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Glucocorticoids downregulate Fyn
and inhibit IP_-mediated calcium signaling
to promote autophagy in T lymphocytes
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T cell receptor activation induces inositol 1,4,5 trisphosphate (IP,)-mediated calcium signaling that is essential for cell
metabolism and survival. Moreover, inhibitors of IP, or pharmacological agents that disrupt calcium homeostasis
readily induce autophagy. Using a glucocorticoid-sensitive CD4/CD8 positive T cell line, we found that dexamethasone
prevented both IP,-mediated and spontaneous calcium signals within a timeframe that correlated with the induction of
autophagy. We determined that this loss in IP,-mediated calcium signaling was dependent upon the downregulation of
the Src kinase Fyn at the mRNA and protein level. Because it has previously been shown that Fyn positively regulates IP,-
mediated calcium release by phosphorylating Type I IP, receptors (IP,R1), we investigated the effect of glucocorticoids
on IP.R1 phosphorylation at Tyr353. Accordingly, glucocorticoid-mediated downregulation of Fyn prevented IP,R1
phosphorylation at Tyr353. Moreover, selective knockdown of Fyn or treatment with a Src inhibitor also attenuated
IP.-mediated calcium release and induced autophagy. Collectively, these data indicate that glucocorticoids promote
autophagy by inhibiting IP.-dependent calcium signals. These findings carry important therapeutic implications given

the widespread use of dexamethasone as both a chemotherapeutic and immunosuppressive agent.

Introduction

Calcium is a versatile and dynamic 2" messenger that regulates
numerous biological processes including apoptosis and auto-
phagy.! In lymphocytes, calcium is released from the endoplasmic
reticulum (ER) to the cytosol following antigenic stimulation.?
Ligation of T cell receptors induces a signaling cascade that is
regulated by several tyrosine kinases and phosphatases. For
example, Src family kinases Fyn and Lck regulate calcium release
by catalyzing the activation of phospholipase Cvy to generate cel-
lular pools of IP,.>® In addition, both Fyn and Lck physically
interact with IP, receptors to positively regulate ER calcium
release.*” Fyn specifically phosphorylates Type I IP.R (IP,R1)
in the IP -binding domain, thereby increasing its affinity for IP,
and stimulating the release of calcium.®

When calcium is released from the ER, it is transported across
the mitochondrial membrane by the uniporter calcium chan-
nel.’ The ability of calcium to be taken up by mitochondria is
facilitated by the close proximity of the two organelles. Upon
entry into the mitochondria, calcium functions as a cofactor by
activating enzymes that are required for the generation of ATP.!
This process is essential for T cell development given that positive
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selection of thymocytes requires IP,-mediated calcium release to
generate a sufficient pool of mitochondrial ATP.! Alternatively,
cytosolic calcium that is not taken up by mitochondria can acti-
vate the phosphatase calcineurin which subsequently catalyzes
the de-phosphorylation of NFAT, a prosurvival transcription fac-
tor that regulates proliferative cytokines like IL-2.1213
Glucocorticoids are immunomodulatory hormones that inhibit
IP,-mediated calcium signals and block cell proliferation.' Because
of this they are potent immunosuppressive agents. For example,
glucocorticoids block T cell activation by preventing phosphoryla-
tion of T cell signaling molecules, such as Fyn, and downstream
mitogen activated protein kinases.”'® The ligand-activated gluco-
corticoid receptor also inhibits IL-2 synthesis by blocking NFAT
and NFkB-dependent transcriptional activation.”" Thus, syn-
thetic glucocorticoid derivatives (e.g., prednisone and dexametha-
sone) are widely used as immunosuppressive agents in virtually
all areas of medicine.?” In addition, glucocorticoids have profound
cytotoxic effects in immature T cells because of their ability to
induce apoptosis.”’** While this observation led us to investigate
the process of glucocorticoid-induced apoptosis for many years,
we and others have recently shown that glucocorticoids simultane-
ously induce macroautophagy (i.e., autophagy) in lymphoid cell
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Figure 1. Glucocorticoids inhibit IP,-mediated and spontaneous calcium signals. (A) WEHI 7.2 T cells were pretreated with varying concentrations of
dexamethasone for 24 hours and IP,-mediated calcium release was assessed by stimulation with 20 ug/mL (1/50) soluble anti-CD3 antibody (the arrow
indicates the time in which antibody was added). Each trace represents the mean from approximately 50 cells; a representative experiment is shown.
(B) The mean peak amplitude was calculated for each dexamethasone concentration in (A) and for concentrations of 1 and 1,000 nM, respectively. The
asterisk denotes p < 0.05. (C) Cells were pretreated as in (A) and IP,-mediated calcium oscillations (>3 spikes) were assessed by stimulation with 2 ug/
mL (1/500) soluble anti-CD3 antibody. (D) Cells were pretreated with 10 nM dexamethasone for 20 hours and spontaneous calcium oscillations were
assessed (i.e., no agonist was added). (E) Quantification of the mean percentage of cells undergoing spontaneous calcium oscillations in the presence
of 10 nM dexamethasone from three independent experiments. The asterisk denotes p < 0.05. Error bars represent the S.E.M. Data from (A-C) has
been confirmed in multiple independent experiments. Ethanol (0.1%) was used as a vehicle (cntrl) for dexamethasone.

