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ABSTRACT

Stimulated endothelial cells (EC) assume an activated phenotype with pro-inflammatory and prothrombotic features, requiring new gene and
protein expression. New protein synthesis in activated EC is largely regulated by transcriptional events controlled by a variety of transcription
factors. However, post-transcriptional control of gene expression also influences phenotype and allows the cell to alter protein expression in a
faster and more direct way than is typically possible with transcriptional mechanisms. We sought to demonstrate that post-transcriptional
control of gene expression occurs during EC activation. Using thrombin-activated EC and a high-throughput, microarray-based approach, we
identified a number of gene products that may be regulated through post-transcriptional mechanisms, including the AP-1 transcription factor
JunB. Using polysome profiling, cytoplasts and other standard cell biologic techniques, JunB is shown to be regulated at a post-transcriptional
level during EC activation. In activated EC, the AP-1 transcription factor JunB, is regulated on a post-transcriptional level. Signal-dependent
control of translation may regulate transcription factor expression and therefore, subsequent transcriptional events in stimulated EC. J. Cell.
Biochem. 114: 1519-1528, 2013. © 2013 Wiley Periodicals, Inc.
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W hen stimulated, endothelial cells (EC) assume an activated
phenotype with pro-inflammatory and prothrombotic
features, some of which do not require new gene expression while
many others do [Cines et al., 1998; Kraiss et al., 2005]. New protein
synthesis in activated EC occurs as a result of new gene transcription

controlled by a variety of transcription factors such as NF-kB and
the activator protein-1 (AP-1) family [Collins et al., 1995; Minami

et al., 2004]. Yet post-transcriptional gene regulation also occurs in
EC, and may predominate in some conditions [Kraiss et al., 2000,
2001, 2003; Maeshima et al., 2002].

Perhaps 5-15% of a cell’s expressed gene products are regulated
at translational control points [Kozak, 1991]. Translational control
allows the cell to alter protein expression more rapidly, more
directly, and with greater precision than is typically possible with
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transcriptional mechanisms [Mathews et al., 2000]. Post-transcrip-
tional mechanisms also diversify the cell’s repertoire of gene
regulatory mechanisms by allowing multiple levels of regulation to
be exerted on crucial gene products and providing different patterns
of control at different times. Given the rapidity, complexity, and
spectrum of altered gene expression required to produce the
activated endothelial phenotype, we speculated that translational
mechanisms of gene regulation act in concert with transcriptional
control to determine this response. We and others have shown that
translational control occurs in EC [Kraiss et al., 2000, 2001;
Maeshima et al., 2002]. Therefore, we sought to identify additional
signal-dependent translational mechanisms and characterize im-
portant gene products regulated in this fashion in stimulated
endothelium. Using a high-throughput, microarray-based approach
that estimates the translation activity of large numbers of mRNA
transcripts simultaneously [Zong et al., 1999], the AP-1 transcrip-
tion factor JunB emerged as a particularly intriguing candidate for
translational control in activated EC. Little is known about JunB
function in the vasculature, and translational control of AP-1 gene
expression has not previously been described in non-transformed
cells. In this report, we show that JunB expression is regulated by
translational control in activated EC and demonstrate that signal-
dependent translation is a key mechanism of transcription factor
expression in response to hemostatic and inflammatory stimuli.

Confluent primary cultures of human umbilical vein endothelial
cells were established in 0.2% gelatin-coated six-well dishes as
previously described [Zimmerman et al., 1990]. Cultures were used
for experiments 1 day after they reached confluence (~3-4 days
after initial plating).

Translation state array analysis (TSAA), a high-throughput
method of quantifying the relative distribution of mRNA transcripts
among monosome and polysome subcellular fractions, was
performed after the method of Zong et al. [1999] with some
modifications (Supplementary Fig. 1). The Translation Index (TLI)
for any given gene product is derived from TSAA results and reflects
the redistribution of that gene product’s mRNA between monosome
and polysome in response to a stimulus or change in conditions. A
TLI>> 1 indicates redistribution of mRNA into polysomes (transla-
tional upregulation). A TLI< 1 indicates redistribution of mRNA
into monosomes (translational repression). A TLI~ 1 indicates no
discrete translational control as a result of the stimulus or change in
condition. TSAA and the derivation of the TLI is described in more
detail in the online supplement.

