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Genetic modulation of islet 3-cell iPLA 3
expression provides evidence for its impact
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4',6'-diamidino-2-phenylindole; ER, endoplasmic reticulum; ESI, electrospray ionization; GPC, glycerophosphocholine; iPLA, @,
B-isoform of group VIA calcium-independent phospholipase A ; iPLA B-KO, iPLA B-deficient mice; RIP-iPLA B-Tg, transgenic
mice in which iPLA B is overexpressed specifically in pancreatic islet B-cells; AW, mitochondrial membrane potential; MS, mass
spectrometry; NSMase, neutral sphingomyelinase; PERK, ER-stress transducer pancreatic ER kinase; PLA , phospholipase A.;
SEM, standard error of the mean; SERCA, sarcoendoplasmic reticulum Ca?*-ATPase; SM, sphingomyelin; TIDM and T2DM,
type 1 and 2 diabetes mellitus; UPR, unfolded protein response; WT-KO and WT-Tg, age-matched control littermates of iPLA -
KO and RIP-iPLA 3-Tg mice, respectively

B-cell apoptosis is a significant contributor to B-cell dysfunction in diabetes and ER stress is among the factors that
contributes to B-cell death. We previously identified that the Ca’*-independent phospholipase A (iPLA ), which in
islets is localized in B-cells, participates in ER stress-induced f-cell apoptosis. Here, direct assessment of iPLA {3 role was
made using B-cell-specific iPLA B overexpressing (RIP-iPLA B-Tg) and globally iPLA B-deficient (iPLA,3-KO) mice. Islets
from Tg, but not KO, express higher islet iPLA 3 and neutral sphingomyelinase, decrease in sphingomyelins, and increase
in ceramides, relative to WT group. ER stress induces iPLA B, ER stress factors, loss of mitochondrial membrane potential
(AW), caspase-3 activation, and B-cell apoptosis in the WT and these are all amplified in the Tg group. Surprisingly, B-cells
apoptosis while reduced in the KO is higher than in the WT group. This, however, was not accompanied by greater
caspase-3 activation but with larger loss of AW, suggesting that iPLA 8 deficiency impacts mitochondrial membrane
integrity and causes apoptosis by a caspase-independent manner. Further, autophagy, as reflected by LC3-Ilaccumulation,
is increased in Tg and decreased in KO, relative to WT. Our findings suggest that (1) iPLA_B impacts upstream (UPR) and
downstream (ceramide generation and mitochondrial) pathways in B-cells and (2) both over- or under-expression of
iPLA_B is deleterious to the B-cells. Further, we present for the first time evidence for potential regulation of autophagy
by iPLA B inislet B-cells. These findings support the hypothesis that iPLA_B induction under stress, as in diabetes, is a key
component to amplifying B-cell death processes.

Introduction an imbalance between the load of client proteins on the ER and

the ER’s ability to process the load occurs, it results in ER stress

Both types 1 and 2 diabetes mellitus (TIDM and T2DM) are
associated with B-cell dysfunction as a consequence of -cell
death due to apoptosis.'> Apoptosis can occur not only via
extrinsic death receptor or intrinsic mitochondrial pathway
but also due to ER stress.” The ER, in addition to serving as a
cellular Ca?* store, is the site where secretory proteins are syn-
thesized, assembled, folded, and post-translationally modified.
Interruption of any of these functions can lead to production
of malfolded proteins and their accumulation in the ER. When
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and the unfolded protein response (UPR).’ Prolonged ER stress,
however, can trigger apoptotic factors in the ER,® activate the
intrinsic apoptotic pathway,” lead to downstream activation of
caspase-3, a protease that is central to the execution of apoptosis,®
and induce apoptotic cell death.

Being a site for Ca?* storage, the ER responds to various stim-
uli to release Ca** and is therefore extremely sensitive to changes
in cellular homeostasis. As a secretory organelle, the B-cells are
endowed with highly developed ER, and therefore, have a greater
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susceptibility to developing ER stress and several experimental
(PERK", Akita, and NOD.k iHEL) and clinical (Wolcott-
Rallison and Wolfram syndromes) reports have linked ER stress-
induced B-cell apoptosis to the development of diabetes mellitus
(reviewed in ref. 9). However, underlying cellular mechanisms
that contribute to this process remain to be elucidated.
Ongoing studies in our laboratory suggest that the Ca®*-
independent phospholipase A, (iPLA_B) participates in ER
stress-induced B-cell apoptosis. The iPLA 3 belongs to the fam-
ily of PLA s that hydrolyse the s7-2 substituent of membrane
phospholipids to release a free fatty acid and a lysophospholipid."
Since its initial descriptions in the heart and pancreatic islet B

cells,!t1?

iPLA B activation is now thought to contribute to vari-
ous biological processes in the CNS, skeletal muscle, bone, eye
and vascular smooth muscle. Among the many described roles
for iPLA B include its involvement in lipid remodeling, cell pro-
liferation and signal transduction (reviewed in refs. 9 and 13).
An additional role, first described in human leukemic monocyte
lymphoma U937 cells" and subsequently in other non-f-cells, is
its participation in apoptosis (reviewed in ref. 9).

A potential role for iPLA,B in B-cell apoptosis was initially
gleaned from observations reported by the Polonsky group.”
They noted that decreases in MING insulinoma cell survival
following exposure to various chemical ER stressors were Ca?*-
independent and due to generation of a bioactive metabolite
of arachidonic acid. Subsequently, Kudo’s group reported that
inhibition of iPLA_B, but not of cPLA, or sPLA , prevented Fas-
stimulated death of human leukemic U937 cells.'" Our stud-
ies revealed that thapsigargin, which depletes ER Ca?* stores by
inhibiting sarco-endoplasmic reticulum Ca**-ATPase (SERCA)
Ca?* pumps causing ER stress, promotes hydrolysis of arachi-
donic acid from pancreatic islet membrane phospholipids.'®
B-cell membranes are enriched in arachidonic-containing phos-
pholipids,"” and accordingly, thapsigargin-induced accumula-
tion in arachidonic acid was suppressed by a bromoenol lactone
(BEL) suicide substrate inhibitor of the iPLA_B." These observa-
tions raised the possibility that iPLA (8 is activated during ER
stress in B-cells.

Subsequent studies in our laboratory demonstrated that
iPLA B participates in ER stress-induced B-cell apoptosis and
that this process involves iPLA 3-mediated increase in neutral
sphingomyelinase-catalyzed hydrolysis of sphingomyelins lead-
ing to accumulation of ceramides and mitochondrial decompen-
sation. These observations raised the possibility that modulating
the activity of iPLA B can be beneficial to B-cell survival and
presumably offer a means to ameliorate B-cell apoptosis associ-
ated with diabetes mellitus. However, while these observations
strengthened a link between iPLA 3 and B-cell apoptosis, they
are limited in that they were demonstrated in insulinoma cells
and relied on utilization of BEL to discern the involvement
of iPLA,B. While BEL, at concentrations that do not impact
cPLA, or sPLA, activities, is a recognized potent inhibitor of
iPLA , it has been reported to also have inhibitory effects on
non-iPLA | enzymes (reviewed in ref. 9).

