responding decline in growth. The ret-

; o inoid-mediated degradation of cyclin
Cyclin D1 Proteolysis: a D1 was blocked by cotreatment with

Retinoid Chemoprevention calpain inhibitor I. Conclusions: Reti-

Signal in Normal, noid-dependent cyclin D1 proteolysis is
Immortalized. and a common chemoprevention signal in
’ normal and neoplastic human bronchi-

Transformed Human al epithelial cells. In contrast, carot-
Bronchial Epithelial Cells enoids did not affect cyclin D1 expres-

sion. Thus, the degradation of cyclin D1
Jay O. Boyle, John Langenfeld, is a candidate intermediate marker for

Fulvio Lonardo. David Sekula petereffective retinoid-mediated cancer che-

: : moprevention in the aerodigestive
Reczek, Valerie Rusch, Marcia . tract. [J Natl Cancer Inst 1999;91:

Dawson, Ethan Dmitrovsky 373-9]

Background: Retinoids (derivatives of Lung cancer is the leading cause of
vitamin A) are reported to reduce the cancer mortality for men and women in
occurrence of some second primary the United States. Because curative
cancers, including aerodigestive tract therapy for disseminated non-small-cell
tumors. In contrast, B-carotene does lung cancer does not yet exist, effective
not reduce the occurrence of primary chemoprevention of lung cancer in pa-
aerodigestive tract cancers. Mecha- Uents with prior tobacco exposure would
nisms explaining these effective reti- have a major impact on reducing lung
noid and ineffective carotenoid chemo- ¢ancer mortality. Retinoids, natural and
prevention results are poorly defined. Synthetic derivatives of vitamin A, have
Recently, the alltrans-retinoic acid N Vitro andin vivo chemoprevention ac-
(RA)-induced proteolysis of cyclin D1 tivities. Clinical trials have shown that
that leads to the arrest of cells in G retinoids are active in treatment of some
phase of the cell cycle was described in S€cond cancers. Treatment with dis-
human bronchial epithelial cells and is retinoic acid (13eis-RA) has reduced sec-
a promising candidate for such a ©nd aerodigestive tract cancers in patients &
mechanism. In this study, we have in- with previously resected head and neck &

vestigated this proteolysis as a common c@ncergl). Treatment with retinyl palmi-
signal used by carotenoids or receptor- taté has reduced second primary lung can-
selective and receptor-nonselective ret- Cers in patients who have had completely
inoids. Methods: We treated cultured eSected lung cance(8). An acyclic ret-
normal human bronchial epithelial inoid, polyprenoic acid, inhibited devel-

cells. immortalized human bronchial °Pment of second hepatocellular carcino-
epithelial cells (BEAS-2B), and trans- Mas in patients with resected or ablated

formed human bronchial epithelial
cells (BEAS-2B k) with receptor-
Se!eCt'Ve O.I’ receptor-n_onselectlve 'fet" Affiliations of authors:J. O. Boyle (Laboratory of
noids or with carotenoids and studied molecular Medicine and Head and Neck Service), J.
the effects on cell proliferation by Langenfeld (Laboratory of Molecular Medicine and
means of tritiated thymidine incorpo- Thoracic Surgery Service), F. Lonardo (Laboratory
ration and on Cyc“n D1 expressu)n by of Molecular Medicine and Department of Pathol-
means of immunoblot analysis. We also °9Y): D- Sekula (Laboratory of Molecular Medi-

. L2 cine), V. Rusch (Laboratory of Molecular Medicine
ex"’?mme,d whether calpaln inhibitor 1, and Thoracic Surgery Service), E. Dmitrovsky
an inhibitor of the 26S proteasome deg- (Laboratory of Molecular Medicine and Molecular
radation pathway, affected the decline pharmacology and Therapeutics Program), Sloan-
(i.e., proteolysis) of cyclin D1.Results: Kettering Institute, Memorial Sloan-Kettering Can-
Receptor-nonselective retinoids were cer Center, New York, NY; P. Reczek, Bristol-
superior to the carotenoids studied in Mvers Squibb Pharmaceutica! R_esearch Institute,
mediating the decline in cyclin D1 ex- Buffalo,.NY, M. I. Dawson, Retinoid Program, SRI

