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ABSTRACT

Many growth factors and cytokines act as cellular survival factors by
preventing programmed cell death (apoptosis). However, the specific
genes and corresponding proteins that mediate survival are poorly de
fined. To identify potential survival genes, a cDNA library was prepared

from murine fibroblasts and screened by a functional expression cloning
approach. A 1023-bp eDNA, AAC-11, was identified that encodes a pro
kin of approximately 25 kDa. The AAC-11 gene shows strong species
conservation and is ubiquitously expressed in embryonic and adult tissues
with multiple transcripts, as well as in various human tumor cell lines. The

predicted protein contains a leucine zipper domain but lacks a DNA

binding domain. BALB/c3T3 fibroblasts that were stably transfected with
AAC-11 cDNA were viable in serum-free medium for up to 12 weeks. The
protective action of AAC-11 was abolished by mutation of leucines to
arginines within the leucine zipper domain. We also isolated a longer
AAC-11 cDNA that codes for up to an additional 290 amino-terminal
amino acids but did not protect against apoptosis. The cDNA for human
AAC-11 was identified and exhibits strong homology with the murine
species and retains the leucine zipper domain. Western immunoblots of
BALB/C3T3cells using rabbit anti-AAC-l1 polyclonal serum revealed a
major native 55-kDa AAC-11 protein and a minor 25-kDa protein corn

spending to the long and short forms of AAC-11 cDNA, respectively. In
summary, we report a cDNA whose expression supports cell viability after
withdrawal of growth factors. The corresponding native protein may
function as a novel inhibitor of apoptosis.

INTRODUCTION

Programmed cell death, apoptosis, plays a critical role in develop
ment, tissue renewal and repair, and tumor growth (1 , 2). Apoptosis
may be induced directly by a host of physiological or nonphysiologi
cal signals including tumor necrosis factor, Fas ligand, oxidative
stress, and viruses. Alternatively, apoptosis occurs after removal of
extracellular growth factors, cytokines, or attachment substrata or by
the inappropriate expression of cell cycle components. The latter
observations suggest that apoptosis in proliferating cells reflects a
conflict in the cell cycle or a frank default pathway in cell cycle
progression that is diverted by specific intracellular factors (3, 4).
Viewed differently, cellular viability is dependent on the functional
balance of factors that favor apoptosis versus extracellular (e.g.,
growth factors) and intracellular survival signals. Examples of such
survival factors include bcl-2 and related family members (5), proteins
that inhibit tumor necrosis factor killing such as MnSOD (6), A20 (7),
and plasminogen activator inhibitor 2 (8, 9), and recently identified
novel proteins such as the calcium-binding protein ALG-2 (10) and
mammalian homologues of baculovirus lAP gene (11â€”13).

We report the isolation of a novel cDNA, AAC-l 1 (antiapoptosis
clone 11), whose expression prevents apoptosis that occurs on depn
vation of growth factors. The AAC-11 gene shows strong species
conservation and is expressed ubiquitously during development and in
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adult tissues, as well as in a variety of human tumors. The predicted

AAC-1 1 protein contains a leucine zipper motif that is essential for its
antiapoptotic activity but lacks a basic DNA-binding domain.

MATERIALS AND METHODS

Cell Lines and Materials. BALB/c3T3 cells were obtainedfrom Ameri
can Type Culture Collection and passaged in DMEM containing 5% FBS3 and
5% calf serum. Humantumor cell lines were donated by Dr. Kaye Huebner
(Jefferson Medical College, Philadelphia, PA). [a-32P]dCTP (3000 Ci/mmol)
was purchased from DuPont New England Nuclear. [35SlMethionine (1000
Ci/mmol) was obtained from Amersham. All other chemicals and biochemicals

were of the highest purity commercially available.
cDNA Library Preparation and Functional Screening. To potentially

enrich cells with mRNAs for survival proteins, BALB/c3T3 cells were main
tamed in 0.5% FBS for 48 h and then treated for 3 h with cycloheximide (10