In the present study, we therefore used mice in which the
rat insulin 1 promoter (RIP) was used to overexpress iPLA 3
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specifically in the B-cells (RIP-iPLA B-Tg)" and global iPLA 8-
null (iPLA B-KO) mice"” to more directly assess the role of
iPLAB in B-cell apoptosis. Our findings reveal that altered
expression of iPLA B impacts B-cell survival and also provide

the first evidence for iPLA B-mediated regulation of autophagy
in the B-cells.

Results

Genotyping. Breeding pairs obtained from Dr. John Turk
(WUSM in St. Louis, MO) were used to generate RIP-iPLA (-
transgenic (Tg), iPLA B-deficient (KO) and age-matched litter-
mate wild-type (WT) colonies at UAB in Birmingham, AL, and
their genotype was identified by PCR analyses, as detailed.’®"
The expected band sizes for WT and RIP-iPLA B-Tg are a single
band at 450 bp and 200 bp, respectively. The expected band sizes
for iPLAZB*/+ (WT), iPLAZB'/+ (Het) and iPLAZB'/' (KO) are a
single band at 1,400 bp, two bands at 1,400 bp and 400 bp, and
a single band at 400 bp, respectively. As shown in Figure 1, our
breeding protocol generated progeny that could be identified as
WT or RIP-iPLA B-Tg and W'T, Het, or iPLA 3-KO mice.

Verification of RIP-iPLA 3-Tg and iPLA B-KO models. To
validate the genotyping results, iPLA B expression in the prog-
eny was assessed by iPLA B message, activity, and protein expres-
sion analyses (Fig. 2). As seen in Figure 2A, iPLA B mRNA is
greater in the Tg islets and undetected in the KO islets, relative
to corresponding WT islets. Enzymatic assays (Fig. 2B) revealed
nearly 30-fold increase in catalytic activity in the Tg islets and
a 50% decrease in KO islets, as compared with corresponding
WT islets. Addition of ATP increased activity similarly in the
WT and Tg groups but not in the KO group, relative to activ-
ity measured in the absence of ATP (Fold increase +ATP/-ATP:
WT-Tg, 2.5 £ 0.6; Tg 2.1 + 0.03; WT-KO, 3 + 1.7; KO, 1.1
+ 0.5). Because ATP stimulation of activity is characteristic of
iPLA B, these findings suggest that the PLA activity in the W'T
and Tg groups is manifested by iPLA B and that the low (near
background) level of activity measured in the KO group is not.
Immunofluorescence analyses in islet sections (Fig. 2C) con-
firmed higher iPLA B expression in the Tg (Fig. 2C, left panels)
and its absence in the KO (Fig. 2C, right panels) group, relative
to WT groups. Further, the merging of iPLA_B fluorescence with
insulin-containing cells confirms that the iPLA 8 expression
is localized within B-cells of pancreatic islets. Taken together,
these findings confirm that iPLA B expression is increased in islet
B-cells from the RIP-iPLA B-Tg-designated mice and is absent
in the iPLA 3-KO-designated mice, relative to their correspond-
ing age-matched WT littermates, and that they can be used to
study the impact of differential iPLA B expression on ER stress-
induced apoptosis pathway in the B-cell.

Induction of ER stress-related factors. To assess susceptibility
to ER stress, islets from WT, RIP-iPLA B-Tg, and iPLA B-KO
mice were treated with thapsigargin for up to 48 h. Lysates were
then prepared and resolved by SDS-PAGE to determine induc-
tion of ER stress factors CHOP, pPERK and GRP78. As seen
in Figures 3A and B, all three factors increased within 24 h in
the WT groups. In the RIP-iPLA B-Tg group, the increases were
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Figure 1. Mouse genotyping by PCR analyses. DNA was generated from tail clips and progeny were genotyped by PCR analyses. (A) WT and RIP-Tg-
iPLA 3. Reactions were performed in the presence of two sets of primers and the expected bands for WT (450 bp) and RIP-Tg-iPLA § (200 bp) in three
mice each are presented (L, bp ladder and Con, control reactions without template). (B) WT and iPLA 7. Reactions were performed in the presence of
primers for the WT sequence (Set 1, lanes 1) or for the disrupted KO sequence (Set 2, lanes 2) for each mouse. The expected bands for WT (1,400 bp),
Hets (1,400 and 200 bp) and KO (400 bp) in two mice each are presented (L, bp ladder).

amplified at both 24 and 48 h, relative to the corresponding WT
group. In contrast, while increased expression of the factors was
evident in the iPLA,B-KO group, it was either similar (CHOP)
or lower (GRP78) than that observed in the corresponding WT
group. However, pPERK while similar at 24 h, was still expressed
at 48 h in the KO but not in the WT. These findings suggest that
the RIP-iPLA B-Tg islets have greater susceptible to developing
ER stress than the iPLA_B-KO islets.

ER stress-induced activation of caspase-3. To further ascer-
tain the impact of iPLA B expression on 3-cell apoptosis, cleav-
age (i.e., activation) of caspase-3 in islets was assessed in islets
following treatment with thapsigargin. Immunoblotting analy-
ses (Fig. 4A) revealed an increase in total caspase-3 in the WT
and RIP-iPLA -Tg groups. In the Tg group, this was accom-
panied by an increase in cleaved caspase-3 (aC3) by 24 h. In
contrast, total caspase-3 was unchanged and cleaved caspase-3
was undetectable in the KO group. Because immunoblotting was
not sufficiently sensitive to reveal changes in cleaved caspase-3
in WT and KO groups, we performed two additional analyses.
Immunofluorescence protocol allowed us to detect aC3 fluo-
rescence in WT and KO islet sections but it was barely above
background (Fig. 4B). In contrast, aC3 fluorescence was pro-
nounced in the Tg islet and was found to be co-localized with
insulin (I)-containing cells, as reflected by visualization of the
merged yellow fluorescence. These findings suggest that ER stress
promotes cleavage of caspase-3 and that this is amplified in RIP-
iPLA B-Tg islets and blunted in iPLA B-deficient islets. Further
evidence for this is provided in Figure 4C, which reveals ampli-
fied increase in aC3 activity in the RIP-iPLA B-Tg islets, relative
to WT and KO groups.

Basal neutral sphingomyelinase (NSMase). Eartlier studies
indicated that ceramides generated via NSMase-catalyzed hydro-
lysis of sphingomyelins was mediated by iPLA 3.*° We therefore
hypothesized that islet NSMase expression is affected by iPLA_ 3
expression levels. Total RNA was isolated and cDNA generated
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from islets from WT, RIP-iPLA B-Tg and iPLA_B-KO mice and
NSMase message expression was analyzed by qRT-PCR. As seen
in Figure 5, NSMase mRNA was increased nearly 2-fold in the
RIP-iPLA B-Tg and significantly reduced in the iPLA B-KO
islets, relative to corresponding WT groups. These findings
strengthen the notion that NSMase expression in pancreatic islets
can be regulated by iPLA .