Additional assays including immunofluorescence, immunoblot
analysis, polysome profiling, translational state array analysis,
quantitative real-time RT-PCR (qRT-PCR), nuclear isolations, next-
generation RNA-sequencing, and cytoplast preparations were
performed according to standard techniques. A detailed Methods
Section is available in the online data Supplement.

This investigation conforms with the principles outlined in the
Declaration of Helsinki [1997] and the University of Utah
Institutional Review Board (approval number 392).

HIGH-THROUGHPUT MICROARRAY ANALYSIS IDENTIFIES JunB

AS A TRANSLATIONALLY REGULATED GENE PRODUCT IN
ACTIVATED EC

In a systematic effort to identify translationally regulated gene
products in activated EC, we stimulated human EC cultures with
various agonists and performed separate TSAA for each condition.
The TSAA results for an experiment using thrombin as a stimulus are
presented in Figure 1A-C. Complete TSAA data have been deposited
in NCBI's Gene Expression Omnibus [GEO, http://[www.ncbi.nlm.
nih.gov/geo/] accession number GSE4919. The great majority (94%)
of expressed genes had a TLI ~ 1 indicating absence of translational
control. However, this approach identified a number of candidates
(2.29%) for translational upregulation (Fig. 1C). When the TSAA
results for a variety of agonists were compared (Fig. 1D and
Supplementary Fig. 2), the TLI value for the AP-1 transcription
factor JunB was frequently but not invariably >2.5, indicating that
its mRNA had redistributed to the polysome fraction in the
stimulated cells and providing further evidence for translational
control under a variety of conditions. The TLI for B-actin never
varied significantly from a value of 1 (Fig. 1D).

We studied JunB’s expression in response to thrombin because
human EC respond extremely rapidly to this agonist and AP-1
family members are implicated in EC activation [Delerive et al.,
1999; Wang et al., 2001; Bavendiek et al., 2002; Eyries et al., 2002;
Hipp et al., 2002]. Further, JunB frequently appeared as a candidate
for translational control in several TSAA experiments yet mechan-
isms regulating JunB expression in activated EC are uncharacterized
and translational control of AP-1 factors in the vasculature has not
been described.

POLYRIBOSOMES ARE ENRICHED WITH JunB mRNA FOLLOWING
STIMULATION OF EC BY THROMBIN

In order to verify that cellular activation does indeed produce a
redistribution of JunB mRNA to the polysome as predicted by TSAA,
EC cultures were treated with thrombin and processed to yield
ribosomal fractions that span the progression from monosomes to
higher order polysomes. Amounts of B-actin and JunB mRNA in
each fraction were determined by quantitative real-time polymerase
chain reaction (QRT-PCR). Consistent with its role as an intracellular
structural protein, B-actin mRNA was distributed throughout the
polysome profile suggesting constitutive ongoing translation and
did not show a significant response to thrombin (Fig. 2A). This is also
consistent with TSAA results (Fig. 1C,D). In contrast, the relative
abundance of JunB mRNA was markedly increased in polysomes
after thrombin stimulation and was distributed across the majority
of polysome fractions (Fig. 2B).

By inspection of the qRT-PCR results, thrombin-treated EC
contained an overall increase in polyribosome-associated JunB
mRNA. However, thrombin stimulation did not produce an overall
change in steady state mRNA levels at 2 h for either 3-actin or JunB
mRNA (right panels, Fig. 2A,B; see also Fig. 3A). We surmized that
the apparent increase in JunB mRNA present in the thrombin-
treated polyribosomal samples represents mobilization of JunB
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Fig. 1.