@g/ml;Sigma) and insulin-like growth factor I (50 ng/ml), a growth factor
reported to enhance fibroblast survival (14). RNA was prepared by guani
dinium thiocyanate lysis and centrifugation through a CsCl cushion (15). An

oligodeoxythymidylic acid-primed cDNA library was prepared by Clontech.
cDNA was unidirectionally cloned into the multicloning site of pcDNA3
expression vector using 5' NotI and 3' Bstl linkers. Aliquots (50 @.tg)of the
cDNA library or pcDNA3 vector were transfected into 106 BALB/c3T3 cells

using the calcium phosphate precipitation method (16) using the Promega

transfection kit. Three days after transfection, G418 (I mg/mI) was added to

obtain stable transfectants. After 2 weeks of G41 8 selection, cell colonies were

maintained for 6 weeks in serum-free medium with 0.1% BSA, 50 j.LMFeSO4,

and G4l 8. Cells that survived the double selection process were regrown for

5 days in the presence of 10% FBS and then selected a second time in

serum-free medium. Surviving clones were isolated using cloning cylinders

and expanded.
The integrated cDNA inserts within pcDNA3 were identified by PCR of

genomic DNA using flanking pcDNA3 vector sequences (5'-CTCGGATC

CACTAGTAACGG-3' and 5'-TCTAGATGCATGCTCGAGCG-3'). To iso
late genomic DNA, the cells were lysed in 50 mM Tris (pH 8.0), 20 mM EDTA,

1% SDS, and 100 mM NaCl. The lysate was treated with 250 p@g/mlproteinase
K and 100 @g/mlRNase A before ethanol precipitation and chloroform/phenol
extraction. The PCR product was used as a probe to rescreen the original

cDNA library. The PCR product and the isolated cDNA were sequenced in
both directions using an automated facility with the cycle sequencing tech
nique (Applied Biosystems model 373). Sequences were compared with Gen

Bank sequences using GCG software. Hydropathy plots were generated using
the PepPlot program in GCG.

Isolation of Human cDNA. A humangingival cDNA phage library(17)
was screened with murine AAC- 1 1 cDNA using standard techniques. Human

AAC-l 1 cDNA was rescued within pBluescript with Helper phage R408
(Stratagene) and sequenced. The isolated cDNA lacked 1.2 kb of 5' sequences.
Thus, the cDNA was used as a probe to screen a human leukemia 5'-stretch

plus cDNA library (Clontech) to obtain a full-length cDNA.
Plasmid Transfections and Survival Assays. To test the effect of mdi

vidual cDNAs on survival, BALB/c3T3 cells were transfected with plasmids

by the calcium phosphate precipitation technique. G4l8 (I mg/mI; Sigma) was

added after 72 h. Stable transfectants were obtained after 2 weeks and cx
panded. Cells (8 X l0@) were plated in 6-well plates overnight. On the
indicated days, the plates were washed with HBSS, the attached cells were

trypsinized, and their viability was determined by trypan blue exclusion and

counting in a hemocytometer.
in Vitro Translations. In vitro translations were performed using [35S)me

thionine and the Promega TNT rabbit reticular lysate system according to the

3 The abbreviations used are: FBS, fetal bovine serum; ORF, open reading frame.
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AAC-I I AND APOPTOSIS

and codes for 504 amino acids. A second methionine is in a strong

Kozak consensus sequence (20) with an A at position â€”3and a G at
position +4, which would initiate an ORF coding for a protein of
approximately 45 kDa. However, a corresponding protein was not
translated in vitro.