Ceramide and sphingomyelin analyses by mass spectrom-
etry. To corroborate findings in Figure 5, ESI/MS/MS analyses
were used to determine abundances of ceramide and sphingomy-
elin molecular species in islets, as previously described.?** To
compare the different genotypes, the abundance of each species
relative to internal standard was determined and normalized to
total phosphate. As observed in insulinoma cells?*** and human
islets,? the fatty amide substituents of the major ceramide species
(Fig. 6A) endogenous to rodent islets were found to be 16:0 (m/z
544),18:0 (m/z572),20:0 (m/z600), 22:0 (m/z628), 24:1 (m/z
654) and 24:0 (m/z 656), and the major sphingomyelin species
(Fig. 6C) endogenous to islets were found to be 16:0 (m/z 709),
18:0 (m/z 737), 22:0 (m/z 693), 24:1 (m/z 819) and 24:0 (m/z
821). Comparison of basal ceramide (Fig. 6B) and sphingomy-
elin (Fig. 6D) pools in islets revealed similar abundance of both
in the KO group, whereas ceramides were increased nearly 3-fold
and sphingomyelins decreased ca. 40% in the RIP-iPLA B-Tg
group, relative to corresponding WT groups. Following exposure
of WT islets to thapsigargin, the pool of ceramides increased
(180 + 12%) and of sphingomyelins decreased (12 + 11%), rela-
tive to vehicle-treated WT group. Treatment of RIP-iPLA B-Tg
group caused a further increase in ceramides (245 + 30%) and
decrease in sphingomyelins (42 + 5%), relative to the correspond-
ing pools in WT treated islets. In contrast, in the KO treated
group the pool of ceramides was 109 + 17% and of sphingomy-
elins 88 + 14%, relative to corresponding pools in WT treated
islets. These findings are consistent with iPLA_3-mediated accu-
mulation of ceramides, in part, via hydrolysis of sphingomyelins.
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Figure 2. Verification of RIP-iPLA 8-Tg and iPLA 3-KO models. Pancreatic islets were isolated from iPLA B** (WT), RIP-iPLA_B-transgenic (Tg) and

iPLA B-deficient (KO) mice and iPLA 3 expression was assessed by the following methods: (A) PCR. Total islet RNA was prepared and cDNA generated
foriPLA B message analyses. (B) Enzymatic activity. Islet cytosol was prepared and iPLA, enzymatic activity was assayed (n = 4-6) in 30 g protein
aliquots using ["*C]-labeled PAPC substrate ('significantly different from corresponding WT group, p < 0.005 and *+ATP group significantly different
from -ATP group, p < 0.05). (C) Immunofluorescence. Representative images of paraffin islet sections (8-10 wm) and co-stained for nuclei (DAPI), insulin

(I and iPLA,B (P).

ER stress-induced islet cell apoptosis. We next determined the
impact of differential expression of iPLA B on ER stress-induced
islet cell apoptosis. Following treatment of islets from WT, RIP-
iPLA B-Tg and iPLA B-KO mice with thapsigargin, TUNEL
analysis was used to visualize cells undergoing apoptosis. As seen
in Figure 7A, vehicle treatment had minimal effect in all groups
but TUNEL positivity increased in the islets following induction
of ER stress. To facilitate quantitation of apoptotic cell number,
the islets were dispersed and TUNEL fluorescence was quanti-
tated by flow cytometry (Fig. 7B). Basal incidence of apoptosis
was found to be similar among the groups. Following induction
of ER stress, apoptosis was unchanged at 24 h but increased 3-fold
at 48 h in both WT groups. In comparison, the fold increases
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were 5-fold and 22-fold greater at 24 h and 48 h, respectively, in
the RIP-iPLA B-Tg group. This reflected a nearly 5-fold higher
incidence of apoptosis in the RIP-iPLA B-Tg, relative to corre-
sponding WT group. Further, ER stress induced iPLA {8 protein
in both the WT and RIP-iPLA B-Tg islets (Fig. 7B, inset), with
the increase occurring in the RIP-iPLA B-Tg islets earlier than in
the WT islets. In contrast, the fold increases were 3- and 11-fold
greater at 24 and 48 h, respectively, in the iPLA B-KO group.
Thus, while apoptosis was increased in the iPLA B-KO, rela-
tive to W'T group, it was 50% lower than in the RIP-iPLA B-Tg
group. These findings suggest that induction of ER stress in islets
with thapsigargin promotes iPLA B expression and apoptosis
and that these effects are amplified in RIP-iPLA B-Tg islets. In
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Figure 3. Thapsigargin-induced ER stress factors in WT, RIP-iPLA 3-Tg and iPLA B-KO islets. Islets (300/condition) from WT, iPLA 3-Tg and iPLA 3-KO
mice were cultured O/N at 37°C under an atmosphere of 5% CO,/95% air and then treated with either vehicle (Con, DMSO) or with thapsigargin

(T, 2 M) for up to 48 h. Islet lysates were then prepared, resolved by SDS-PAGE, protein transferred to immunoblots and probed for ER stress factors.
Immunoreactive bands were visualized by enhanced chemiluminescence. Each analysis was done a minimum of three times. (A) Immunoblotting
analyses. Expression of CHOP, pPERK and GRP78 was determined using 30 g protein aliquots. (B) Representative densitometry analyses. The ratios of
the band intensity of protein of interest relative to loading control actin are presented (*significantly different from WT group, p < 0.05, n = 3/target).

apoptosis and ceramides are reported to participate in this pro-
cess.”?* We therefore assessed AV in WT, RIP-iPLA B-Tg and
iPLA B-KO groups following vehicle (DMSO) or thapsigar-
gin treatment. To ensure that we were examining AY only in

contrast, the islets deficient in iPLA_ exhibit a reduced suscepti-
bility to ER stress-induced apoptosis.

ER stress-induced loss in mitochondrial membrane poten-
tial (AW) in islet B-cells. Loss of AW is a hallmark of cellular
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Figure 4. ER stress-induced activation of caspase-3 in WT, RIP-iPLA_-Tg and iPLA 3-KO islets. Islets (200/condition) from WT, iPLA B-Tg and iPLA 3-KO
mice were cultured O/N at 37°C under an atmosphere of 5% CO,/95% air and then treated with either vehicle (DMSO) or with thapsigargin (Thaps,

2 M) for up to 48 h and assessed for expression of cleaved (i.e., activated) caspase-3. (A) Immunoblotting analyses. Total and cleaved caspase-3 (ac3)
expressions were determined using 30 g aliquots of islet lysate. (B) aC3 Immunofluorescence. Representative paraffin islet sections (8-10 m) co-
stained for nuclei (DAPI), insulin (I) and aC3. (C) aC3 activity assay. Islet lysates were prepared and activity in 30 p.g aliquot of protein was assayed using
a colorimetric-based protocol (*significantly different from WT group, p < 0.05).

B-cells, the islets were dispersed and FACS-purified to obtain  in the mitochondria of healthy cells but is not retained in the
a homogenous population of B-cells. The B-cells were then mitochondria of compromised cells. As evidenced in Figure
incubated with DiOC(6),, a fluorochrome that accumulates 8, the green DIOC(6),, fluorescence is diminished in the WT
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B-cells following thapsigargin treatment, reflecting AV loss
in B-cell. In comparison, the loss in fluorescence is more dra-
matic in B-cells from the RIP-iPLA B-Tg, indicative of signifi-
cant loss in AW in the RIP-iPLA B-Tg, relative to WT group.
Interestingly, the mitochondrial-associated fluorescence was
also reduced in B-cells from the iPLA B-KO, relative to cor-
responding WT group, suggesting that the loss of AW in the
iPLA B-KO is greater than in the WT group. These findings
suggest that iPLA 8 expression (up or down) can impact islet
B-cell mitochondrial integrity.