TSAA indicates that a subset of genes in thrombin-activated EC are translationally regulated. Confluent human EC were treated with thrombin (2 U/ml, 2 h) or vehicle

and polyribosome preparations were fractionated and pooled into monosome or polysome samples and analyzed by microarray. TLI values for each array element were derived as

described in Methods Section and the online data supplement. Panel A: Polysome profile tracings from thrombin stimulated (left panel) or control cells (right panel) illustrating
the demarcation used to separate monosome and polysome fractions. Panel B: Histogram of TLI values for 1169 genes expressed above background in either control or

stimulated EC. Panel C: Selected gene products whose TLI suggests translational repression (TLI < 0.4), absence of translational regulation (0.4 < TLI < 2.5) or translational
upregulation (TLI > 2.5). Note JunB TLI = 2.84. Panel D: Translationally upregulated candidate genes. HUVEC were treated with the indicated agonist or control for 2 h (except

serum, 6 h) and then processed for TSAA (see on-line supplement for detailed Methods Section).

mRNA to the translational apparatus from storage ribonucleoprotein
complexes [Zong et al., 1999; Anderson and Kedersha, 2006].

THROMBIN-TREATED EC RAPIDLY EXPRESS JunB PROTEIN IN

THE NUCLEUS

Immunodetection techniques were then used to determine if
enrichment of polyribosomes with JunB mRNA in thrombin-
stimulated EC produced an increase in JunB protein. EC were
treated for 2 h with thrombin or vehicle and parallel samples were
prepared for nuclear isolation and total RNA analysis. Nuclear
lysates were analyzed for the presence of JunB by Western blotting
while total RNA was probed for JunB by semi-quantitative
polymerase chain reaction (PCR; Fig. 3A). Under control
conditions, JunB mRNA was readily detectable but little or no
protein was present in nuclear lysates (Fig. 3A). Nonetheless, JunB
protein was invariably detected in the nuclear compartment
following thrombin stimulation, without a change in total mRNA
levels (Fig. 3A,B), a classic pattern indicating post-transcriptional
control [Mathews et al., 2000]. Since these changes in nuclear
JunB protein levels might have resulted from translocation of
constitutive protein from the cytoplasm, immunocytochemical

studies were also performed (Fig. 3B). These studies demonstrated
no detectable JunB protein in the cytoplasm of resting,
unstimulated EC but abundant protein in the perinuclear region
and nuclei of thrombin-stimulated EC.

One advantage of regulating gene expression at the translational
level is the potential for rapid protein expression in response to
appropriate signals, assuming a pre-existing reservoir of cognate
mRNA [Mathews et al., 2000]. This biologic advantage is satisfied for
JunB. Figure 3C illustrates that increases in JunB protein are
detected in thrombin-treated EC as soon as 15-30min after
stimulation and dramatically by 1h. Relative to transcriptionally
regulated EC gene products such as E-selectin [Bevilacqua et al.,
1989], this rapid appearance of protein is again consistent with
signal-dependent post-transcriptional control [Mathews et al.,
2000]. Thrombin receptor activating peptide-6 (TRAP-6), a specific
activator of protease activated receptor 1 (PAR-1), stimulated JunB
production in a similar manner (not shown), demonstrating that this
response was thrombin specific and receptor dependent. Small
differences in basal levels of JunB protein expression are likely due
to variations in handling and experimental manipulation producing
a low-level of activation in some primary EC cultures.
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Fig. 2.

JunB mRNA is selectively enriched in polyribosomes of thrombin-stimulated EC. Ribosome samples corresponding to monosomes or polysomes were prepared from

cellular lysates by centrifugation through a sucrose density gradient. Gradients were collected in eight fractions from top to bottom by upward displacement. RNA from the first-
three fractions was pooled to form the Mono fraction, which consists of monosomes migrating in the least dense sucrose region. The remaining five fractions (poly1-poly 5)
contain polyribosomes in the more dense sucrose regions. Relative amounts of mRNA for 3-actin (panel A) and JunB (panel B) in monosome or individual polysome fractions
were determined simultaneously using quantitative PCR. Values for total cellular mRNA for B-actin and JunB (right panels) were determined from aliquots of cell lysates
sampled before polyribosome purification. Differences in overall JunB expression between control and thrombin stimulation were not statistically significant ( P-values =0.2—

0.3). Results represent three separate experiments.