. . . International, Menlo Park, CA.
pression E_md m_suppressmg the grOWth Correspondence today O. Boyle, M.D., Head
of bronchial epithelial cells. Retinoids ang Neck Service, Memorial Sloan-Kettering Can-
that activated retinoic acid receptor 8 cer Center, 1275 York Ave, New York, NY 10021
or retinoid X receptor pathways pref-  (e-mail: jooyle@mskcc.org).
erentially led to a decrease in the  SeeNotes” following “References.”
amount of cyclin D1 protein and a cor- © Oxford University Press

e/1oul/woo dno-olwapeoe//:sdyy wolj papeojumoq

220z 1snbny 9| uo1senb Aq yy6EYSZ/ELEIVILE]

Journal of the National Cancer Institute, Vol. 91, No. 4, February 17, 1999 REPORTS 373



primary hepatocellular carcinoma(s). cells immortalized with an adenovirus 12—simian vi-tides used for each antibody (Santa Cruz Biotech-

The mechanisms used by retinoids to pl’d—“s 40 hybrid virug9). BEAS-2B,« cells are car- nology, Inc.) were the immunogenic peptides used

duce these beneficial cancer Chemopréjnogen-transformed human bronchial epitheliato produce the corresponding antibodies.
. cells derived from BEAS-2B immortalized bronchi-

Vent_lon results aré poorly_deflned, and Vial epithelial cells after treatment witN-nitrosa- Thymidine Proliferation Assay

tamin A-associated toxic effects havénine-4-(methyinitrosamino)-1-(3-pyridyl)-1- ’ T

limited chronic retinoid treatments of in- butanone, as describd@). These immortalized or ~ Growth of human bronchial epithelial cells was
dividuals at high risk of developing can-transformed human bronchial epithelial cells werg2SSessed by tiitiated thymidine incorporation. Ap-
cer. The desire to reduce retinoid toxicitycultured in serum-free medium by established techRroximatey 5 x 10° cells (plated per well in a six-

led to Iarge cancer chemoprevention trial§iques(10)- These cells were treated with the indi- Well tissue culture plate [Falcon]) were incubated for

-cated retinoids or carotenoids in subdued light and Nour in tritiated thymidine (4.Ci/mL; Du Pont
of B-carotene, a related compound that I%nen cultured in the dark in an incubator Wigtlh hu-NEN, Boston, MA) at 37°C, washed with phos-

clinically well tolerated; unfortunately, , ified air at 37°C with 5% CQ as previously Phate-buffered saline, treated with 5% trichloroace-

these trials did not result in the preventionyescribeq(7-10). tic acid, washed with 70% ethanol, air dried, and
of lung cancer in high-risk individual@— lysed in a solution of 10 M NaOH and 1% sodium
6). These findings underscore the potenRetinoid Treatments dodecyl sulfate. Lysates were collected, and the

: . . . - amount of tritiated thymidine incorporated was mea-

Flal yalue ofin vitro carcinogenesis stud- 1y receptor-nonselective retinoids used wereured by scintillation counting. The amount of ra-

ies in model systems that can be used tQa, g<isretinoic acid (%isRA), and 13¢isRA dioactivity detected (decays per minute) in each ©

determine cancer prevention mechanismgsigma Chemical Co., St. Louis, MO). The receptor{reatment sample was expressed as a percentage of

to identify intermediate markers, and toselective retinoid agonists were Am80 (selective fothe amount of the radioactivity in control samples. 3

select appropriate agents for testing iretinoic acid receptor [RARa]) (11), SR11254 Data are reported as the average of six data points§

clinical cancer chemoprevention trials. (RARY/R) (F:QL>2()!,?SR11§24§i§IIn? SR11345 (Iref\l/lnmclj X from three independent experiments. Error bars rep- =
We have reported that atfans- ITz:rT(pt((;,rA)[ and]él(\/l821(539453r](t|:;;§at(li)2)a(|’3ris§)rl]-o resent the standard deviation for each average value.3

retinoic acid (RA) can prevent the tranSyyers squibb, Buffalo, NY). Stock solutions of ret- Inhibition of the Proteasome

formation of human bronchial epithelialinoids (102 M) dissolved in dimethyl sulfoxide Degradation Pathway

cells in vitro (7); i.e., RA inhibited the were stored in the dark at -70 °C until used.