lines and primary leukemia cells.?*® Although, to date, there is
little mechanistic insight as to how this process occurs.

In an effort to investigate the mechanism of glucocorticoid-
induced autophagy, we hypothesized that the inhibition of
IP,-mediated calcium signaling by dexamethasone was respon-
sible for the induction of autophagy. This hypothesis is based,
in part, on recent evidence that IP, antagonizes autophagy and
that pharmacological inhibitors or siRNAs against IP_Rs induce
autophagy.””?® By microarray analysis, we discovered that gluco-
corticoids downregulated the Src kinase Fyn. Decreased expres-
sion of Fyn, in turn, prevented IP,R1 phosphorylation at Tyr353
and inhibited cytosolic calcium elevation. Selective knockdown
of Fyn also inhibited IP,-mediated calcium release and induced
autophagy, leading us to the conclusion that glucocorticoid-
induced autophagy occurs, at least in part, because of attenuated
calcium signaling.

www.landesbioscience.com
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Results

Glucocorticoids inhibit IP,-mediated calcium signals. Immarture
T cells are highly susceptible to the effects of dexamethasone.
In cthis study, we utilized murine WEHI 7.2 cells because they
are double positive (CD4*/CD8") and closely resemble cortical
thymocytes. In addition, Bcl-2 protein levels are virtually nonde-
tectable in WEHI 7.2 cells, and thus, Bcl-2 is not a confounding
factor when assaying for apoptosis or autophagy.

When WEHI 7.2 cells were incubated with varying concen-
trations of dexamethasone for 24 hours, we observed that IP,-
mediated calcium elevation (induced by anti-CD3 antibody), was
markedly attenuated in a dose-responsive fashion (Fig. 1A and
B). Anti-CD3 antibody can induce calcium transients or oscilla-
tions when administered at high and low concentrations, respec-
tively.?” Calcium oscillations induced by a low concentration of
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Figure 2. Dexamethasone downregulates Fyn expression. (A) WEHI 7.2 T cells were treated with varying concentrations of dexamethasone for 24
hours. Fyn mRNA levels were assessed by real-time PCR in triplicate and results were confirmed in independent experiments. (B) Cells were treated as
in (A) and Fyn expression was measured by western blotting. (C) Cells were treated with dexamethasone for 3-24 hours and Fyn was measured as in
(B). (D) CEMC7 (T-ALL) cells were treated with dexamethasone for 24 or 36 hours and Fyn was measured as in (B). Ethanol (0.1%) was used as a vehicle
(cntrl) for dexamethasone. B-actin was used as a loading control in all parts. Data are representative of multiple independent experiments.

anti-CD3 were also inhibited by dexamethasone, as were sponta-
neous calcium oscillations that occurred in the absence of ligand
stimulation (Fig. 1C-E). While the mechanism has not been
fully elucidated, these data complement previous studies that
have demonstrated an inhibitory effect of glucocorticoids on IP,-
mediated calcium responses in T cells."