Participation of iPLA 3 in B-cell autophagy. Autophagy is
an ongoing pro-survival process but under increased stress, dys-
regulation of autophagy can lead to cell death.” As an initial
response to ER stress, autophagy is activated to increase cell sur-
vival, however, prolonged stress can activate apoptotic processes
and cause cell death.?® To determine if an autophagic response
to ER stress is influenced by iPLA B expression, autophagy was
assessed in islets by monitoring conversion of LC3-I to LC3-IL.
Increased appearance of LC3-1I is reflective of activation of the
autophagic response in cells. As seen in Figure 9A and B, LC3-11
is increased similarly in the WT groups. However, generation of
LC3-I1 is markedly higher in the RIP-iPLA B-Tg, relative to cor-
responding WT group (Fig. 9A). In contrast, the generation of
LC3-I1 is reduced in the iPLA B-KO, in comparison with cor-
responding WT group (Fig. 9B). This is reflected in the bar
graphs, which illustrate higher LC3-II to loading control ratio in
the RIP-iPLA B-Tg and reduced ratio in the iPLA,B-KO, relative
to corresponding WT groups.

To determine whether the ER stress-induced autophago-
some (LC3-II) accumulation is due to autophagy induction or
to inhibition of downstream steps, a turnover assay was uti-
lized. This assay is based on the observation that LC3-II is de-
lipidated in the lysosome and inhibition of lysosomal activity
allows for assessment of induction of autophagy.”” The islets
were treated with protease inhibitors (PIs) ammonium chlo-
ride, which prevents lysosomal acidification, and leupeptin,
which prevents lysosomal hydrolase activities.?® Flux was then
determined by comparing the ratio of LC3-II (normalized to
loading control) between control and treatment conditions.
The fold-change in the ratio is expected to remain unchanged
when autophagy initiation is unaffected by the experimental
condition, whereas, the fold-change will increase when initia-
tion is enhanced or decreased when initiation is inhibited.?®
We find that addition of the PIs caused a modest decrease (Fig.
9C) or no change (Fig. 9D) in induction of autophagy in the
WT groups and that induction is not significantly altered in
cither the RIP-iPLA B-Tg (Fig. 9C) or iPLA B-KO (Fig. 9D)
groups, as compared with corresponding WT group. Because
ceramides are recognized to participate in autophagy,® islets
were treated with the NSMase inhibitor GW4869 and while
induction of autophagy was not altered in the WT group, it
was modestly reduced in the RIP-iPLA B-Tg group (Fig. 9C).
These findings suggest that iPLA B participates in B-cell
autophagy and raises the possibility that it impacts the autoph-
agy process beyond the initiation step, in part, via activation of

NSMase.
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Figure 5. Basal neutral sphingomyelinase (NSMase) expression

in WT, RIP-iPLA 3-Tg and iPLA 3-KO islets. Total RNA was isolated
from islets from the three groups and cDNA generated for qRT-PCR
analyses of NSMase message expression (**significantly different from
corresponding WT group, p < 0.05 and p < 0.005, respectively; n = 3).

Discussion

Emerging evidence suggests [-cell apoptosis is a prominent
contributor to B-cell death in TIDM and T2DM?3*3 making
it important to understand the mechanisms underlying B-cell
apoptosis if diabetes mellitus is to be prevented or delayed. Our
studies with INS-1 cells,***% the Akita spontaneous ER stress
model,” and human pancreatic islet B-cells* reveal that the
Ca®*-independent phospholipase A 3 (iPLA ) participates in
ER stress-induced B-cell apoptosis.”* These studies, however, are
limited by several issues: (1) though insulinoma cell lines have
contributed significantly to our understanding of B-cell biol-
ogy, their functional properties are not identical to native pan-
creatic islet B-cells; (2) variability in human islet preparations,
due to the nature of donor demise, isolation protocol at differ-
ent procurement centers, and trauma related to shipment; and
(3) reliance on BEL, a potent irreversible chemical inhibitor of
iPLA_B but also noted for its inhibition of non-iPLA B enzymes
(reviewed in ref. 9), to discern the role of iPLA 8 in the apop-
totic process. Though knockdown of iPLA 8 and NSMase in the
insulinoma cells using siRNA protocols are supportive, they still
leave open the question of whether iPLA B expression in islet
B-cells impacts their survival.

We therefore set out to assess the role of iPLA B in ER
stress-induced B-cell apoptosis by comparing responses in RIP-
iPLA B-Tg and iPLA B-KO mouse islets. The RIP-iPLA 3-Tg
mouse is a particularly valuable model because iPLA B over-
expression is restricted to only the islet B-cells. Our findings
reveal that compared with the WT group, islet B-cells from
RIP-iPLA B-Tg mice express higher iPLA 8 as expected, and
exhibit increased susceptibility to outcomes due to thapsigargin-
induced ER stress. In support of this, expression of ER stress
factors (CHOP, GRP78 and pPERK) in the islets, and cleav-
age (i.e., activation) of caspase-3 and loss of membrane poten-
tial in the islet B-cells were all amplified in the RIP-iPLA B-Tg
group, when compared with age-matched WT littermates. As
a consequence, ER stress-induced apoptosis of the B-cells was
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Figure 6. Ceramide and sphingomyelin analyses by mass spectrometry. Islets were cultured O/N at 37°C under an atmosphere of 5% CO,/95% air and
then prepared for ESI/MS/MS analyses. (A and C) Basal ceramide and sphingomyelin molecular species. Representative spectra obtained from WT
mice illustrating molecular species of ceramides (A) and sphingomyelins (C) endogenous to islets. The labeled ions represent endogenous molecular
species of ceramides and sphingomyelins. (B and D) Comparison of basal ceramide (CM) and sphingomyelin (SM) pools in RIP-iPLA23-Tg and iPLA23-
KO islets. Abundance of each CM and SM molecular species, relative to internal standard was determined, normalized to total phosphate content, and
the pool of ceramides and sphingomyelins in each group is presented as mean + SEM (n = 3-5) (*significantly different from WT, p < 0.050).

nearly 5-fold higher in the RIP-iPLA B-Tg group than in the
WT group.

As we previously linked iPLA B-mediated ceramide genera-
tion via hydrolyses of sphingomyelins during ER stress with
insulinoma cell apoptosis,®® we considered the possibility of
this mechanism contributing to islet 3-cell apoptosis observed
in the present study. Surprisingly, basal abundance of cerami-
des was found to be increased and of sphingomyelins decreased
in the RIP-iPLA B-Tg, as compared with age-matched WT lit-
termates. Consistent with this finding was an increase in basal
NSMase message expression in the RIP-iPLA B-Tg group.
Following induction of stress with thapsigargin, the pool of
ceramides was consistently higher (> 2-fold) and of sphingomy-
elin reduced (nearly 60%) in the RIP-iPLA B-Tg group, relative
to WT islets. However, these changes did not achieve statistical
significance. In addition to day-to day experimental variability
it is likely that the basal changes in the RIP-iPLA,B-Tg may

36

Islets

have precluded further increases in ceramides and decreases in
sphingomyelins. Alternatively, and a more likely possibility is
that because the apoptotic process is amplified and occurs ear-
lier in the RIP-iPLA B-Tg islets, we were not able to capture
the optimum time for analyses in the RIP-iPLA B-Tg islets.
Nevertheless, these findings suggest that increases in iPLA 3 can
lead to greater ceramide generation via sphingomyelin hydrolysis
in islet B-cells.

