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ABSTRACT Mice with germline absence of SEC23B die perinatally, exhibiting massive pan-
creatic degeneration. We generated mice with tamoxifen-inducible, pancreatic acinar cell-
specific Sec23b deletion. Inactivation of Sec23b exclusively in the pancreatic acinar cells of
adult mice results in decreased overall pancreatic weights from pancreatic cell loss (decreased
pancreatic DNA, RNA, and total protein content), as well as degeneration of exocrine cells,
decreased zymogen granules, and alterations in the endoplasmic reticulum (ER), ranging
from vesicular ER to markedly expanded cisternae with accumulation of moderate-density
content or intracisternal granules. Acinar Sec23b deletion results in induction of ER stress and
increased apoptosis in the pancreas, potentially explaining the loss of pancreatic cells and
decreased pancreatic weight. These findings demonstrate that SEC23B is required for normal

function of pancreatic acinar cells in adult mice.
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INTRODUCTION

SEC23 is a core component of coat protein complex Il (COPII)
vesicles, which transport secretory proteins from the endoplasmic
reticulum (ER) to the Golgi apparatus. The genes encoding COPII
vesicle components are highly evolutionarily conserved; however,
in contrast to yeast, the mammalian genome contains two or more
paralogues for most of these genes (Bonifacino and Glick, 2004;
Khoriaty et al., 2012; Zanetti et al., 2012). The two mammalian
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paralogues for SEC23—SEC23A and SEC23B—exhibit ~85%
amino acid sequence identity (Bonifacino and Glick, 2004; Khoriaty
et al., 2012; Zanetti et al., 2012). In humans, SEC23A mutations
result in cranio-lenticulo-sutural dysplasia, an autosomal recessive
disease characterized by late closure of fontanelles, skeletal ab-
normalities, and sutural cataracts (Boyadjiev et al., 2010; Lang
et al., 2006), whereas homozygous/compound heterozygous loss-
of-function SEC23B mutations result in congenital dyserythropoi-
etic anemia type Il (CDAIl; Bianchi et al., 2009; Schwarz et al.,
2009; Khoriaty et al., 2012), a disease characterized by a defect in
erythroid maturation. We previously reported that mice genetically
deficient for SEC23A exhibit midembryonic lethality and a cranial
developmental defect (Zhu et al., 2015), and mice homozygous for
a Sec23b null allele die perinatally with massive pancreatic degen-
eration (Tao et al., 2012). Mice with embryonic pancreas-specific
SEC23B deficiency recapitulated the latter phenotype (Khoriaty
et al., 2016), with pancreas tissues harvested from these mice
demonstrating abnormal acinar cell histology but normal-appear-
ing islet cells.

The pancreas is a professional secretory organ with two highly
active cell types engaged in protein synthesis and secretion—
the exocrine acinar cell, which secretes digestive enzymes, and
the endocrine beta and alpha cells, which secrete insulin and
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glucagon, respectively. Acinar cells contain abundant rough en-
doplasmic reticulum (RER), prominent Golgi, and large secretory
granules termed zymogen granules (ZGs; Gorelick and Jamie-
son, 2012). Approximately 20 different digestive enzymes are
synthesized on the RER and traverse the secretory pathway, with
the ER to Golgi being a major concentrating step (Oprins et al.,
2001). The early steps by which coated vesicles bud from smooth
regions of the ER termed transition zones appear similar in aci-
nar cells and other secretory cells. The concentrations of amy-
lase and chymotrypsinogen are similar in the COPII vesicle and
the RER lumen, suggesting a bulk flow process for this initial step
(Martinez-Menarguez et al., 1999; Klumperman, 2000; Barlowe
and Helenius, 2016).

To test whether SEC23B is required for normal pancreatic func-
tion in adult mice, we now report the characterization of mice with
tamoxifen-inducible, acinar cell-specific SEC23B deficiency. Tamox-
ifen administration to adult mice results in loss of pancreatic mass
with evidence of cell loss, degeneration of exocrine cells (with
smaller-than-normal zymogen granules and ER dilation), ER stress,
and increased pancreatic cell apoptosis.