Glucocorticoid-mediated inhibition of calcium signaling
is dependent on the Src kinase Fyn. To better understand how
glucocorticoids inhibit IP,-mediated calcium responses, we con-
ducted microarray analysis in dexamethasone-treated WEHI
7.2 and S49A.2 cell lines and in primary thymocytes.* Gene
expression analysis revealed that Fyn was one of 207 genes dif-
ferentially regulated by dexamethasone in all three cell popula-
tions, where the mean signal log, ratio was -0.3375 after 6 to 24
hours of treatment (the negative value indicates gene repression).
Fyn was ranked 10% out of 121 genes that were most signifi-
cantly downregulated in all three model systems. We confirmed
that Fyn mRNA levels were downregulated by dexamethasone
by real-time qPCR (Fig. 2A). Similar results were obtained
when Fyn protein expression was measured by western blotting
in WEHI 7.2 cells and the T-ALL line CEMC?7 (Fig. 2B-D).
In WEHI 7.2 cells, the most dramatic decrease in Fyn expres-
sion was observed between 12 and 24 hours of treatment with
dexamethasone, which was associated with the inhibition in IP,-
mediated calcium signaling reported in Figure 1.
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To directly test whether this downregulation of Fyn contrib-
uted to glucocorticoid-mediated inhibition of calcium signaling,
we selectively targeted Fyn with siRNAs to reduce its expres-
sion. siRNAs decreased Fyn expression by greater than 70%
but did not significantly affect the level of Lck, indicating that
the siRNAs did not have off-target effects on other Src kinases
(Fig. 3A). Accordingly, a reduction in Fyn or treatment with the
Src inhibitor PP2 was sufficient to reduce IP,-mediated calcium
release (Fig. 3B—E). When analyzing calcium responses in single
cells (as opposed to a mean population of cells) we observed that
the calcium signaling pattern was altered when Fyn levels were
decreased (Fig. 3C). Specifically, the transient elevation shown
in the control cell population was converted to repetitive oscilla-
tions that were significantly lower in amplitude. These responses
were delayed relative to control cells, as shown by the latency
period following addition of anti-CD3 antibody. Importantly,
calcium responses were not affected by stimulation with the
SERCA inhibitor thapsigargin, which is an indirect measure of
ER luminal calcium (data not shown). Together, these data indi-
cate that dexamethasone-induced downregulation of Fyn is par-
tially responsible for diminished IP,-mediated calcium responses.

Downregulation of Fyn inhibits IP,R1 phosphorylation at
Tyr353. Because dexamethasone treatment resulted in the down-
regulation of Fyn, we hypothesized that this downregulation
would prevent Fyn-mediated phosphorylation of IP,R1. It has
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Figure 3. Fyn regulates IP,-mediated calcium responses. (A) WEHI 7.2 T cells were transfected with Fyn siRNAs (or non-targeting control siRNAs) as de-
scribed in materials and methods. Fyn levels were measured by western blotting 24 hours post-transfection. -actin was used as a loading control. (B)
IP.-mediated calcium release was assessed by stimulation with 13 pug/mL (1/75) soluble anti-CD3 antibody (the arrow indicates the time in which anti-
body was added). Each trace represents the mean from approximately 50 cells; a representative experiment is shown. (C) A representative single cell
trace from (B) to illustrate the oscillations elicited from Fyn knockdown cells. (D) The mean peak amplitude was quantified from Fyn knockdown cells
relative to the control in four independent experiments. The asterisk denotes p < 0.05. (E) WEHI 7.2 cells were pretreated with the pan-Src inhibitor PP2
for 1 hour prior to stimulation with anti-CD3 and the mean peak amplitude was quantified. Similar results were obtained in independent experiments.