It might be argued that if iPLA_§ participates in the apopto-
sis process, a much more severe destruction of B-cell apoptosis
should be evident under basal conditions as well. However, we
did not find this to be the case as there were relatively small or
no differences in outcomes (ER stress factors expression, mito-
chondrial membrane potential, activation of caspase-3, islet cell
TUNEL positivity) measured in the WT and RIP-iPLA 3-Tg
islets under basal conditions. The lack of basal changes in the
presence of increased iPLA 3 expression in B-cells is not entirely
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unexpected because with the exception of increased insulin secre-
tion, neither profound morphological nor functional changes in
the islet were reported in the initial characterization if the RIP-
iPLA B-Tg model.”® As noted in another model in which islet
B-cell protein expression is modified,* the B-cell appears to be
resistant under basal conditions and only when stressed is the
impact of the modification unmasked.

We also report for the first time induction of iPLA B expres-
sion in a non-proliferative and native system (i.e., islet) during a
biological process (i.e., ER stress). Intriguingly, iPLA B is also
induced in the RIP-iPLA 3-Tg islet during ER stress. These find-
ings raise the possibility that in the presence of a stress stimulus,
not only are processes to increase iPLA B expression triggered,
but that the potency of iPLA 3 becomes unmasked. This may
occur via manifestation of higher specific iPLA B catalytic activ-
ity due to caspase-3 catalyzed cleavage of iPLA (3 to a truncated
and more active form'** or potential sequestration of iPLA 3
in organelles that are sensitive to the stimulus.'#>*?>?3 The pres-
ent findings also suggest the potential importance of the induced
iPLA B in participating in the B-cell apoptotic process.

In contrast to the RIP—iPLAZB—Tg group, B-cells from the
iPLA B-KO mice are deficient in iPLA B but as observed in
the RIP-iPLA B-Tg group, no significant basal abnormalities
in the measured parameters are evident. While all outcomes in
response to ER stress are significantly attenuated in the iPLA B-
deficient group, relative to the RIP-iPLA B-Tg group, they
varied in comparison with their age-matched WT group. For
instance, with respect to ER stress factors there is no difference
in CHOP expression, GRP78 is reduced, and increased pPERK
expression is maintained at 48 h; activation of caspase-3 and
ceramide and sphingomyelin pools (basal and following thap-
sigargin treatment) are similar; and basal NSMase is reduced.
In spite of the apparent lack of differences between WT and
iPLA_B-KO in various parameters, incidence of 3-cell apoptosis
in the iPLA,B-KO, though significantly lower than in the RIP-
iPLA_B-Tg group, was higher than in age-matched W'T group. It
must be recognized that ER stress alone can induce B-cell apop-
tosis and the increases in ER stress factors and caspase-3 cleavage
in the iPLA B-deficient are evidence of that.

A question that arises therefore is what promotes the higher
incidence of apoptosis in the iPLA B-deficient group. This is
even more paradoxical in view of our earlier demonstrations
that chemical inhibition?***? or siRNA-mediated knockdown
(KD)*" of iPLA B significantly attenuated insulinoma cell apop-
tosis. A salient difference between those and present studies is the
duration of absence of an active iPLA 8 enzyme. Both BEL inhi-
bition (30 min prior to thapsigargin exposure) and siRNA-KD (2
d before thapsigargin exposure) of iPLA 3 were acute protocols,
in comparison with iPLA_B-deficiency for 3—4 mo in mice used
in the present study. A potential explanation for the increased
apoptosis in the iPLA_B-deficient group might be deduced from
studies by Ma’s group. They reported that mitochondrial abnor-
malities and subsequent apoptosis promoted by staurosporine,
which triggers the intrinsic mitochondrial apoptotic pathway,*
are prevented by expression of iPLA 3.>* They rationalized that
this was due to availability of substrates normally provided by
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Figure 7. ER stress-induced apoptosis in WT, RIP-iPLA 3-Tg and iPLA 8-
KO islets. Islets (200/condition) from WT, iPLA 3-Tg and iPLA 3-KO mice
were cultured O/N at 37°C under an atmosphere of 5% CO,/95% air and
then treated with either vehicle (Con, DMSO) or with thapsigargin (T,

2 uM) for up to 48 h. (A) TUNEL analyses. Intact islets were processed
for TUNEL analyses to visualize cells undergoing apoptosis, as reflected
by punctate green fluorescence. (B) Quantitation of apoptotic cell
number. To assess the incidence of apoptosis, islets were dispersed into
individual cells and flow cytometry protocol was used to determine
the number of apoptotic cells, relative to total cell number in each
preparation. The means = SEM of the percentage of apoptotic cells in
each group are presented (*Significantly different from corresponding
WT group and fsignificantly different from corresponding T24 and WT
groups, p < 0.05, n = 3-5). Fold increases between groups are as follows:
1,3.09 £0.50; 2,4.50 £ 0.54; 3,22.24 + 1.18; 4,2.73 £ 0.52; 5, 2.70 £ 0.19;
and 6, 10.96 £ 0.64). Inset. Induction of iPLA2 during ER stress. Cytosol
(30 g WT and 10 g iPLA B-Tg) from thapsigargin-treated islets was
resolved by SDS-PAGE, protein transferred to immunoblots and probed
foriPLA B.

iPLA B to facilitate repair of membrane phospholipids, in par-
ticular cardiolipins, which are susceptible to damage by ROS-
mediated peroxidation. In support of this possibility, they found
evidence of increased sensitivity of islets from iPLA B-deficient
mice to staurosporine-induced mitochondrial abnormalities and
apoptosis.”> Consistent with their findings, in the present study
we observed that islet B-cells from iPLA -deficient mice exhibit
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Figure 8. ER stress-induced loss in mitochondrial membrane potential
(AW) in WT, RIP-iPLA 3-Tg and iPLA 3-KO B-cells. Islets were cultured
O/N at 37°C under an atmosphere of 5% CO,/95% air and then treated
with either vehicle (DMSO, control) or with thapsigargin (T, 2 M) for
24 h. The islets were then dispersed and a FACS protocol was used to
obtain a highly homogenous population of B-cells. The B-cells were
loaded with blue nuclear (Hoechst) and green mitochondrial [DiOC(6),]
stains and examined by confocal microscopy. Merged images are
shown in the panels.

a greater loss in mitochondrial membrane potential than (-cells
from age-matched WT litctermates. However, as noted earlier
the apoptosis was significantly greater than in the WT group, in
spite of similar induction of caspase-3 cleavage. This raises the
additional possibility that iPLA 3-deficiency triggers apoptosis
via caspase-independent pathways, as was previously reported in
non-B-cell systems.*®

Whereas apoptosis is a well-studied process in B-cells,
autophagy in B-cells has not received significant attention.
Autophagy is a constitutively active process of cellular degrada-
tion in all cell types and is regarded as a generally protective pro-
cess to prolong cell survival. However, it has been reported that
B-cell death due to STZ, fatty acids, high fat diet and rapamy-
cin is associated with increased autophagy in islet B-cells.’#?
Alternatively, decreases in autophagic turnover have also been
shown to contribute to B-cell dysfunction and decrease B-cell
survival in diabetes.”*** For instance, B-cell-specific deletion of
Atg7, an autophagy related gene essential for lipidation of LC3-1
to form LC3-II during formation of the autophagosome, leads
to islet degeneration, decreased glucose tolerance and reduced
insulin secretion.””* Also noted was the presence of abnormal,
malformed and functionally defective -cell mitochondria and
a distended ER that presumably contributed to reduced insulin
production, suggesting that basal autophagy is required during
the maintenance of normal B-cell function.®® Further, feeding
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Atg7 knockout a high fat diet led to glucose intolerance, dem-
onstrating the importance of autophagy during B-cell mainte-
nance under stress.”! These reports illustrate a complex process
of autophagy, which can be regulated at various steps that can
potentially impact B-cell viability.