transformation of immortalized human . To inhibit the 26S proteasome degradation path-

bronchial epithelial cells (BEAS-2B) that Carotenoids way, we treated BEAS-2B immortalized human

: : bronchial epithelial cells with calpain inhibitor |
had been treated with tobacco-derived stock solutions of the carotenoids-carotene P P

. S : i (100 M) with or without a retinoid for 4-6 hours at
2
carcinogens. Thign vitro chemopreven- (102 M) andp-carotene (107 M) (Sigma Chemical 37°C before cell lysis and immunoblot analysis of

Five aCtiVity WQS aSSOCiat_ed with a declingo.) were |nd|V|dl_1a|Iy dissolved in tetrahydrofura_n.the isolated total cellular protein. No cytotoxicity

in the expression of cyclin E, the arrest off Nese stock solutions were added to LHC-9 mediun. s etected as a result of the calpain inhibitor |

cells in G, phase of the cell cycle, and the®! room temperature with vigorous Strming 10 o.iment under these culture conditions.

- . f 7. A achieve a final concentration of TOM. The con-

Conc?om.'tant suppression o _grow(t ). . centrations of these stock carotene solutions WeIlRESULTS

decline in the amount of cyclin D1 proteinyerified spectrophotometrically, and the solutions

also followed treatment of these humanvere distributed in aliquots and stored in the dark at . .

bronchial epithelial cells with RA and -70°C(15,16).Before use, the carotene stock solu- C_ompared with a treatment with the

was blocked by inhibition of the 26S tions were diluted to the indicated concentrationééeErZ‘gezgo_ntrOI' a|_24;jhﬁur tref’gmen;_olf
. i - i - Immortalize uman proncnial

proteasome degradation pathw¢g), a With LHC-9 medium.

I ] epithelial cells with 4uM RA, 4 pM 13-
finding that suggests that proteasomemmmunoblot Analysis cis-RA, or 4 uM 9-cis-RA resulted in ap-
dependent degradation of cyclin D1 is a . i)l h .
mechanism used by retinoids to prevent The human b_ronchiall epithelial cglls_examinedg{]?ecéab etrﬁirE;)t\lev(tj thSlJmplg:r?ZS;:’l?:r:),r aga?oer?'
the carcinogen-induced transformation ofrere treated with 'the mdlf:ated reqnmds, carotSUl y y p
. S enoids, or appropriate vehicle solutions for 0-24Fig. 1, A). Treatment of BEAS-2B cells
human bronchial epithelial cells. . . .
. . . hours before lysis on 10-cm tissue culture plategvith o-carotene of3-carotene at concen-
In this .Stl'_'dy' we have InVes“gatGd(Falcon, Franklin Lakes, NJ) with buffer containing trations up to .M did not suppress bron-
Whether this IS a common mechanism byotease inhibitors, as describéd). Total cellular chial epithelial cell growth (Fig. 1, B)
studying additional types of human bron-protein was measured by the Bradford assay, ami‘hese concentrations of carote.noi,ds én d
chial epithelial cells and various Carot-lOO_—ZOOpLg of total ceIIuIar‘ protein was denatured,[etmoidS in plasma are clinicallv achiev
enoids and retinoids to determine whethefubjected to electrophoresis through 10% loolyacrylﬁbIe ovels E)r each ageft? 18;/ i the
these compounds use the degradation BF‘"de gels containing sodium dodecyl sulfate, an . 9 10
lin D1 as a common chemonreventio electroblotted to nitrocellulose membrane (Schleicarotenoid treatment was examined for up
cyc hani P Rher & Schuell, Inc., Keene, NH). The following to 72 hours, no effect on BEAS-2B cell
mechanism. primary antibodies were used: for human cyclin Dlgrowth was observed (data not shown).