RESULTS

Generation of mice with tamoxifen-inducible, pancreatic
acinar cell-specific Sec23b deletion

Mice with tamoxifen-inducible, acinar cell-specific deletion of
Sec23b were generated by crossing Sec23b*~ CreErT* mice to
Sec23b*M mice. This cross yielded the expected number of
Sec23b™ CreErT* mice at weaning (Table 1). One week after tamox-
ifen administration, pancreas tissues were harvested from the latter
mice to determine the degree of excision of Sec23b. Sec23b™"
CreErT* pancreata exhibited ~90% lower expression of wild-type
(WT) Sec23b mRNA by quantitative RT-PCR (gqRT-PCR) than WT pan-
creata (Figure 1B), with similar decreases in steady-state SEC23B
protein by Western blot analysis (Figure 1, C and D). Because Cre-
ErT is expressed only in acinar cells (Ji et al., 2008), some or all of the
residual SEC23B expression could be derived from islet and other
nonacinar cells. Thus these data are consistent with high-level exci-
sion of Sec23b in pancreatic acinar cells after tamoxifen administra-
tion. Sec23a mRNA and protein levels were not increased in pan-
creata of mice with acinar cell deletion of Sec23b (Figure 1, E-QG).

Depletion of Sec23b in acinar cells of adult mice results in
lower pancreatic weight

One week after tamoxifen administration, mice were killed and pan-
creata were dissected and weighed. Mice with acinar cell deletion of
Sec23b (Sec23b™ CreErT* or Sec23b™! CreErT* mice) exhibited
~40% decrease in pancreatic weight compared with WT control
mice (Sec23b™1 CreErT-, Sec23b* CreErT-, Sec23b*/* CreErT*,

and Sec23b** CreErT- mice; p < 0.0001), whereas pancreatic
weights of mice with heterozygous acinar cell deletion of Sec23b
(Sec23b*”~ CreErT*, Sec23b*~ CreErT-, and Sec23b*f CreErT*
mice) were not significantly different than those of WT mice (p =
0.09; Figure 2A).

The mouse weights before and after tamoxifen administration
were indistinguishable between mice with acinar depletion of SEC23B
and WT control mice (Figure 2, B and C), suggesting no effect of aci-
nar Sec23b deletion on food intake or duodenal pathology.

To determine the baseline CreErT activity in the absence of
tamoxifen induction, we gavaged a cohort of mice (Sec23b” Cre-
ErT*, Sec23b™ CreErT*, and WT controls) with corn oil not contain-
ing tamoxifen. Sec23b™" CreErT* and Sec23b™ CreErT* mice ex-
hibited ~13% lower pancreatic weights than WT mice (p = 0.03;
Figure 2D), explaining only a portion of the decrease in pancreatic
weight observed in Sec23b" CreErT* and Sec23b"f CreErT* mice
after tamoxifen administration.

To determine whether the pancreatic weight after Sec23b acinar
cell deletion would drop further with time, we followed a cohort of
mice for 2 wk after administration of tamoxifen. The latter mice ex-
hibited a ~40% decrease in pancreas weight compared with WT
control mice (Figure 2 E), which is indistinguishable from the drop
observed 1 wk after tamoxifen administration.

The lower pancreatic weight in mice with acinar deletion of
Sec23b is due to cell loss

We calculated total pancreatic DNA, RNA, and protein contents
1 wk after tamoxifen administration. Mice with acinar cell deletion
of Sec23b exhibited ~43% decrease in pancreatic DNA content
(p=0.01; Figure 2F), ~53% decrease in RNA content (p < 0.0001;
Figure 2G), and ~46% decrease in protein content (p < 0.0001;
Figure 2H) compared with WT mice. The total DNA, RNA, and pro-
tein contents of pancreas tissues decreased proportionately to the
decrease in pancreas weights resulting from Sec23b deletion in aci-
nar cells, indicating that the decreased pancreas weight can be fully
explained by a reduction in cell number, not cell size.