TRANSCRIPTION IS NOT REQUIRED FOR JunB SYNTHESIS IN EC

In order to determine whether thrombin-induced JunB protein
expression occurred independent of new transcription, we stimu-
lated EC in the presence of the transcriptional inhibitor actinomycin
D. At concentrations of actinomycin D that blocked uridine
incorporation (0.125 pg/ml; Fig. 4A), thrombin continued to induce
JunB protein (Fig. 4B). In additional experiments we confirmed
that actinomycin D inhibited thrombin-induced IL-8 expression,
a protein known to transcriptionally regulated in activiated EC
(Fig. 4C). Thus, continued expression of JunB despite pretreatment
with actinomycin D implies a post-transcriptional mode of
regulation.

To further demonstrate transcriptional independence of JunB
protein synthesis in activated EC, we utilized an anucleate EC
system. EC were enucleated by centrifugation to produce cytoplasts
incapable of transcription [Prescott et al., 1972; Veomett et al., 1976]
but with intact signal transduction as evidenced by actin
rearrangement and p38 MAPK phosphorylation in response to
activation (unpublished observations, 2006). In situ hybridization
confirmed the presence of JunB mRNA in the cytoplasm (Fig. 5A)

consistent with the PCR data displayed in Figure 3A. When
stimulated with thrombin, enucleated endothelial cytoplasts
expressed JunB protein detected by immunohistochemical analysis
(Fig. 5B, lower left panel). JunB detection in nucleated cells not
stimulated with thrombin (Fig. 5B, upper left panel) results from
activation of EC during the cytoplast preparation (see online
Materials and Methods Section). Nevertheless, the anucleate
cytoplasts clearly show an inducible staining pattern specific for
JunB which depends on the activation by thrombin (Fig. 5B, left
panels).

Taken together, the actinomycin D and cytoplast experiments
(Figs. 4 and 5, respectively) indicate that JunB mRNA is basally
present and can be recruited to polysomes (Fig. 2) for translation of
the protein product independent of new transcription.

THROMBIN INDUCES ASSOCIATION OF JunB mRNA AND elF4E

Translational control is most commonly exerted at its initiation
[Mathews et al., 2000]. Eukaryotic initiation factor 4E (eIF4E) is a
key regulator that binds to the 5 cap of mRNAs destined for
translation [Gingras et al., 1999]. According to the scanning model
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Fig. 3. Endothelial JunB protein expression and nuclear localization are rapidly induced by thrombin without an increase in overall JunB mRNA. Panel A: Thrombin induces
JunB protein expression in the nucleus without a corresponding change in overall JunB mRNA. Human EC were stimulated with thrombin (2 U/ml, 2 h). Separate samples were

prepared for total RNA analysis by PCR and Western blotting of nuclear protein lysates. Bottom panel represents total protein staining to assure equal loading. Results are
representative of multiple (>3) experiments. Panel B: Thrombin induces appearance of JunB protein in the nucleus and perinuclear cytoplasm. Human EC were stimulated with
thrombin (2 U/ml, 2 h) and then incubated with anti-JunB antibody (green) and propidium iodide to stain nuclei (red) as described in Methods Section. Controls included non-
immune IgG, which revealed no staining (not shown). Results represent three independent experiments. Panel C: Increased JunB protein expression by EC is rapidly apparent

following thrombin stimulation. Human EC were stimulated with thrombin (2 U/ml, 2 h) and assayed for JunB by Western blotting at the indicated times. Bottom panel
represents total protein staining to assure equal loading. The blots are representative of four separate experiments.

of translation, the initiation complex, which cannot assemble
without elF4E, binds to the 5’ cap and scans the 5'-untranslated
region (UTR) until a translation start codon is encountered [Hershey
and Merrick, 2000]. Messenger RNA molecules that are transla-
tionally regulated commonly have 5'-UTRs with highly complex
secondary structures that present a physical barrier to unregulated
scanning [Hershey and Merrick, 2000]. The e[F4E-containing multi-
protein initiation complex has helicase activity, which facilitates
scanning through highly structured regions by linearizing the
secondary structure [Gingras et al., 1999].