M-20; for RARa, C-20; for RAR3, C-19; for : R :
MATERIALS AND METHODS RARy, C-19; and for RXR, D-20 (all from Santa | /catment with retinoids but not with
carotenoids suppressed the growth of

Cruz Biotechnology, Inc., Santa Cruz, CA). A poly- .
Human Bronchial Epithelial Cells clonal anti-rabbit immunoglobulin antibody was BEAS-2B cells, normal human bronchial

used as the secondary antibody (Amersham Life Scepithelial cells in short-term cultures, and

Primary normal human bronchial epithelial cellsence Inc., Arlington Heights, IL). Antibody was de- carcinogen-transformed BEAS-%QK

(Clonetics, San Diego, CA) were cultured as previtected with the Amersham chemiluminescence agg||s (Fig. 1, C). These normal, immortal-
?hu:Igrggzzge;(rzénsgzzlf;dthl_eHﬁé?c?ticcjjlL:girlll;')idza%/'.o verify the specificity of each anti-retinoid re ized, and transformed human bronchial
carotenoids, or appropriate vehicle controls. Cellgeptor antibody, preincubation of the antibody withePIthe“a‘l.Ce”S represc_ann vitro mOdels.
were passaged every 5-7 days and were used far10-fold excess of a specific blocking peptide aﬂcqr.lung t'SSU¢ of carcmogen_—expo.sed In-
experiments after two to four passages. BEAS-2Boom temperature for 2 hours was found to abolistflividuals at risk for developing primary
cells were derived from human bronchial epithelialthe expected immunoblot signal. The blocking pepOr Secondary aerodigestive tract cancers.
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Fig. 1. Growth response of im-
mortalized human bronchial epi-
thelial (BEAS-2B) cells treated

with retinoids or carotenoidsd) . ‘

Cells were treated for 24 hours .

with 4 uM all-trans-retinoic acid : ‘

(RA), 4 uM 9-cis-retinoic acid 20

(9-cis-RA), 4 uM 13-<is-retinoic ‘ -

acid (13¢is-RA), or dimethyl 0

sulfoxide (DMSO; 1:1000 dilu- DMSO 9-cis-RA  13-cis-RA
tion; the vehicle control). Treat-
ment with the retinoids resulted
in considerable growth suppres-
sion, as measured by tritiated thy-
midine incorporation.B) Cells
were treated with various concen- 120 120 4
trations of RA, a-carotene,
B-carotene, or DMSO (1:1000
dilution; shown as OuM drug).
Twelve hours after addition, RA,
but not the carotenoids, caused g

dose-dependent growth suppres

sion. Similar results were ob-

served 24 hours after addition

(data not shown)C) Normal, im-

mortalized, and transformed hu-

100 100 +
80 - 80 1
60 - 60 -
40 40 4
20 4 20 -
0 T 1 T O r 1 ] r 1 0 T
3 o 0 05 1 2 4 0 2 4 6 8
man bronchial epithelial cells

were treated for 12 hours with 2 RA (pM) a-Carotene (uM) B-Carotene (pM)
wM RA or 2 uM B-carotene or
their corresponding vehicles. The
vehicle for RA was DMSO, and
the vehicle forB-carotene was Normal Immortalized Transformed
tetrahydrofuran (THF). RA, but 140 - 140 140

not B-carotene (carotene) or the
vehicles, caused considerable|
growth suppression in all three
types of cells. Irpanels A-C,the
error bars are the standard devia
tion for each mean value.
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Thymidine Incorporation (% control)

140 - 140 - 140

120 -
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60 60 | 60

a0 “0- 40

20 20 20
0- 0 0-

DMSO HF Carotene DMSO HF Carotene DMSO THF Carotene

Thymidine Incorporation (% control)