Germane to the present study, ER stress triggers the UPR
to relieve the stress but prolonged ER stress in addition to acti-
vating intrinsic apoptosis pathway can upregulate autophagy
as a means to clear mis-folded protein aggregates in the ER.
It is being recognized that though autophagy is a pro-survival
mechanism that it can also activate cell death processes.” It is
now suggested that UPR and autophagy are linked and share
“functional duality,” where they exert cytoprotective activity
under basal/unstressed states but are cytocidal in times of meta-
bolic stress and cellular damage. In light of evidence linking
ceramides with autophagy® and our collective observations that
ER stress induces ceramide generation via an iPLA B-mediated
mechanism, we addressed the possibility that iPLA B expression
modulates B-cell autophagy.

We found that ER stress promoted a greater increase in
LC3-Ilin islets from RIP-iPLA_B-Tg mice, relative to islets from
age-matched WT. In contrast, LC3-II generation was decreased
in islets deficient in iPLA . Thapsigargin is thought to specifi-
cally block fusion of autophagosomes with lysosomes® and we
find that in the presence of inhibitors of autolysosomal activity,
LC3-II accumulations in the RIP-iPLA B-Tg and iPLA B-KO
are similar to their corresponding WT groups. Interestingly,
inhibition of NSMase in the presence of thapsigargin had mini-
mal effect in the WT islets but modestly reduced LC3-1I flux
in the Tg. These findings suggest that differential iPLA 3 acti-
vation can impact (B-cell autophagy and that the most likely
point of effect is beyond the induction step. However, more
detailed studies are needed to identify the precise location of
iPLA B impact on the autophagic response due to ER stress in
the B-cells.

While this is the first demonstration of a link between the
cytosol-associated iPLA B and autophagy, it has been reported
that mice deficient in the membrane-associated iPLA,y had
enlarged hippocampal mitochondrial and that their degen-
eration led to an increase in autophagy.”” They concluded that
iPLA y-deficiency decreased mitochondrial membrane re-mod-
eling, resulting in loss of membrane potential and subsequent
mitochondrial dysfunction leading to cognitive dysfunction and
increased autophagy in the hippocampus. These observations
again illustrate the importance of normal expression of iPLA 3
protein in maintaining cell survival.

The relevance of our findings is that biological processes is islet
B-cells impacted by iPLA_ B appear to be influenced by iPLA 3
homeostasis, where both increased and decreased activity can
have deleterious effects. For instance, clinical reports indicate
that murtations in the PLA2G6 gene are associated with vari-
ous CNS disorders.” ¢ In contrast, increases in iPLA B activity

5

are associated with myocardial ischemia,”” cancer (reviewed in

ref. 9) and inflammatory responses.”®% Of importance to our
findings, increases in iPLA 8 activity (human neutrophils, and

rodent myocardium and vascular smooth muscle)®"** have been
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Figure 9. ER stress-induced autophagy in WT, RIP-iPLA 3-Tg and iPLA 3-KO islets. Islets (500/condition) from WT, RIP-iPLA -Tg and iPLA 3-KO mice
were cultured O/N at 37°C under an atmosphere of 5% CO,/95% air and then treated with either vehicle Control (D, DMSO) or with thapsigargin

(T, 2 wM) for 24 or 48 h. (A and B) ER stress-induced autophagy. (C and D) Autophagy induction due to ER stress. The islets were co-treated with thapsi-
gargin and Pls (200 M leupeptin and 20 MM ammonium chloride) to inhibit autolysosome activation. In some experiments the islets were pretreated
with GW4869 (G, 20 M) for 30 min prior to thapsigargin addition. Ratios of LC3-l to loading control actin in WT and RIP-iPLA 3-Tg islets (A and C) and
in WT and iPLA B-KO islets (B and D), and representative insets of LC3 immunoblots are presented (*significantly different from WT, p < 0.05,

reported in T1IDM. Further, gene expression analyses reveal
increased expression of iPLA_B in peripheral blood mononuclear
cells (PBMCs) from children with TIDM® and interestingly,
iPLA B gene expression is induced in healthy PBMCs upon
exposure to sera from recent diabetes patients.® These observa-
tions are consistent with our hypothesis that increases in iPLA_ 3
in the B-cells could contribute to B-cell dysfunction associated
with diabetes.

In summary, our findings provide evidence for the involve-
ment of iPLAB in apoptosis and autophagy in B-cells due to
ER stress. While our studies have focused on ER stress due to
thapsigargin, to note is that many different stresses are associ-
ated with generation of mature (m) form of SREBP, which can
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translocate to the nucleus and induce expression of many gene
products including that of PLA2GG6, which encodes iPLA (.
The iPLA B gene contains a sterol regulatory element, which
can bind mSREBP to promote iPLA B expression.* Thus, we
speculate that various stresses (ER, hyperglycemia, hyperlipid-
emia, oxidative, autoimmune responses)®7* that are deleteri-
ous to the B-cell and associated with the evolution of diabetes
potentially mediate their effects through activation of iPLA (3.
In this regard, elevated glucose and cytokine levels both activate
iPLA B in pancreatic islets.””’® Continued studies will lead to
a better understanding of the underlying cellular mechanisms
governing the role of iPLA B in islet B-cells and lead to iden-
tification of specific loci that can be targeted for drug therapy.
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Materials and Methods