The cDNA for AAC-1 â€˜shortbegins at nucleotide 851 of AAC
1 1longâ€¢It has two potential methionine start sites with a good consen

sus Kozak initiation site at the second methionine. The coding region
using this methionine predicts a protein of approximately 25 kDa,

corresponding to a slightly slower migrating in vitro-translated prod
uct (approximately 29 kDa; Fig. 2). AAC@11shorfcDNA ends with a
polyadenylic acid tail (14 alanines) at bp 1860 in place of 3' noncod
ing sequences of AAC- 11l@ngâ€¢

Searches of NIH GenBank using BLAST and FASTA programs
identified several uncharacterized homologous human and rat nude
otide sequences corresponding to the 3' noncoding region (bp 1698â€”
1859) of mouse AAC-1 hong (accession numbers 03004 and H34636;
N27512). No other significant nucleotide or protein homologies were
identified. An EYMPL amino acid sequence is also present in human

and yeast protein phosphatase 2A (accession numbers B34541 and
Z34955) and Polyoma virus 61-kDa tumor antigen (accession number

M31786). A hydrophobicity plot of the deduced protein sequence of
AAC-1 1j(,flgcontains no predicted hydrophobic spanning area (Fig.
1B). A potential protein kinase C phosphorylation site (21) and several
potential tyrosine kinase phosphorylation sites are present in the
COOH-terminal region encompassed by AAC-1 â€˜shorrThere are two
potential N-linked glycosylation sites. AAC-1 1 is leucine-rich, partic
ularly in the AAC-1 1shortregion (about 12%). A leucine repeat with
a lysine in the fifth position is present in the COOH-terminal end.
Intervening hydrophobic amino acids are present in the â€”3positions
before positions 1, 3, 4, and 5, but the overall structure is only weakly
consistent with a leucine zipper motif. A basic DNA-binding domain
characteristic of the leucine zipper class of transcriptional activators is
not present upstream of the leucine repeat.

Human AAC-l1 cDNA. Human AAC-ll cDNA exhibits greater
than 90% nucleotide homology with the mouse species (data not
shown). As shown in Fig. 1, the predicted amino acid sequence of
human AAC-l 1 shows strong homology with mouse AAC-1 â€˜long'
with retention of the leucine zipper motif.

Expression and Distribution of AAC-11. Northern blot analysis
of mouse tissues probed with a AAC-l 1sh@@probe is shown in Fig. 3
(left panel). A dominant transcript of approximately 4 kb is present in

all tissues examined, as well as weaker bands at 3 and 2 kb. In
addition, a transcript of approximately 7 kb was present in heart and
skeletal muscle, as well as a faint 1.3-kb transcript in skeletal muscle.
The Northern blot was also probed with a PCR-generated probe
corresponding to the 5' end of the longest ORF of AAC@1ljongcDNA
(right panel). This probe did not hybridize to the 3- or 7-kb bands.
Additionally, a band of approximately 1 kb was identified in testis.
Primer extension of mRNA commencing at nucleotides 1000â€”1015

gave rise to extended products of about 0.35 and 1 kb corresponding
to the short and long forms of AAC-l 1, respectively (data not shown).

AAC-1 I mRNA is expressed during fetal and early postnatal de
velopment (Fig. 4). A 4-kb AAC-1 1 transcript was detected in mul
tiple tissues from day 15 and 21 rat embryos and postnatal day 4
including heart, lung, liver, intestines, kidney, and muscle. Several
human tumor cell lines expressed AAC- 11 mRNA including carcino
mas of lung, stomach, colon, and nasopharynx as well as HeLa cells
and Jurkat T cells (Fig. 5). Genomic DNA Southern blotting revealed
strong AAC-11 gene conservation in all species examined

(Fig. 6).
Rabbit polyclonal anti-AAC-l 1 serum was raised by immunization

with a synthetic peptide corresponding to the predicted COOH termi

manufacturer's specifications. Translated products were visualized by SDS gel
electrophoresis and autoradiography.