previously been shown that Fyn phosphorylates IP,R1 at Tyr353,
and that this phosphorylation event is required for IP,-mediated
calcium release in both B and T lymphocytes.® We measured
phosphorylation of IP.R1 at Tyr353 by western blotting using
an antibody specific for this phosphorylation site.** We found
that phosphorylation at Tyr353 was decreased after 16—24 hours
of treatment with dexamethasone (Fig. 4A and C). Interestingly,
dexamethasone increased the total level of IP R1, which caused
the ratio of phosphorylated (Tyr353) to total IP,R1 to be reversed
from high to low (Fig. 4B). Although this is the first study dem-
onstrating that dexamethasone attenuates IP,R1 tyrosine phos-
phorylation, this result is consistent with our recent finding that
glucocorticoids upregulate the level of IP,Rs? (see discussion).
Because dexamethasone downregulates Fyn and subsequently
inhibits IP,-mediated calcium signaling, it would be antici-
pated that knocking down IP,Rs would have a similar effect.
As expected, knockdown of IP Rs with siRNAs partially inhib-
ited IP,-mediated calcium release in a similar manner as in Fyn

knockdown cells (Fig. 4D-F). This is further exemplified in
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Figure 4D which demonstrates that IP,R knockdown cells do
not undergo transient calcium elevations, but elicit delayed oscil-
lations that are significantly lower in amplitude and duration.
Glucocorticoid-induced autophagy precedes cell death and
apoptosis. As mentioned previously, glucocorticoids induce
autophagy in immature T cell populations, especially when apop-
tosis is blocked by Bcl-2 overexpression or caspase inhibition.”
Yet, glucocorticoid-induced autophagy, as measured by LC3II
accumulation and degradation of p62,°*% also occurs in wild-
type WEHI 7.2 cells that have low levels of Bcl-2 (Fig. 5A-D).
Importantly, glucocorticoid treatment results in LC3II accumu-
lation in the presence and absence of lysosomal inhibitors, indi-
cating that autophagic flux has occurred and that our observed
increase in LC3II is not due to an aberration in lysosomal degra-
dation (Fig. 5C and D). We also observed that dexamethasone
was capable of inhibiting mTOR signaling as shown in Figure
5E where phosphorylation of mTOR substrates S6 kinase and
4EBP1 were reduced. This result suggests that dexamethasone
may inhibit mTOR signaling as a result of Fyn downregulation
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Figure 4. Dexamethasone inhibits IP,R1 phosphorylation at Tyr353. (A) WEHI 7.2 T cells were treated with dexamethasone for 16 and 24 hours. IP,R1
phosphorylation at Tyr353 was measured by western blotting using an antibody specific for this phosphorylation site. Total levels of IP,R1 were mea-
sured simultaneously which were previously shown to be elevated by dexamethasone.* (B) The ratio of phosphorylated IP_R1 at Tyr353 to total IP,R1
after 24 hours of dexamethasone treatment was quantified by densitometry. (C) The ratio of phosphorylated IP,R1 at Tyr353 to actin was quantified
as in (B). Results are from three independent experiments. The asterisk denotes p < 0.05. (D) Cells were transfected with IP_R siRNAs targeting all three
subtypes (or nontargeting control siRNAs). IP.-mediated calcium release was assessed by stimulation with 20 pg/mL (1/50) soluble anti-CD3 antibody
(the arrow indicates the time in which antibody was added). A representative single cell trace is shown to illustrate the oscillations elicited from IP.R
knockdown cells. (E) The mean peak amplitude was quantified from IP,R knockdown cells relative to control cells in four independent experiments.
The asterisk denotes p < 0.05. (F) IP,R levels were measured 24 hours post-transfection. 3-actin was used as a loading control.

or alternatively, through an independent pathway. In either cir-
cumstance, it is likely that mTOR inhibition contributes to the
mechanism of glucocorticoid-induced autophagy.