These models could be used for the prenan bronchial epithelial cells after treat-of cyclin D1 protein detected did not
liminary testing of clinical cancer chemo-ment with RA or vehicle alone to change appreciably. Similar findings were
prevention agents. determine whether the observed RAobserved after treatment witda-carotene
Earlier work indicates that a link existsinduced growth suppression parallels gdata not shown). Thus, the suppression
between cyclin D1 proteolysis and RA-decline in the abundance of cyclin D1. Inof the growth of human bronchial epithe-
mediated prevention of carcinogen-these human bronchial epithelial cells, thdial cells after treatment with retinoids but
induced transformation of immortalizedamount of cyclin D1 protein declined af- not with carotenoids is tightly linked to
human bronchial epithelial cel(§,8). To ter treatment with 2uM RA, as shown in the expression of cyclin D1 protein.
extend this work, we measured cyclin D1Fig. 2. In marked contrast, when these hu- Biologic effects of retinoids are medi-
protein by immunoblot analysis in nor-man bronchial epithelial cells wereated through the nuclear retinoid recep-
mal, immortalized, and transformed hu4reated with 2.M B-carotene, the amounttors RARs and RXRs. Expression of spe-
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shown), thus demonstrating the specific-
ity of the various retinoid receptor anti-
bodies.

When BEAS-2B cells were treated
with ligands specific for each type of
RARs and for RXRs, only ligands (ago-
nists) that activated the RARor RXR
pathway suppressed the growth of these
cells (Fig. 3). When BEAS-2B cells were
treated with the RAR-specific agonist
BMS-189453 (0-1.0nM) or with the

RXR-selective agonist SR11246 (0-2.0
pM), a dose-dependent suppression of
Fig. 2. A andB) Changes in expressed cyclin D1 protein in normal, immortalized, and transformed hu #Bwth was observed. When BEAS-2B
bronchial epithelial cells after atransretinoic acid (RA) o3-carotene treatmentd) Immunoblot analysis .

of cyclin D1 in the indicated cells treated for 12 hours with.2 RA (+) or dimethyl sulfoxide vehicle (=) C(.EIIS were treated with another RXR ago-
(1:1000 dilution) revealed a decrease in the amount of cyclin D1 in cells treated witB)JRAmunoblot nist, SR11345 (O—KM; ‘?'ata.”Ot Shown)’
analysis of cyclin D1 in the indicated cells treated for 12 hours wigiV2B-carotene (+) or tetrahydrofuran @ dose-dependent decline in growth was 2
vehicle (-) showed no change in the amount of cyclin D)LInduction of retinoic acid recept@ (RARB)  also observed. When BEAS-2B cells were
protein occurs in immortalized human bronchial epithelial cells after treatment wit! RA for 12 hours. treated with the RAR-specific agonist
At this time, the expression of RARand retinoid X receptox (RXRa) was repressed and the expressiommgo (0_1_0 MM) or with the RARY/B'

of RARB was increased by treatment with RA. Expression of RARas repressed at 12 hours (data nogelective agonist SR11254 (0-@u.1), cell
shown) and at 24 hours (shown) by treatment with RA. ’

cific retinoid receptors is regulated by RA
(19) at the level of messenger RNA in
transformed human bronchial epithelial
cells, and specific retinoid receptors are
involved in regulation of basal cell

growth was not suppressed. When BEAS-
2B immortalized human bronchial epitheli-
al cells were treated with the RARBMS-
189453) and the RXR (SR11246) agonists,

growth. To determine which of these re-
ceptor proteins are involved in the reti-
noid-mediated decrease in the amount d
cyclin D1 and resulting growth suppres-
sion in human bronchial epithelial cells,
we assessed the effect of RA on the bashl
expression of retinoid receptor proteins
by immunoblot analysis. Treatment with
2 1M RA led to a decrease in the exprest
sion of RARx, RARYy, and RXRx protein,
as shown in Fig. 2, C. In contrast, the
expression of RAR protein was induced
after treatment with RA. Relative to basa
expression, both RA&RL and RARx2 iso-

forms were repressed by RA treatment ds
shown in Fig. 2, C. Basal expression o
RARYy protein was quite low in BEAS-2B
cells and decreased further 12 and 24
hours after treatment with RA (Fig. 2, C;
data not shown). Expression of R¥R
protein was also repressed by treatment
with RA (Fig. 2, C; data not shown). The
induction of RAR3 protein by RA was

undetected at 3 hours, was maximal from
6 hours to 12 hours, and then decreasgd
from 24 hours to 48 hours. The specificit