Plasmid Construction. AAC- I@ cDNA was created by a two
step PCR procedure. In the first step, a 5' PCR fragment was generated with

a primer corresponding to bp 958â€”975 tailed with a BamHI site (primer A),
and a mutagenic primer for leucine(bP 234_1236)â€”sarginine(primer B). A 3'
PCR fragment was generated in a similar manner for bp 1585â€”1600(primer C)
and mutagenic primer for leucine(bP 255_1257)â€”+arginine(primer D). The PCR
fragments were then used as primers in the second PCR step to generate

AAC-l 1sh('@-t.'Le1tâ€”'ArgcDNA, which was digested with BamHI and subcloned
into the BamHI site of pcDNA3. The mutated leucines and orientation were

confirmed by sequencing. Primer sequences were as follows: A, 5'-GCG
GATCCGAGATGAGTfCA1TFCGT-3'; B, 5'-TTGTCTGATATAAACCT

GCAGGCCCCTG-3';C, 5'-GCGGATCCCTA1TFCCCCTGAAG-3';andD,
5'-CAGG1TrATATCAGACAACTTCGCTfGGCTCT-3' (BamHI sites are

underlined; Leuâ€”tArg mutations are shown in bold).

RNA Extractions and Northern Blot Analysis. Total cellularRNA from
rat embryonic and postnatal tissue was isolated as described elsewhere (I 8)
and donated by Dr. Kurt McHugh (Jeffeson Medical College, Philadelphia,
PA). Tumor cell RNA was isolated as described by Chirgwin et at. (15). A
mouse multiple-tissue Northern blot and a eukaryotic genomic DNA Southern
blot were obtained from Clontech and hybridized with 32P-labeled random
primed cDNA probes according to standard procedures (19). PCR-generated
cDNA probes for AAC- I 1/@flgwere generated using forward primer 5'-TG
GCGCCGACGAGGT-3' and reverse primer 5'-AGCAUGUCACCAG-3'.

Generation of Anti-AAC-11 Antibodies and Western Immunoblot
Analysis. A polyclonalrabbitimmuneserumwas raisedby s.c. injectionof a
synthetic 15-mer synthetic peptide (CNLSNFNYERSLQGK). For immunoblot

analysis, cell lysates were prepared by suspending pelleted cells in 130 p3 of

lysis buffer [50 mM Iris (pH 7.9), 5 mxi EDTA, 250 m@t NaCl, 50 mM NaF,

0.1% Triton X-lOO, 0.1 mM Na3VO4, 0.5 mM phenylmethylsulfonyl fluoride,

and 10 p.g/ml each ofleupeptin, aprotinin, and pepstatinj. Protein (100 p@g)was

run on a 10% denaturing SDS-polyacrylamide gel and transferred to a poly
vinylidene difluoride membrane (Millipore) in buffer containing 10 mM CAPS

(3-cyclohexylamino-l-propane sulfonic acid; pH 1 1) and 20% methanol.

Membranes were blocked in 5% milk lBS-I buffer [2 mM Tris (pH 7.6), 13.7
mM NaCl, and 0.1% Iween 20) and then washed in lBS-I buffer. Primary
antibody was then incubated with the membrane at a dilution of 1: 1000 in 3%

milk for 1h and then washed in lBS-I. Rabbit antimouse antibody coupled to
horseradish peroxidase (Amersham) was then incubated with the membrane

then washed in TBS-I. The blots were developed using the enhanced chemi
luminescence system (DuPont New England Nuclear).

RESULTS

Cloning and Characterization of AAC-11 cDNA. Mock-trans
fected BALB/c3T3 cells and individual colonies of cells stably trans
fected with pcDNA3 vector died completely within 2 weeks of serum
deprivation. However, approximately 20â€”50colonies/106 cells trans
fected with the murine cDNA library survived after 6 weeks in
serum-free medium. In one of these colonies, a l023-bp cDNA was
recovered by PCR, which we have termed AAC-l 1.

To identify potential AAC-l 1 isoforms, the original cDNA library
was rescreened with an AAC-1 1 cDNA probe. In addition to isolating
the identical AAC-l 1 cDNA identified by the PCR approach, we
isolated a 3714-bp cDNA (AAC-1 1j()flg).The longer cDNA contains
an additional 850 bp in the 5' end of the original AAC-1 1 cDNA