Finally, we determined that glucocorticoid-induced auto-
phagy occurs prior to the onset of apoptosis (Fig. 5A, B and F).
For example, treatment with dexamethasone for 16 hours pro-
duces little to no change in cell viability or apoptosis (Fig. 5F).
Even after 24 hours of treatment with dexamethasone the vast
majority of cells (approximately 70%) are nonapoptotic. Thus,
the ability of dexamethasone to inhibit IP,-mediated calcium sig-
nals is neither strongly associated with apoptosis nor cell death.
In contrast, we found that glucocorticoid-induced autophagy
occurs during the timeframe in which Fyn is downregulated and
hence IP,R1 phosphorylation and calcium signaling is also inhib-
ited (Figs. 1, 2, 4 and 5).

Downregulation and inhibition of Fyn promotes autophagy.
Based on these results, we predicted that the downregulation of
Fyn by dexamethasone and subsequent inhibition of IP,R1 phos-
phorylation was responsible for the induction of autophagy. To
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better address this hypothesis, we selectively knocked down Fyn
using lentiviral shRNAs; a stable Fyn knockdown was generated
to minimize the degree of cellular stress (i.e., cell death) typically
associated with transient transfection. The lentiviral knockdown
did not decrease Lck levels demonstrating that these shRNAs
were highly selective for Fyn (data not shown). As shown in
Figure GA, there was no difference in apoptosis between control
cells and those expressing Fyn shRNAs (p = 0.2). However, Fyn
knockdown cells had a higher level of autophagy relative to con-
trol cells, as shown by an increase in LC3II and decrease in p62
(Fig. 6B and C). Interestingly, mTOR signaling was markedly
attenuated in Fyn knockdown cells as determined by levels of
phosphorylated S6 kinase and 4EBP1 (Fig. 6D). These results
are strikingly similar to that observed after dexamethasone treat-
ment, providing further evidence that Fyn regulates the mTOR
pathway. To confirm that our hypothesis was correct, we treated
WEHI 7.2 cells with the Src inhibitor PP2. Pan Src inhibition
also resulted in the accumulation of LC3II and was accompa-
nied by a decrease in p62 (Fig. 6E and F). Moreover, both PP2
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Figure 5. Glucocorticoid-induced autophagy precedes apoptosis and cell death. (A) p62 protein levels were assessed by western blot analysis in
WEHI 7.2 T cells treated with dexamethasone for 8, 16 and 24 hours (note that the lower band is p62). (B) Cells were treated as in (A) and autophagy

was measured by assessment of LC3l and Il and p62 by western blotting. (C) LC3Il levels were assessed by western blotting following treatment with
dexamethasone for 24 hours in the presence and absence of lysosomal inhibitors E64d and Pepstatin A (5 and 10 pg/mL, respectively). The part with
an asterisk is a lighter exposure of LC3II to better illustrate the difference in levels when cells were incubated with inhibitors. (D) Quantification of LC3II
levels relative to B-actin from at least 3 experiments. (E) mTOR activity was assessed by measuring the phosphorylation status of two mTOR substrates
S6 kinase and 4EBP1 by western blotting. -actin was used as a loading control. (F) Glucocorticoid-induced apoptosis was measured by Annexin-V/
propidium iodide staining at 16, 24 and 36 hours following treatment with 1 .M dexamethasone. Representative dot-plots are shown. Data are repre-
sentative of multiple independent experiments. Ethanol (0.1%) was used as a vehicle (cntrl) for dexamethasone.
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(E) p62 protein levels were measured by western blotting in cells treated with the pan-Src inhibitor PP2 for 24 hours (10 wM). (F) LC3II levels were as-
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PP2. The left y-axis refers to LC3Il analysis in the presence of lysosomal inhibitors (purple bars); the right y-axis refers to LC3Il analysis in the absence of

treatment and transduction of Fyn shRNAs resulted in a modest
increase of LC3II in the presence of lysosomal inhibitors further
demonstrating that autophagic flux is intact when Fyn is down-
regulated or inhibited (Fig. 6F and G). We speculate that the
greater increase in LC3II following PP2 treatment is due to the
robust effect of pharmacological inhibition versus transduction
with shRNAs or its ability to inhibit multiple Src homologs. All
in all, these data support the hypothesis that the downregulation
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of Fyn by dexamethasone is responsible, in part, for the induction
of autophagy.