—
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Thymidine incorporation (% control)
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0 0.04 0.
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of the anti-retinoid receptor antibodiesFig. 3. Growth suppression of immortalized human bronchial epithelial BEAS-2B cells treated with retinoid
was confirmed through blocking experi_receptor-selective agonists for retinoic acid receftdRARR; BMS-189453) or retinoid X receptor (RXR;

ments in which receptor-specific peptide§
were incubated with their correspondin

R11246) but not with ligands selective for RARAMS80) or RARY/B (SR11254). Dose-dependent growth

antlqu|e§ before immunoblot anajl_ys's' _lr}reatment. Appreciable growth suppression was not observed at noncytotoxic doses for the &#AR
resulting immunoblots, the specific reti-rary-selective ligands, compared with 12 hours of vehicle control treatments (indicateq.by drug).

noid receptor was not detected (data ndthe standard deviation is indicated by error bars.
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suppression by the indicated receptor-selective ligands, compared with dimethyl sulfoxide vehicle controls
g(indicated by OuM drug), is shown for the RAB-selective and RXR-selective ligands after 12 hours of
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additive effects on growth suppression wereyclin D1 was observed after treatmenteptor-nonselective agonists, but not
observed (data not shown). with these agonists (Fig. 4) and after treate-carotene ang-carotene, led to growth

After immortalized human bronchial ment with the RXR agonist SR11345suppression and a decrease in the expres-
epithelial (BEAS-2B) cells were treated(data not shown). However, when cellsion of cyclin D1 protein. The findings
with agonists selective for RARor for were treated with calpain inhibitor | andobtained with these carotenoids may also
RXRs, the abundance of cyclin D1 pro-with the RAR3- or RXR-selective ago- relate to their cellular permeability prop-
tein was assessed by immunoblot analysisist, calpain inhibitor | inhibited the de- erties or to the ability of cells to generate
to determine whether the growth supprescline in the expression of cyclin D1 pro-gctive metabolites in culture. These
sion induced by each of these ligands watein induced by the receptor-selectivesitro findings, however, parallel observa-
linked to a decline in the level of cyclin agonists (Fig. 4). Thus, these retinoidsions of the clinical inactivity of these ca-
D1. Each agonist tested (RA, the RXR-mediate the decline of CyCIin D1 throughrotenoids in clinical cancer Chemopreven_
selective agonist SR11246, and the proteolytic pathway similar to that re-tjon trials (4-6).

RAR-selective agonist BMS-189453) atported for RA(8). Deregulated expression of cyclin D1
growth-suppressing doses caused a dose- protein occurs in epithelial carcinogenesis
dependent decline in the abundance of cyDISCUSSION [(26,27);Lonardo F, Langenfeld J, Rusch

clin D1 protein (Fig. 4). This confirmed V, Dmitrovsky E, Klimstra DS: unpub-
that a tight link exists between the growth  RA inhibits bronchial epithelial cell |isheq data]. Immunohistochemical find-
suppression signaled by these selectieansformationin vitro (7), and clinical ings indicate that cyclin D1 overexpres-
retinoid receptor agonists and the level ofrials report that retinoids reduce SOM&on is frequent in neoplastic and
cyclin D1 protein. To determine whethersecond primary cancers, including aerodi
the observed growth suppression triggestive tract canceid,2). However, it is
gered by RA or a receptor-selective omnot clear why retinoids have cancer che
receptor-nonselective agonist was due tmoprevention activity(3), whereas the
the induction of apoptosis, we performedexamined carotenoids do n(4-6). RA
terminal deoxynucleotidyltransferase assignaling involves the RARs and RXRs.
says either after RA treatment or indepenThe RARs and RXRs are Iigand—head and neck by comparative genomic =
dently after treatment with the RXR ago-dependent transcription factors that havﬁybridization or Syouthern blot analysis 5

nist SR11246. Appreciable apoptosis wathe potential to homodimerize and heii%,z&zg)_lt has been hypothesize@)

carcinogen-exposed human lung epitheli-
al cells [[27); Lonardo F, Langenfeld J,
Rusch V, Dmitrovsky E, Klimstra DS:
unpublished data]. Amplification of the
cyclin D1 gene locus is often detected in
squamous cell carcinomas of the lung or

wepeoe//:sdyy wolj papeojumoq

not detected at growth-suppressive corerodimerize and are known to alter th hat cvelin D1 overexpression in human
centrations of either retinoid examinedexpression of “downstream” species th roncr{ial epithelial celllas tricgers aberrant
(data not shown). directly mediate the biologic effects Ofcellular foliferation T%g retinoid-