(AAC-l 1short)and 1865 bp in the 3' end that replace the polyadenylic
acid tail of AAC-l 1shorr A separate 3' polyadenylic acid tail is present
in AAC-1 hong, preceded by several AAUAAA polyadenylation

signals.
The nucleic acid and predicted amino acid sequences of both

AAC-l 1 species are shown in Fig. 1. The longest ORF of AAC-l 1long
contains 1583 bp with several potential methionine initiation sites. In
vitro transcription and translation of the AAC-1 1l@@igcDNA in rabbit

reticular lysates yielded a single product of approximately 60 kDa

(Fig. 2), which corresponds to an ORF initiated at the first methionine
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Fig. 1. Molecular characterization of AAC-l 1 cDNA.
A, nucleotide sequence of murine AAC-l@ eDNA and
the deduced amino acid sequence. Predicted human
amino acid sequences, where different from mouse, are
presentedbelow the correspondingmouse sequences.
The nucleotide sequence has been deposited in Genllank
(accession number U35846 for mouse eDNA and
U83857for humaneDNA).Nucleotidesequencenum
hers are on the right. AAC-l 1@hn,,eDNA sequences are
underlined. A polyadenylic acid tail (14 bp) of AAC
I@ begins at bp I851 ( t ). Potential methionine start
sites (@), N-linked glycosylation sites (double under
lined), protein kinase C (+) and tyrosine kinase (under
lined) phosphorylation sites. and leucine repeat with ter
minal lysine (11') are indicated. AATAAA
polyadenylation sites are shown in bold italic. B, hy
drophathy plot of the predicted AAC-l@ amino acid
sequence deduced according to Kyte and Dooliule (solid
line; Ref. 23) and Engelman ci al. (dashed line; Ref. 24).
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AAC-I1 AND APOPTOSIS

AAC-llShOrt Inhibits Apoptosis. The survival advantage offered
by transfection with AAC-l 1 cDNA is shown in Fig. 8. The time

course of wild-type BALB/c3T3 cell death in serum-free medium
varied with different cell batches, but over 95% of cell death uni
formly occurred by 10 days (Fig. 8A). Dying cells showed features
typical of apoptosis, including membrane blebbing, chromatin con
densation, and ultimately cytoplasmic compaction (data not shown).
Cells transfected with pcDNA3 vector had a slight survival advantage,
but a near-complete loss of viability generally occurred by day 12.
Over 40% of pooled AAC-1 1shor:t@s1@ta11ts (Fig. 8A) and individ
ually tested AAC-l 1short subclones (Fig. 8B) were viable at 15â€”30
days. Viable AAC@1lchO,.@transfectants persisted for up to 4 months in
the absence of serum and regrew to confluence on the addition of
serum.

By comparison with AAC-11, cells transfected with the expression
plasmid pcDNA3 encoding the antiapoptotic protein bcl-2 displayed
intermediate survival, with about 50% of transfected cells remaining
viable at 12 days, but no survival at 4 weeks. Proliferating or quies
cent AAC-l 1short transfectants were morphologically indistinguish
able from wild-type cells, exhibited a similar doubling time, remained
contact-inhibited, and did not proliferate in serum-free medium (data
not shown). To assess the functional contribution of the putative
leucine zipper motif, the two leucines preceding the terminal lysine
were mutated to arginines (AAC-1 â€˜shorui..euâ€”,Arg).As shown in Fig.

kDa
@ 123
@ 86

51

.34
@29

Fig. 2. In vitro translation of AAC-l li,,ng (Lane 2) and AAC-l@ (Lane 3) cDNAs
in rabbit reticular lysates. Lane 1, mock lysate.

nus common to the short and long forms of AAC-1 1 cDNA. Anti
AAC- 11 antibodies were immunoreactive toward in vitro-translated
AAC-l I long and short proteins (Fig. 7A). Antibody specificity was
demonstrated by markedly reduced band intensity using serum that
was preabsorbed with the immunogenic peptide. Immunoblotting of
BALB/c3T3 lysates (Fig. 7B) revealed a major 55-kDa protein. De
tectable minor 22- and 25-kDa proteins were present. The 25-kDa
protein was overexpressed in cells transfected with AAC-1 1short
cDNA.