Discussion

In addition to their pro-apoptotic effects in immature lym-
phocytes, glucocorticoids readily inhibit T cell activation,

impede cellular metabolism and block cell proliferation.”>1¢:3:3
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Glucocorticoids also induce autophagy prior to the induction of
apoptosis, which we show here, is a downstream consequence of
their ability to inhibit IP,-mediated calcium signaling. Our data
strongly support the hypothesis that glucocorticoids downregu-
late Fyn expression in T cells, thereby leading to the inhibition of
IP,R1 phosphorylation at Tyr353 and attenuation of ER calcium
release. We provide evidence that selectively knocking-down Fyn
inhibits IP,-mediated calcium release and this is sufficient for
partial induction of autophagy.

Rationale for this work is largely derived from recent stud-
ies suggesting that IP_Rs regulate autophagy.””** For example,
siRNA-mediated knockdown or pharmacological inhibition of
IP,Rs stimulates autophagy as documented by the formation
of GFP-tagged LC3 aggregates.”’ Compounds such as lithium
and L-690330 that inhibit inositol-monophosphate also induce
autophagy.”®#! Moreover, there is now sufficient evidence that
inhibiting cytosolic calcium elevation contributes to autophagy.
A recent study showed that L-type calcium channel blockers and
calpain inhibitors induce autophagosome formation, suggesting
one mechanism by which IP, antagonizes autophagy is via cal-
cium-dependent activation of calpains.”? Our findings are con-
sistent with the concept that calcium signals negatively regulate
autophagy given that glucocorticoids inhibit ER calcium release
by downregulating Fyn and preventing IP,R1 phosphorylation.

The work by Kroemer and colleagues also demonstrates that
the induction of autophagy following IP_R inhibition is not due
to alterations in calcium homeostasis.”’ While there is unequivo-
cal evidence that glucocorticoids alter calcium homeostasis in
lymphocytes,”*® our data suggest that this phenomenon is not
required for the induction of autophagy. This is supported by
the observation that siRNA-mediated knockdown of either Fyn
or IP,Rs did not alter thapsigargin-releasable calcium, an indi-
rect measure of the ER calcium pool.> Therefore, it is likely that
glucocorticoid-induced autophagy occurs from the inhibition of
IP,-mediated calcium signaling rather than alterations in ER or
cytosolic calcium concentration.

The finding that glucocorticoids inhibit IP.R1 phosphory-
lation partly clarifies our previous observation that prolonged
treatment with dexamethasone (e.g., 16-24 hours) upregulates
IP,Rs.”> Although the mechanism of IP,R upregulation has not
been investigated, the mRNA level was shown to be elevated
at 6 to 8 hours following dexamethasone treatment. Somewhat
paradoxically, short-term treatment with glucocorticoids (e.g., 60
minutes) decreases [P, R1 expression,® indicating that glucocorti-
coids can transiently modulate its expression. We speculate that
IP,R1 upregulation at the mRNA and protein level is a secondary
response to its acute and rapid downregulation by glucocorticoids.
However, until conducting the present study, we were unaware
that glucocorticoids decreased IP,R1 phosphorylation at Tyr353,
which ultimately regulates IP,-mediated channel activity.* While
we provide evidence that neither Fyn nor IP,R1 directly regulates
apoptosis,® both proteins protect cells from autophagy, presum-
ably by Fyn-mediated phosphorylation of IP R1.

