcinogenesis in animals. Prev Med 18:576—
591, 1989.

Pollard M, Luckert PH, Sporn MB: Prevention of
primary prostate cancer in Lobund-Wistar rats by
N-(4-hydroxyphenyl)retinamide. Cancer Res 51:3610-
3611, 1991.

Meyskens FL, Alberts DS, Salmon SE: Effect of 13-cis-
retinoic acid and 4-hydroxyphenyl-all-trans-retin-
amide on human tumor colony formation in soft
agar. Int J Cancer 32:295-299, 1983.

Dowlatshahi K, Mehta RG, Thomas CF, Dinger NM,
Moon RC: Therapeutic effect of N-(4-hydroxy-
phenyDretinamide on N-methyl-N-nitrosourea
induced rat mammary cancer. Cancer Lett 47:187-
192, 1989.

Pienta K], Nguyen NM, Lehr JE: Treatment of pros-
tate cancer in the rat with the synthetic retinoid fen-
retinide. Cancer Res 53:224-226, 1993.

Formelli F, Cleris L: Synthetic retinoid fenretinide is
effective against a human ovarian carcinoma xeno-
graft and potentiates cisplatin activity. Cancer Res
53:5374-5376, 1993.

Costa A, Formelli F, Chiesa F, Decensi A, De Palo G,
Veronesi U: Prospects of chemoprevention of human
cancers with the synthetic retinoid fenretinide. Can-
cer Res (Suppl) 54:2032s5-2037s, 1994.

Chiesa F, Tradati N, Marazza M, Rossi N, Boracchi
P, Mariani L, Formelli F, Giardini R, Costa A, De
Palo G, Veronesi U: Fenretinide (4-HPR) in chemo-
prevention of oral leukoplakia. J Cell Biochem 17F
(Suppl): 255-261, 1993.



86

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Oridate et al.

De Palo G, Veronesi U, Camerini T, Formelli F,
Mascotti G, Boni C, Fosser V, Del Vecchio M, Campa
T, Costa A, Marubini E: Can fenretinide protect
women against ovarian cancer? ] Natl Cancer Inst
87:146-147, 1995.

Bissonnette RP, Echeverri F, Mahboubi A, Green DR:
Apoptotic cell death induced by c-myc is inhibited by
bcl-2. Nature 359:552-554, 1992.

Wright SC, Kumar F, Tam AW, Shen N, Varma M,
Larrick JW: Apoptosis and DNA fragmentation pre-
cede TNF-induced cytolysis in U937 cells. J Cell
Biochem 48:344-355, 1992.

Formelli F, Clerici M, Campa T, Di Mauro MG,
Magni A, Mascotti G, Moglia D, De Palo G, Costa A,
Veronesi U: Five-year administration of fenretinide:
Pharmacokinetics and effects on plasma retinol con-
centrations. | Clin Oncol 11:2036-2042, 1993.

Delia D, Aiello A, Lombardi L, Pellici PG, Grignani
F, Formelli F, Menard S, Costa A, Veronesi U,
Pierotti MA: N-(4-Hydroxyphenylretinamide induces
apoptosis of malignant hemopoietic cell lines in-
cluding those unresponsive to retinoic acid. Cancer
Res 53:6036-6041, 1993.

Mariotti A, Marcora E, Bunone G, Costa A, Veronesi
U, Pierotti MA, Della Valle G: N-(4-Hydroxyphenyl)
retinamide: A potent inducer of apoptosis in human
neuroblastoma cells. ] Natl Cancer Inst 86:1245-1247,
1994.

Jiang H, Kocchar DM: Induction of tissue trans-
glutaminase and apoptosis by retinoic acid in the
limb bud. Teratology 46:333-340, 1992.

Martin S, Bradley JG, Cotter TG: HL-60 cells induced
to differentiate towards neutrophils subsequently die
via apoptosis. Clin Exp Immunol 79:448-453, 1990.
Anzai N, Kawabata H, Hirama T, Masutani H,
Ohmori M, Yoshida Y, Okuma M: Marked apoptosis
of human myelomonocytic leukemia cell line P39:
Significance of cellular differentiation. Leukemia
8:446-453, 1994.

Piacentini M, Annicchiarico-Petruzzelli M, Qliverio
S, Piredda L, Biedler J1, Melino E: Phenotype-specific
"tissue” transglutaminase regulation in human neuro-
blastoma cells in response to retinoic acid: Corre-
lation with cell death by apoptosis. Int ] Cancer
52:271-278, 1992.

Davies PJA, Stein JP, Chiocca EA, Basilon JP, Gentile

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

V, Thomazy V, Fesus L: Retinoid-regulated expres-
sion of transglutaminases: Links to the biochemistry
of programmed cell death. In Morriss-Kay G (ed):
"Retinoids in Normal Development and Terato-
genesis.” Oxford, England: Oxford University Press,
1992, pp 249-263.

Chomienne C, Barbey S, Balitrand N, Degos L, Sachs
L: Regulation of bcl-2 and cell death by all-trans-
retinoic acid in acute promyelocytic leukemic cells.
Proc Am Assoc Cancer Res 33:41, 1992.

Lotan R, Clifford JL: Nuclear receptors for retinoids:
Mediators of retinoid effects on normal and malig-
nant cells. Biomed Pharmacother 45:145-156, 1990.
Williams GT, Smith CA: Molecular regulation of
apoptosis: Genetic controls on cell death. Cell 74:777-
779, 1993.

Kerr JF, Wyllie AH, Currie AR: Apoptosis: A basic
biological phenomenon with wide-ranging impli-
cations in tissue kinetics. Br J Cancer 26:239-257,
1972.

Raff M: Social controls on cell survival and cell
death. Nature 356:397-400, 1992.

Harrington EA, Fanidi A, Evan GI: Oncogenes and
cell death. Curr Opin Genet Dev 4:120-129, 1994.
Thompson HJ, Strange R, Schedin PJ: Apoptosis in
the genesis and prevention of cancer. Cancer Epi-
demiol Biomarkers Prev 1:597-602, 1992.

Isaacs JT: Role of programmed cell death in carci-
nogenesis. Environ Health Perspect (Suppi 5):27-33,
1993.

Bursch W, Lauer B, Timmermann-Trosiener I, Barthel
G, Schuppler ], Schulte-Hermann R: Controlled death
(apoptosis) of normal and putative preneoplastic cells
in rat liver following withdrawal of tumor pro-
moters. Carcinogenesis 5:453-458, 1984.

Garcea R, Daino L, Pascale R, Simile MM, Puddu M,
Frassetto S, Cozzolino P, Seddaiu MA, Gaspa L, Feo
F: Inhibition of promotion and persistent nodule
growth by S-adenosyl-L-methionine in rat liver car-
cinogenesis: Role of remodeling and apoptosis. Can-
cer Res 49:1850-1856, 1989.

Dive C, Wyllie AH: Apoptosis and cancer chemo-
therapy. In Hickman JA, Tritton TT (eds): "Frontiers
in Pharmacology: Cancer Chemotherapy.” Oxford,
England: Blackwell Scientific, 1993, pp 21-56.