1 2 3

Fig. 3. AAC-l I mRNA tissue distribution. Mouse multiple
tissue Northern blot containing 2 @gof polyadenylic acid RNAJ
lane probed with AAC-l 1shn,ieDNA (left panel) and the 5'
400-bp fragment of AAC-l 1,,,,,,, (right panel).

kB

@.â€”7.5 â€”@-

-.0â€¢â€”4.4 â€”@

,@â€” 2.4 â€”@-

..@â€”1.35â€”0â€•-

E15
I HD TR LT II HD

E19
H L LV S I K BL M

1 Fig.4. AAC-11mRNAexpressionduringdevelop
@ .@-. ment. RNA from rat embryos (44) @sgIlane) from] embryonicdays15(E15)and19(E19)andpostnatal

day 4 (D4) were probed with AAC-l@ eDNA
probe. Arrows, 4-kb AAC-ll RNA. Tissues exam
med include head (HD), trunk (TR), limb/tail (Li),
heart (H), lung (L), liver (LV), stomach (S), intestine
(I), kidney (K), bladder (BL), skeletal muscle (M),
brain (B), and aorta (A).
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basis of different polyadenylation signals, leading to altered splicing
of the 3' untranslated mRNA. The cDNA for AAC-l 1,@,., ends with
a polyadenylic acid tail in place of the additional 3' sequences of
AAC-l llong. Additionally, the 2-kb mRNA transcript on tissue North
em blots hybridizes to both AAC-l l@h@fland the 5' end of AAC
1â€˜long'perhaps on the basis of splicing of the intervening exons.
Despite evidence for alternative splicing, we cannot rule out the
possibility that the short form of AAC-1 1 protein expression arises on
the basis of an alternate start site translation or even posttranslational
proteolytic processing.

The mechanism by which AAC-l â€˜sho,@inhibits cell death is not
known. We are intrigued by the potential role for the leucine zipper
motif in the biological activity of AAC-1 1 protein. For example,
AAC-l 1shortmay bind AAC-l 1longvia a leucine zipper interaction. In
this scenario, AAC-l 1long may exert a proapoptotic action that is
mitigated by AAC-1 1short in a transdominant negative manner. In
deed, cell death was slightly enhanced by the expression of AAC
1llong on serum withdrawal (Fig. 8). Alternatively, AAC- I 1.sho@may

1 2 3 4 5 6 7 8 9 10

e â€”t t4 +-AAC-11
,@,w, .O.@ 4-G3PDH

Fig.5.AAC-l1mRNAexpressioninhumantumors.Northernblotofhumancelllines
(10 .tg/lane):JurkatT cells,Lane1;HL6Ocells,Lane2; adenovirus-ti-ansformedkidney
293 cells, Lane 3; HeLa cells, Lane 4; nasopharyngeal carcinoma HKJ cells, Lane 5; small
cell lungcarcinomaU2020cells,Lane6; renalcarcinomaRC49andRC17cells,Lanes
7 and 8; colon carcinoma coIo32O cells, Lane 9; and renal carcinoma Kato III cells, Lane
/0. The blot was probed with eDNA of AAC- I 1,,..@,,and glyceraldehyde-3-phosphate
dehydrogenase(G3PDIO.

8C, AAC-l â€˜shorr/Leuâ€”@Argprovided no protection against serum dep
rivation. In contrast to the profound protective effect of AAC-1 1sho@'
transfection with AAC-l â€˜longcDNA conferred no resistance to apop
tosis. In fact, the rate of cell death in the first few days after serum
removal increased by up to 50% compared to that of vector controls
(Fig. 8D).

DISCUSSION

In summary, we have identified a novel cDNA, AAC-llSh0,.,
whose expression prevents apoptosis that occurs after growth factor
deprivation. A longer form of AAC-1l cDNA did not prevent cell
death under this condition. The endogenous AAC-1l gene shows
strong species conservation and is expressed ubiquitously in adult and
developing tissues. Importantly, we have identified native AAC-1 1
proteins that correspond in size to those predicted from the long and
short forms of AAC-l 1 cDNA.