We performed next-generation deep RNA sequencing [Wang
et al., 2009] on EC-derived mRNA (Fig. 6A) as well as TA cloning and
sequencing of the 5'-UTR for EC-derived JunB (data not shown)
followed by computerized analysis of its secondary structure. The
TA cloning derived sequence of the 5'-UTR has been deposited in
GenBank, accession number DQ650707. Using these techniques, the
JunB 5'-UTR was unambiguously detected with a length of ~300 bp
and possesses a calculated free energy (AG) of —221.6kcal/mol
while the 5'-UTR of B-actin has a relatively simple secondary
structure (AG = —30.3 kcal/mol; Fig. 6B). A commonly accepted
threshold for regulated translation is a 5'-UTR AG = —50 kcal/mol
[Brown and Schreiber, 1996; Hershey and Merrick, 2000]. Because
the predicted structure of the JunB 5-UTR and our experimental
results to this point were consistent with translational control, we
next asked if thrombin stimulation induces association of the JunB
transcript with elF4E. Anti-elF4E immunoprecipitates from throm-

bin-activated EC contained JunB mRNA whereas elF4E immuno-
precipitates from control cells did not, thus demonstrating a signal-
dependent association between a crucial translational control factor
and the JunB transcript (Fig. 6C). In contrast, thrombin treatment did
not affect the levels of B-actin mRNA associated with eIF4E.
Furthermore, consistent with constitutive translation of this
structural protein (see also Fig. 2A), B-actin mRNA was associated
with elF4E in control, unstimulated EC.

TRANSLATIONAL CONTROL AS A REGULATOR OF TRANSCRIPTION
FACTOR EXPRESSION AND FACILITATOR OF RAPID EC ACTIVATION
EC stimulated with thrombin assume a prothrombotic and pro-
inflammatory phenotype [Cines et al., 1998; Kraiss et al., 2005]. A
major mechanism contributing to this activated phenotype is
induction of a new transcriptional program [Minami et al., 2004]. A
variety of transcription factors regulate this program, implying the
existence of thrombin-sensitive pathways that modulate transcrip-
tion factor activity or expression at even earlier time points.
Mobilization of a pre-existing reservoir of mRNA to polyribo-
somes is a method of rapidly inducing new protein expression
without the delay and energy expenditure of upstream transcription
[Kozak, 1991; Mathews et al., 2000]. Our studies demonstrate that
this is a major mechanism by which JunB protein expression is
regulated in EC. Pre-existing JunB mRNA resides in the cytoplasm
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(Fig. 5A). It has a highly complex 5-UTR with a calculated free
energy consistent with translational regulation (Fig. 6A,B), and
associates with elF4E in response to an activating stimulus (Fig. 6C).
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Fig. 4. Thrombin induces JunB protein expression despite transcriptional
inhibition by actinomycin D. Panel A: Endothelial uptake of *H-uridine is
inhibited by actinomycin D. Human EC were cultured in the presence of
actinomycin D for 30min before addition of *H-uridine (1 wCi/ml) and
thrombin (2U/ml, 2h). Samples were then processed for beta emission
spectroscopy (n = 3). Statistically significant differences (P < 0.05) relative
to no treatment are indicated by an asterisk. Panel B: JunB protein expression is
preserved in the presence of actinomycin D in thrombin-stimulated EC. EC were
pre-treated with the indicated concentration of actinomycin D (or an equiva-
lent amount of DMSO) for 30 min prior to thrombin stimulation (2 U/ml, 2 h).
Cells were then processed for Western blotting. Bottom panel represents total
protein staining to assure equal loading. The immunoblot is representative of
three separate experiments. Densitometry, using ImageJ (http://rsb.info.nih.-
gov/ijf), of the three immunoblots is graphically represented. Differences in
JunB expression were not statistically significant. Panel C: IL-8 protein
expression is reduced in the presence of actinomycin D in thrombin-stimulated
EC. EC were pre-treated with the indicated concentration of actinomycin D (or
an equivalent amount of DMSO) for 30 min prior to thrombin stimulation (2 U/
ml, 2h). Cells were then processed for ELISA. The bargraph represents the
results from two independent experiments.