Materials. Mice (RIP-iPLA B-Tg and iPLA B-KO breed-
ing pairs), generously provided by Dr. John Turk (Washington
University School of Medicine), were bred and maintained,
according to the IACUC policies at the University of Alabama
at Birmingham (UAB). Other materials are as follows: Rabbit
polyclonal antibody to LC3 from Abcam (ab51520); SYBR Green
PCR Kit from Applied Biosystems (4385612); brain and egg
sphingomyelins, ceramide and other lipid standards from Avanti
Polar Lipids; rabbit monoclonal phospho-PERK and cleaved cas-
pase-3 antibodies from Cell Signaling Technology Inc. (3179 and
9664); Accumax from Innovative Cell Technologies (AM105);
AccuPrime Taq DNA polymerase system, SuperScript III first-
strand synthesis system for PT-PCR, guinea pig anti-insulin,
DiOC6(3), and Hoechst Stain from Invitrogen (12339-016,
18080-051, 18-0067, D273 and H21491, respectively); SDS-
PAGE supplies and Triton X-100 from BioRad (161-0156 and
161-0407); normal goat serum, Cy3-conjugated affinipure goat
anti-rabbit IgG (H*L), and Dnk Anti-GPig IgG-FITC from
Jackson Immuno Research Laboratories (005-000-121, 111-165-
003, and 706-096-148, respectively); Immobilin-P PVDF mem-
brane from Millipore Corp. (IPVH00010); Slow Fade® light
antifade kit from Molecular Probes (52828); mouse monoclonal
antibody to LC3 from Nano Tools Antikérpertechnik GmbH
and Co. (0231S0203); L-a-1-palmitoyl-2-arachidonyl [1-“C]
phosphatidylcholine (PAPC), 58 mCi/mmol from Perkin Elmer
(NEC765); RNeasy kit from Qiagen Inc. (74106); TUNEL kit
from Roche Diagnostic Corporation (1684795); CHOP, GRP78,
actin, tubulin, bovine anti-goat IgG-HRP and goat anti-rabbit
IgG-HRP from Santa Cruz Biotech Inc. (sc-575, sc-1050, sc-7210,
sc-8035, sc¢-2350, sc-2030, respectively); caspase-3 colorimet-
ric assay kit ammonium chloride, leupeptin, NSMase inhibitor
GW4869, and protease inhibitor cocktail from Sigma Chemical
Co. (CASP3C, A0171, L9783, D1692 and P8340, respectively);
and SuperSignal* West femto chemi-luminescent substrate from
Thermo Scientific (34094). All other common reagents and salts
were obtained from Sigma Chemical Company.

Generation of RIP-iPLA 3-Tg and iPLA 3" mice and geno-
typing by PCR analyses. Breeders obtained from WUSM were
used to generate colonies of WT, RIP-iPLA B-Tg, and iPLA B
mice at UAB. Tg founders (TGl line'®) were mated with WT
C57BL/6] mice (Jackson Laboratory) to generate RIP-iPLA 3-Tg
mice and WT mice, and male and female iPLA " pairings
were used to generate iPLA 37 (KO) and iPLA B** (WT) mice,
as previously described.'®"
using PCR analyses and the following sense/antisense primers:
WT and RIP-iPLA B-Tg - Set 1, CCT CCG GAG AGC AGC
GAT TAA AAG TGT CA/TAG AGC TTT GCC ACA TCA
CAG GTC ATT CAG and Set 2, CTA GGC TCA GAC ATC
ATG CTG GAC GAG GT/AAG ATC TCA GTG GTA TTT
GTG AGC CAG GG were used together. Set 1 amplified the
sequence in the internal control fatty acid- binding protein gene
and the expected size of the product is 450 bp. Set 2 amplified the
sequence that spans the junction of iPLA 3 and globin cDNA in
the TG construct and the expected size of the product is 200 bp.

Progeny genotype was determined
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WT/ iPLA B"—Set 1, AGC TTC AGG ATC TCA TGC CCA
TC/CTC CGC TTC TCG TCC CTC ATG GA (expected size
of the product for WT is 1400 bp) and Set 2, GGG GCC TCA
GAC TGG GAA TC/Neo: TCG CCT TCT ATC GCC TTC
TTG AC (expected size of the product for KO is 400 bp) were
used separately.

Islet isolation. Mice (3—4 mo age) were killed by cervical dis-
location, abdomen exposed, and pancreata isolated. The common
bile duct was clamped at the duodenum-bile duct junction, and
collagenase/Krebs-Ringer buffer (5 ml) was injected into the pan-
creas via the duct. Once the pancreas was completely distended,
it was removed and placed in a scintillation vial with collagenase/
Krebs-Ringer buffer (2.5 ml) and incubated in a 37°C water bath
for 13 min. The vial was then vigorously shaken for 90 sec, fol-
lowed by washing (3x) of the pancreas with Krebs-Ringer buffer
containing 1 mM CaCl, (50 ml). The pancreas was then resus-
pended in incomplete RPMI 1640 (without FBS or penicillin/
streptomycin, 25 ml) and poured through a 70 wm cell strainer
into a Petri dish. The cells were washed further with incom-
plete RPMI 1640 (75 ml). The cell strainer was then inverted
and rinsed with complete RPMI 1640 (10% fetal bovine serum,
2x penicillin/streptomycin, 25 ml) to collect the remaining islets
in solution. The islets were hand-picked under a microscope,
counted, and incubated overnight in media under an atmosphere
of 5% CO,/95% air and 37°C and then used for the experiments
described below.

Islet iPLA B expression. To confirm that progeny islet expres-
sion of iPLA B matched their genotype, total RNA was isolated
from islets of each genotype using RNeasy kit (Qiagen Inc.).
c¢DNA was then synthesized using SuperScript I11 kit (Invitrogen)
for PCR analyses of iPLA_ B message. PCR amplifications were
performed using AccuPrime Tag DNA Polymerase System, and
the sense/antisense primer sequences were ccg tat gaa gga cga cct
gt/cgg tgg ctt cag gtt aat gt. After verifying the genotypes, the
RIP-iPLA B-Tg and iPLA B3-KO mice were compared against
corresponding age-matched littermate controls (WT) in subse-
quent studies.

iPLA 8 activity assay. Cytosol fraction was prepared from
islets and protein concentration was determined using Coomassie
reagent. Ca**-independent PLA, catalytic activity in an aliquot
of cytosolic protein (30 pg) was assayed under zero Ca** condi-
tions (no added Ca?* plus 10 mm EGTA) in the presence of 16:0/
["“C]20:4 GPC (PAPC, 5 M) as the substrate, and specific enzy-
matic activity was quantitated, as described.?? Because stimulation
of activity by ATP is a characteristic property of iPLA ," the
activity assay was also performed in the presence of 10 mM ATP.

Immunoblotting analyses. Islets were harvested at various
times following induction of ER stress, sonicated, homogenates
analyzed by SDS-PAGE (8 or 15%), and proteins transferred onto
Immobolin-P PVDF membranes and processed for immunoblot-
ting analyses. The targeted proteins and (1° antibody concentra-
tions) were as follows: CHOP (1:500), GRP78 (1:500), iPLA,
(T-14; 1:500), cleaved caspase-3 (1:1,000), LC3 (1:1,000), actin
(1:500) and tubulin (1:1000). The secondary antibody concen-
tration was 1:10,000. Immunoreactive bands were visualized by
enhanced chemiluminescence.
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In situ detection of DNA cleavage by TUNEL staining.
Islets or dispersed islet cells were washed twice with ice-cold
phosphate-buffered saline (PBS). Islets were then immobilized
on slides by cytospin and fixed at room temperature (RT) with
4% paraformaldehyde (in PBS, pH 7.4, 1 h). Dispersed cells
were directly fixed with 4% paraformaldehyde for 20 min. The
islets or dispersed cells were then washed with PBS and incu-
bated in permeabilization solution (0.1% Triton-X-100 in 0.1%
sodium citrate in phosphate-buffered saline, 30 min, RT). The
permeabilization solution was then removed, TUNEL reaction
mixture (50 pl) added, and the cells were incubated (1 h, 37°C)
in a humidified chamber. The islets were washed again with PBS
and counterstained with 1 pwg/ml DAPI (4',6'-diamidino-2-phe-
nylindole) in PBS for 10 min to identify cellular nuclei. Incidence
of apoptosis was assessed under a fluorescence microscope using
a FITC filter. Dispersed cells and flow cytometry were used to
determine the percentage of apoptotic cells in islets.