The coding sequences of AAC-llSh0fl cDNA do not differ from
those of AAC-1 hong. It is possible, therefore, that AAC- 11shor,@ a
truncation OfAAC@11iongcDNA that arose during the cloning process.
However, for several reasons, we strongly favor the view that the
short isoform represents a naturally occurring mRNA species arising
on the basis of alternative splicing: (a) tissue Northern blot analysis
reveals diversity in AAC-l 1 mRNA expression. A dominant 4-kb
transcript is expressed as well as minor 3- and 2-kb transcripts, among
others; (b) the presence of a short form of AAC-l I mRNA is also
consistent with our finding of a short RNA primer extension product.
However, we cannot rule out the possibility of premature termination
due to secondary structure to account for this finding; and (c) a portion
of AAC-1 1 mRNA heterogeneity may be explained in part on the

Fig. 7. Expression of AAC-l 1 proteins. Proteins were
visualized by Western immunoblotting as described in
â€œMaterialsand Methods.â€•Membraneswere bloued as
indicated with either preimmune serum, immune serum,
or serum preabsorbed with immunogenic peptide (3 g@g/
ml, 12 h). A, in vitro-translatedAAC-ll,,,@,,,and AAC
1L,n5 B, wild-type BALB/c3T3 cells, pcDNA3 vector
control, or AAC-l 1:500 eDNA mixed transfectants.
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Fig. 6. AAC-l 1 species conservation. Southem blot containing EcoRI-digested eu
karyotic genomic DNA (Clontech) probed with AAC-l@ eDNA probe.
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Fig. 8. Transfection with AAC-I 1,,,,,., eDNA prevents apoptosis after serum deprivation. Viability of BALB/c3T3 cells in serum-free medium after transfection with pcDNA3 vector
alone or expressing AAC-l@ (A and B), mouse bcl-2 (A), AAC-1@ (C). or AAC-l 1,,,,,@(D). The data are the number of viable cells expressed as the percentage of cells
before the removal of serum and represent the mean Â±SE of triplicate determinations from one of at least three experiments.

0 5 10 15

C D

competes for AP-1 activity both in vitro and in vivo.4 We hypothesize
that AAC-1 1 may in this manner prevent proto-oncogene transcrip
tional activation that has been linked to the generation of the apoptotic
phenotype. Moreover, in view of the lack of a basic DNA-binding
domain in AAC-l 1, it may represent a novel competitive inhibitor of
gene transactivation by leucine zipper factors. Given these consider
ations, the elucidation of the intracellular binding partners of AAC-11,
be they transcriptional factors or other proteins with leucine zipper
domains, will be of considerable interest as they relate to the induction
of apoptosis. Finally, we note that multiple potential tyrosine kinase
phosphorylation sites exist within the predicted AAC-ll protein, as
well as a consensus protein kinase C phosphorylation site. Whether

4M.TewariandR.Rubin,unpublishedobservations.

bind other proteins with leucine zipper domains. In this regard, for a
variety of cell types, principally neuronal cells, apoptosis is preceded
by the induction of proto-oncogene transcriptional factors, c-fos and
c-jun in particular (reviewed in Ref. 22). Inhibition of transcriptional
factor synthesis by use of antisense RNA techniques may interfere
with the induction of apoptosis. This phenomenon has generally been
observed in cells in which apoptosis is an inductive event requiring
protein synthesis, presumably regulated in part by this family of
transcriptional factors. To our knowledge, a role for this class of
transcriptional regulators has not been reported for fibroblasts under
going apoptosis. On the contrary, prevention of gene expression with
metabolic inhibitors actually induces apoptosis in many cell types,
including fibroblasts.

In the current study, inactivating mutations of leucines within the
leucine zipper domain of AAC- 1â€˜sho,@cDNA ablated its antiapoptotic
function. In preliminary studies, we have observed that AAC-1 â€˜.cho@
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the expression and activity of AAC-1 1 are regulated by growth factors
remains to be determined.
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