JunB protein is then rapidly synthesized and accumulates in the
nucleus (Fig. 3A,B).

Translational regulation also represents an additional checkpoint
for regulating expression of biologically potent gene products such
as transcription factors [Kozak, 1991] pointing to a complex
interplay between translational and transcriptional events that
regulate gene expression. We have identified other transcription
factors whose expression is controlled by translational regulation
responding to outside-in signals. Bcl-3, a member of the extended
NF-«B family of transcription factors, is rapidly synthesized from
pre-existing mRNA in activated platelets [Weyrich et al., 1998] and
shear-stressed EC [Kraiss et al., 2000]. Neutrophils synthesize
retinoic acid receptor-a (RAR-a) from constitutively expressed
mRNA in response to cellular activation [Yost et al., 2004]. Our
studies of JunB in activated EC add to this body of evidence and
suggest that translational control is a common mode of regulation
used by a variety of cells to determine transcription factor levels
over relatively short-time frames in response to cellular activation.
Translational regulatory mechanisms thereby influence subsequent
transcriptional activity [Kraiss et al., 2000; Yost et al., 2004] and
patterns of expressed proteins.

Discrete control of translational events by extracellular stimuli
such as thrombin implies the existence of signaling pathways that
directly target and regulate ribosomal function. AP-1 family activity
has previously been shown to be under the control of both the ERK
and p38 MAPK signaling pathways [Karin, 1995]. Thrombin
activates both ERK and p38 MAPK in EC within 5min but only
blockade of the p38 MAPK pathway inhibits JunB expression in
response to thrombin (Supplementary Fig. 3). These data suggest
that the p38 MAPK pathway directly impinges on translational
pathways as part of the mechanism by which it regulates AP-1
transcription factor activity. Interestingly, a highly specialized
translational control pathway centered on mTOR, which is
responsible for early synthesis of RAR-a and the urokinase
plasminogen activator receptor in myeloid leukocytes [Mahoney
et al., 2001; Yost et al., 2004], is not activated in ECs by thrombin
and appears not to be involved in JunB expression induced by
thrombin (Supplementary Fig. 3). These findings differ from those of
a recent report in which the mTOR pathway was found to mediate
translational control of JunB in some anaplastic large cell
lymphomas [Staber et al., 2007]. Thus, regulation of JunB synthesis
may vary in a cell-specific fashion in neoplastic and non-neoplastic
cell types.

AP-1 TRANSCRIPTION FACTORS AND EC ACTIVATION

The biology of AP-1 is complex. The family includes at least 12
separate proteins of the Jun, Fos, or activating transcription factor
(ATF) isoforms that form homo- or heterodimers which then bind to
sequence-specific sites in the promoter regions of the genes they
regulate [Karin et al., 1997]. AP-1 dimer composition and DNA
binding activity reflect the relative amounts of AP-1 family members
available for interaction [Mechta-Grigoriou et al., 2001]. AP-1 dimer
biological activity is highly cell-type dependent as is dimer
composition, which can also vary temporally in different conditions
[Chinenov and Kerppola, 2001]. Thus, a full understanding of
transcriptional regulation by AP-1 in a particular biologic context
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requires knowledge of the relative abundance of individual AP-1
components in the DNA-bound dimers. The relative abundance of
various AP-1 family members in activated endothelial cells is largely
uncharacterized. Nonetheless, this regulatory system clearly plays an
important role in producing the activated endothelial phenotype in
response to a variety of agonists [Shono et al., 1996; Chien et al., 1998;

Delerive et al., 1999; Wang et al., 2001, 2002; Bavendiek et al., 2002;
Dichtl et al., 2003; Fantozzi et al., 2003; Fisslthaler et al., 2003; Jensen
and Whitehead, 2003; Rodriguez-Pascual et al., 2003; Wedgwood
et al., 2003; Hsu et al., 2004].