Cleaved caspase-3 activity. To obtain a quantitative measure
of apoptosis in isolated islets, cleaved (activated) caspase-3 (aC3)
activity was assayed according to Manufacturer’s instructions.
Islets were treated, harvested, resuspended in 1x lysis buffer
(100 /200 islets, 20 min), sonicated and centrifuged at 18,000
g for 20 min at 4°C. The supernatants were then collected for the
activity assay, which is based on measurement of aC3-catalyzed
generation of p-nitroaniline (pNA) from Ac-DEVD-pNA sub-
strate. Ten pl of cell lysate or casp-3 positive control was incu-
bated (3 h, 37°C, total volume of 1 ml) with 1 x assay buffer and
the casp-3 substrate. The samples were then transferred to 1 ml
quartz cuvettes and the absorbance of released pNA was read at
405 nm. Measured activity of cleaved caspase-3 was normalized
to protein.

Immunostaining,. Islets were fixed in 10% formalin and 5 pl
of tissue marking dye, followed by the addition of 150 pl of low
melting agarose. The mixture was spun down quickly to settle
the islets at one surface of the agarose, which was then allowed
to solidify. The islet-containing blocks were then processed, and
paraffin sections (8—10 um) were prepared for iPLA B, aC3 and
insulin staining. The sections were incubated overnight with pri-
mary antibodies (1:25), washed with PBS (4 x 30 min), incubated
for 2-3 h with secondary antibodies (1:100 of Cy3 for insulin and
Alexa Fluor 594 for iPLA B or cleaved caspase-3) and washed
with PBS (3x, 10 min each). DAPI stain (20-30 l) was then
added, and the sections were sealed with a coverslip using nail
polish. Fluorescence was recorded using a Nikon Eclipse TE300
microscope and images were captured at 20x magnification.

Quantitative RT-PCR. To determine mRNA expression of
neutral sphingomyelinase (NSMase), total RNA was isolated
from islets using RNeasy kit. cDNA was then synthesized using
SuperScript III kit (Invitrogen) and heat-inactivated (70°C for
15 min). A reaction without reverse transcriptase was performed
to verify the absence of genomic DNA. PCR amplifications were
performed using SYBR Green PCR kit in an ABI 7000 detection
system (Applied Biosystems). The sense/antisense primer sets for
NSMase and 18S were ccg gat gca cac tac ttc aga a/gga teg ggt gtc
tgg aga aca and agt cct gee ctt tgt aca ca/gat ccg agg gec tea cta
aac, respectively.
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Ceramide analyses by electrospray ionization (ESI)/MS/
MS. Lipids were extracted from islets under acidic condi-
tions, as described.? Briefly, islets were harvested, gently pel-
leted and extraction buffer (chloroform/ methanol/2% acetic
acid, 2/2/1.8; v/v/v) containing C8-ceramide (m/z 432) inter-
nal standard (IS, 500 ng), which is not an endogenous com-
ponent of B-cell lipids, was added to the cellular pellet. After
vigorous vortexing, the mixture was centrifuged (800 g) and
the organic bottom layer was collected, concentrated to dry-
ness under nitrogen and reconstituted in chloroform/methanol
(1/4) containing 10 pmol/pl LiOH. To determine ceramide
abundances, ESI/MS/MS standard curves were generated from
a series of samples containing fixed amount of C8-ceramide
standard and varied amounts of long-chain ceramide standards.
The relative abundances of individual ceramide species, relative
to the C8-ceramide IS, were measured by ESI/MS/MS scan-
ning for constant neutral loss of 48, which reflects the elimina-
tion of formaldehyde and water from the [M + Li*] ion.” This
loss is characteristic of ceramide-Li* adducts upon low energy
collisionally-activated dissociation ESI/MS/MS. Lipid phospho-
rous measurements were used to normalize individual ceramide
molecular species.

Sphingomyelin (SM) analyses by ESI/MS/MS. Lipid
extracts prepared as above were used for the sphingomyelin anal-
yses. Sphingomyelins are formed by reaction of a ceramide with
CDP-choline, and similar to GPC lipids, they contain a phos-
phocholine as the polar head group. This feature of sphingomy-
elins facilitates identification of sphingomyelin molecular species
by constant neutral loss scanning of trimethylamine ([M+ HJ*
- N(CH,),) or constant neutral loss of 59, as described.”” The
prominent ions in the total ion current spectrum are those of the
even mass PC molecular species, and these mask the odd mass
sphingomyelin signals.?® Constant neutral loss of 59, however,
facilitates emergence of signals for sphingomyelin species at odd
m/zvalues, reflectingloss of nitrogen. Lipid extracts were prepared
as above in the presence of a 14:0/14:0- GPC (m/z 684, 8 pg)
IS, which is not an endogenous component of B-cell lipids, and
analyzed by ESI/MS/MS. Sphingomyelins abundances in the
samples was determined based on standard curves generated
using commercially available brain and egg sphingomyelins with
a known percentage of each fatty acid constituent and the inter-
nal standard as described.?® Lipid phosphorous measurements
were used to normalize individual sphingomyelin molecular
species.

Islet dispersion and cell sorting. Islets were collected and
washed with PBS (2x) before being dispersed into single cells.
Islets were resuspended in 1 ml of Accumax and incubated for
1 h at 37°C. Dispersed cells were then washed once and passed
through a filter (35 wm pore size) to eliminate cell clumps.
Sorting protocol was based on endogenous flavin adenine dinu-
cleotide (FAD) auto-fluorescence in B-cells.”” High and low fluo-
rescent cells were sorted on a fluorescence-activated cell sorter
(FACS, BD Biosciences). The FAD content of the dispersed cells
was analyzed at an excitation wavelength of 488 nm, and col-
lected at 525 nm. The group of high autofluorescent cell popula-
tion typically comprised 90-95% B-cells.
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Assessment of mitochondrial membrane potential. (-cells
obtained using the FACS protocol were washed with PBS (2x)
at room temperature and then incubated with DIOCG6(3) solu-
tion (175 nm) for 15 min under an atmosphere of 5% CO,/95%
air (37°C). The Hoechst reagent (5 pg/ml) was then added to
stain the nucleus. After 20 min, the cells were rinsed with PBS
and mounted on slides, and then immediately examined using a
confocal laser-scanning microscope (Zeiss) with a 488-nm argon
laser and a 405-nm diode laser.

Autophagy. Islets (500/condition) were treated with vehicle
(DMSO) or thapsigargin (2 wM) in the absence or presence of
leupeptin (200 pM) and ammonium chloride (20 mM), which
inhibit autolysosomal activity. In some experiments, islets were
pre-treated with the NSMase inhibitor GW4869 (20 wM) for
30 min prior to addition of thapsigargin. Autophagy was
monitored by determining the ratio of LC3-II to loading

Statistical analyses. Data were converted to mean + standard
error of the means and the Student’s t-test was applied to deter-
mine significant differences between two samples (p < 0.05).
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