We anticipate that the inhibition of cytosolic calcium eleva-
tion during glucocorticoid treatment promotes autophagy, at least
in part, by impeding cellular metabolism. Because of the close
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spatial relationship between ER and mitochondria, cytosolic cal-
cium is readily taken up by mitochondria to facilitate the genera-
tion of ATP during the TCA cycle and electron transport.®** In
addition, there is a higher metabolic demand for T cells follow-
ing their activation.'® For example, a recent study suggests that a
basal level of autophagy is required for cell proliferation among
activated T cells.” Thus, it is feasible that calcium deprivation in
this context stimulates the activity of AMP kinase thereby inhib-
iting mTOR and inducing autophagy. Calcium/calmodulin-
dependent activation of AMP kinase has been previously shown
to be important for inhibiting mTOR during the autophagic pro-
cess.”>> This hypothesis is consistent with the finding that dexa-
methasone inhibits downstream components of mMTOR signaling
such as S6 kinase and 4EBP1 in other cell types,”*>> and also in
T lymphocytes. Our data support the concept that Fyn regu-
lates mTOR activity, since lentiviral knockdown of Fyn directly
attenuates phosphorylation of mTOR substrates. In fact, siRNA-
mediated knockdown of the Src kinase Lyn had a similar effect
on mTOR substrates in myeloid leukemia cells.®

Lastly, the induction of autophagy by glucocorticoids and Src
inhibitors may carry important therapeutic implications given
that both dexamethasone and dasatinib (a potent Src inhibitor)
are used to treat hematological malignancies. Recent studies have
shown that dasatinib and imatinib induce autophagy in glioblas-
toma and Philadelphia chromosome positive chronic myelog-
enous leukemia cells, respectively.””*® Moreover, the combination
of Src inhibitors with agents that prevent autophagy markedly
enhanced cell killing of CML stem cells as well as prostate can-
cer cells in vivo.*» Our group recently reported that dasatinib,
because of its ability to inhibit Lck, sensitizes chronic lympho-
cytic leukemia cells to dexamethasone.®® Thus, it is reasonable
that these agents when combined with an autophagy inhibitor
would further potentiate apoptotic cell death.

Taken together, our data provide novel insight into the mech-
anism of glucocorticoid-induced autophagy in lymphocytes and
further enhance our understanding of how calcium regulates cell
survival. These findings carry important therapeutic significance
due to the ubiquitous use of synthetic glucocorticoids (e.g., pred-
nisone and dexamethasone) in all areas of clinical medicine.

Methods

Reagents and antibodies. The following reagents were used in
this study: Dexamethasone (Sigma-Aldrich, D4902), Fura-2AM
(Invitrogen, F1201), Trizol reagent (Invitrogen, 15596-018),
Annexin-V/propidium iodide (Invitrogen, V13241), TagMan
Gold RT-PCR kit (Applied Biosystems, N808-0233), 2X Fast
PCR Master Mix (Applied Biosystems, 4352042), thapsigar-
gin (LC Laboratories, T-3250), PP2 (Calbiochem, 529573),
Pepstatin (Roche, 1359053) and E64d (Enzo Life Sciences,
BML-PI107-00).

The following antibodies were used in this study: Fyn (Santa
Cruz Biotechnology, sc-16), Lck (Santa Cruz Biotechnology,
sc-433), anti-mouse CD3e (BD Biosciences, 145-2C11), IP,R3
(BD Biosciences, 610312), B-actin (Sigma-Aldrich, A-5441),
p62 (Novus Biologicals, 8878-M03), LC3 (Novus Biologicals,
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NB100-2220), IP,R1 (Novus Biologicals, NB120-5908),
IP,R2 (Novus Biologicals, NB100-2466), phospho-S6 kinase
(Thr389) (Cell Signaling Technology, 9205), phospho-4EBP1
(Ser65) (Cell Signaling Technology, 9451), Total S6 kinase
(Cell Signaling Technology, 9202), Total 4EBP1 (Cell Signaling
Technology, 9452). Anti-phospho 1P R1 (Tyr353) was kindly
provided by Andrew Marks (Columbia University).

Cell culture. WEHI 7.2 cells were cultured in DMEM sup-
plemented with 10% bovine calf serum. CEMC?7 cells were cul-
tured in RPMI supplemented with 10% fetal bovine serum. All
media were additionally supplemented with 2 mM L-glutamine
and 0.1 mM nonessential amino acids.