The individual role(s) of the various AP-1 family members is
better described in oncological studies, where certain general-
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Fig. 6. Thrombin stimulation induces association of elF4E and JunB mRNA in human EC. Panel A: Next-generation RNA-sequencing of endothelial cell JunB transcript 5'-UTR.
Polyadenylated RNA was isolated from unstimulated EC and was subsequently used for next-generation RNA-sequencing. The JunB gene (bottom portion) is represented by a

thick (exon) lines, 5'- and 3'- ends of the gene are labeled accordingly. The position on the chromosome is indicated by the numbers on the x-axis. The diagram above the gene
pictorial (top portion) represents EC-derived transcripts that were fragmented, sequenced, and subsequently matched and aligned to JunB using the Integrated Genome Browser

(IGB). The y-axis represents the abundance of hits matched to the appropriate part of the gene. Panel B: Predicted folding structures and associated free energy values for the 5'-
UTRs of JunB and B-actin (DNASIS, Hitachi Genetic Systems). The predicted secondary structures and free energies of the JunB and S-actin 5' UTR are illustrated. A free energy

value <50 kcal/mol suggests that a regulated event to linearize the secondary structure is necessary to efficiently translate the mRNA transcript. Panel C: JunB mRNA is detected
only in elF4E immunoprecipitates derived from thrombin-stimulated EC. Human EC were treated with thrombin (2 U/ml, 2 h). Immunoprecipitates were prepared using anti-

elF4E (or non-immune IgG) antibodies and probed for either 3-actin or JunB mRNA by PCR.

izations have emerged [Shaulian and Karin, 2002]. Numerous stress
cytokines and mitogens activate c-Jun and promote cellular
proliferation. In most instances, JunB functions as a biological
inhibitor of c-Jun and inhibits cell growth (and perhaps other c-Jun-
dependent processes). On the other hand, we observed JunB
induction in response to serum stimulation (Supplementary Table I),
as have others [Mechta-Grigoriou et al., 2001], and we found that
JunB antisense oligonucleotides inhibit growth in juvenile,
subconfluent EC cultures (Supplementary Fig. 4). These results
are consistent with observations that anti-JunB antibodies prevent
cell cycle entry in other cell types [Kovary and Bravo, 1991].

The role of JunB in mature, confluent EC exposed to activating
stimuli may be different than its role in subconfluent or proliferating
endothelium. Perhaps induction of JunB by the same stimuli
that induce c-Jun activity occurs to dampen or temper the
effects that would result from unregulated transcriptional activation
on the part of c-Jun. We found that thrombin triggers c-Jun
phosphorylation (and presumably activation) in EC as early as
30min after stimulation (unpublished data, 2005)—At virtually
the same time that newly synthesized JunB is detectable.
Therefore, one role of JunB in activated EC may be to modulate
c-Jun function.

Thus, the function of JunB in EC as an individual member may be
as complex and context-dependent as the entire AP-1 family, with
different effects that depend on the biological conditions, including
the growth state of the cell and relative abundance of other AP-1

components available for interaction [Shaulian and Karin, 2001;
Eferl and Wagner, 2003].

In summary, strategies such as TSAA that examine post-
transcriptional regulation have not been previously applied to EC
which, conversely, have received extensive attention regarding
transcriptional control. We validated TSAA results predicting that
JunB is translationally regulated; prior to these studies, there was no
indication that JunB expression was under discrete translational
control in EC. Thus, TSAA should be a useful strategy to identify
many heretofore unrecognized instances of signal-dependent
translational control in EC biology. The results of such studies
will expand our insight into the diversity of gene expression control
mechanisms that produce the activated EC phenotype.
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