To explore whether the mechanism ofetinoids. The regulation of cell cycle pro- ed'ated%ecrease in c clin D1 likelv re-
the RAR3- or RXR-mediated decrease ingression is also under active study an("]: ! | y|‘f ’ tyt ¢
cyclin D1 involved cyclin D1 proteolysis, involves cyclins, cyclin-dependent ki'tshce)zrseesnaeronolgitri]:gpc?ngrr]?all Er?tLOeTiSIiSISO
which is known to be activated by RAnases, and cyclin-dependent kinase in- The RAF\)-mediated rever?tion of car-.
treatment of immortalized human bron-hibitors [reviewed in(20-25). This re- cinogen-induced tranzformation of im-
chial epithelial cells(8), we treated port confirms and extends prior work that . . . .
BEAS-2B cells with 100uM calpain in- demonstrates that these two growth[nortallzed human bronchial _ep|thel|al
L S cells has been shown to be linked to a
hibitor 1, the inhibitor of the 26S protea- regulatory programs, the cell cycle ma- ost-translational requlation of.@vclins
some pathway, with or without the addi-chinery and retinoid signaling, arep7 8) Th t tgd t dl t%' K
tion of 1 wuM RARPB agonist (BMS- coupled through post-translational regulaé ' rze.veaeligur:ﬁgt ?el:in)giedxsebnutsnotlsc\;vroort-
189453) or 2puM RXR agonist tion of cyclin D1, the G-phase cyclin y 9

(SR11246). A dose-dependent decline if7,8). Notably, treatment with retinoid re- enoids act .throu.gh a_°°mm°” cancer che-
moprevention signal: cyclin D1 proteoly-

sis by activation of a proteasome-
dependent degradation pathway. Growth &

Bny 91 uo1senb Aq v6EHSZ/ELE/P/L6/8191ME/OUl/WO0O dNO

suppression signaled by retinoid receptor- 3

A B selective agonists was also found to be N
Cyclin D1— = - - Cyclin D1— s - associated with cyclin D1 proteolysis by a
post-translational mechanism that is simi-
RA - + + - - Calpain Inhibitor]T  — -+ lar to the mechanism used by RA, as
Calpain Inhibitor T - -+ - 4 RAR BAgonist -+  + shown in Fig. 4. This pathway is activated
RXRAgonist - - =+ + by retinoid treatment of normal, immor-
talized, and transformed human bronchial

Fig. 4. Treatment with calpain inhibitor I, which inhibits the 26S proteasome-dependent degradation gapithelial cells. Similar findings were ob-

way, prevented the decline in cyclin D1 protein after treatment withraiisretinoic acid (RA) or the tained by treatment of immortalized hu-
retinoid X receptor (RXR)- or retinoic acid receptpr(RARB)-selective agonists (SR11246 and BMS-man bronchial epithelial cells with an-

189453, respectively)A) Treatment of immortalized human bronchial epithelial (BEAS-2B) cells for Bther proteasome inhibitor, lactacystin
hours with 100.M calpain inhibitor | prevented the decrease in cyclin D1 protein that follows treatment wj . s

either 2uM RA or 2 uM RXR-selective agonist for 6 hours. The immunoblot detection of cyclin D1 | ) .Thu.s' these flndlng_s indicate _that a
shown.B) An independent cyclin D1 immunoblot analysis was performed after treatment wikth RARB ec“ne 'n the exprgssmn of cycl|n D1

agonist. This immunoblot shows that degradation of cyclin D1 mediated by treatment with g &sRist Protein with concomitant growth suppres-
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