Western blotting. Cells were lysed in ice-cold sample buf-
fer or in RIPA buffer containing a protease inhibitor cocketail
(Roche) and denatured at 100°C for 10 minutes. Protein lysates
were quantified by Bradford assay and the appropriate protein
concentration was subjected to SDS-PAGE followed by west-
ern blotting. For western blots in which LC3 was measured,
PVDF membranes were transferred in CAPS buffer as previously
described.” All other western blots were transferred in Tris-
glycine buffer, pre-incubated in milk or bovine serum albumin
and probed with the appropriate primary antibodies. Bands were
visualized by incubating with secondary antibodies conjugated
to horseradish peroxidase and exposing to chemiluminescent
substrates.

Calcium measurements. All calcium measurements were
obtained by single cell digital imaging. WEHI 7.2 cells were
weakly adhered to coverslips (MatTek) coated with poly-L-lysine
for at least 1 hour at 37°C. Cells were loaded with the ratiomet-
ric dye Fura-2AM and de-esterified in calcium BSS buffer prior
to fluorescence microscopy. Cells were imaged using a Zeiss
Axiovert S100 microscope and 20X Fluor objective (Carl Zeiss
AG) and were excited at alternating wavelengths of 340 and 380
nm every second. A charge-coupled device camera (Hamamatsu
Photonics) was used to record the output which was then con-
verted to a digital image using PCI software for Windows.
Calcium concentrations were empirically derived using the
Grynkiewicz equation as previously described.®!

RNA analysis. Total RNA was isolated using Trizol reagent
(Invitrogen) by standard phenol/chloroform methods. RNAs
were precipitated in isopropanol, washed in ethanol and solubi-
lized in nuclease-free water prior to quantification by spectro-
photometry. For microarray analysis, cRNA was hybridized to

Affymetrix Gene Chips as previously described.’® For mRNA
quantification by real-time PCR, RNA was reversed tran-
scribed using oligo-dT primers and the TagMan Gold RT-PCR
kit (Applied Biosystems). cDNA generated by reverse tran-
scription was mixed with the appropriate primers and probes
(Fyn, Mm01179871_mH; B-actin, 4352933-0711018) and 2X
Fast PCR Master Mix (Applied Biosystems), transferred to a
96-well plate and amplified in a 7500 Fast real-time thermal
cycler (Applied Biosystems). Samples were quantified relative
to the control using B-actin as a reference gene and the 244
method.

RNA interference. WEHI 7.2 cells were resuspended in serum-
free media at a concentration of 5 x 107 cells/mL prior to trans-
fection. Cells were mixed with siRNA on-target SMARTpools
(Dharmacon) or a nontargeting control at a concentration of 1
MM (note that the final concentration for the IP R triple knock-
down was 3 pM). Cells were electroporated in a 0.2 cm cuvette
using a single 140-V, 10 ms? wave pulse (Bio-Rad Laboratories)
and immediately transferred to pre-warmed serum-containing
media. siRNA-transfected cells were incubated for 24 hours prior
to analysis. Stable knockdowns were generated by transducing
293T cells with pLKO.1 vectors (Open Biosystems) containing
target sequences for Fyn along with vectors pMD2G (encoding
env) and pR8.74 (encoding gag and pol) to make viral particles.
Virus was collected at 24 and 48 hours post-transduction and
incubated with WEHI 7.2 cells in the presence of puromycin.

Cell viability. Apoptosis and cell viability were assessed by
Annexin-V-alexa 488 and propidium iodide staining (Invitrogen).
Apoptotic cells are those that are Annexin-V positive while only
dead cells are propidium iodide positive. Fluorescence was quan-
tified using an EPICS XL-MCL (Beckman Coulter) flow cytom-
eter. Data analysis was performed using FlowJo 8.8.4 (Tree Star,
Inc) and WinList 6.0 (Verity Software House) for Macintosh and
Windows, respectively.

Statistical analysis. A Student’s t-test was used to determine
statistical significance when appropriate. All statistics were
obtained using Microsoft Excel 2004 for Macintosh.
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