Acinar Sec23b deletion results in degeneration of exocrine
cells, decreased zymogen granules, and ER alterations

One week after acinar cell-specific deletion of Sec23b, histologic
evaluation of pancreas tissues demonstrated smaller-than-normal
pancreata with mild to moderate disruption of normal lobular archi-
tecture due to multifocal degeneration of exocrine epithelial cells
within pancreatic lobules, with shrinkage of lobules and prominence
of supporting stroma and periductular fibrosis. Degenerate acinar
cells were shrunken, with loss of zymogen granules, condensed nu-
clei, and cytoplasmic enhancement of the eosin stain (Figure 3A).
Histologic evaluation of pancreas tissues performed 2 wk after

Sec23b**  Sec23b**  Sec23b*f  Sec23b*f  Sec23b*~ Sec23b*~ Sec23b™f Sec23b~/f!
Genotype CreErT(+) CreErT(-) CreErT(+) CreErT(-) CreErT(+) CreErT(-) CreErT(+) CreErT(-) p value?
Expected 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
ratio (%)
Percentage 9 (16) 13 (23) 14 (24) 14 (24) 13 (22) 13 (23) 11(19) 13 (23) >0.8
observed
at weaning
(n=174)

2p calculated for Sec23b™M CreErT(+) mice versus all other genotypes.

TABLE 1: Results of Sec23b* CreErT(+) x Sec23b*/f matings to generate mice with tamoxifen-inducible, acinar cell-specific deletion of Sec23b.
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FIGURE 1: Sec23b inactivation in pancreatic acinar cells. (A) Sec23b alleles (not drawn to scale; Khoriaty et al., 2014).
Each square indicates an exon, and horizontal lines between exons indicate introns. F4 and R4 are primers used for
assessing efficiency of Cre-mediated excision. (B) Sec23b excision determined by qPCR (n = 3 for each genotype) and
(C) Western blot on pancreas tissues 7 d after administration of tamoxifen. (D) Quantification of the SEC23B band
intensities in C relative to average of GAPDH and RalA performed using ImageJ. (E-G) Quantitation of Sec23a
expression by (E) gPCR (three controls and four Sec23b~ CreErT* mice), (F) chemiluminescence Western blot detection,
and (G) quantitative Western blot (infrared fluorescence detection) in pancreas tissues 7 d after administration of
tamoxifen (three mice per genotype).

tamoxifen administration revealed comparable findings (Supple-  tamoxifen treatment, acinar cell structure in pancreata of WT mice
mental Figure S1A). exhibited the expected concentration of zymogen granules sur-

Alteration in acinar morphology after Sec23b excision was also  rounding the acinar lumen in the apical pole of the cell and abun-
assessed by electron microscopy (Figure 4). Seven days after  dant RER in basolateral regions (Figure 4A). In contrast, the majority
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FIGURE 2: Sec23b deletion in acinar cells results in decreased pancreatic weight from cell loss. (A) Ratios of
pancreas to total body weight 7 d after administration of tamoxifen indicate substantial loss of pancreas weight
resulting from inactivation of Sec23b in pancreas acinar cells. Mouse weights (B) before and (C) 1 wk after
tamoxifen administration indicates no loss of total body weight with acinar deletion of Sec23b. (D) Ratios of
pancreas to total body weight 7 d after administration of corn oil demonstrate that only a small portion of the
pancreatic weight loss is explained by basal CreErT activity in the absence of tamoxifen induction. (E) A cohort of
mice were evaluated 14 d after tamoxifen administration, demonstrating no continued drop in pancreatic weight
compared with evaluation performed 7 d after tamoxifen in A. The loss of pancreatic weight is associated with a
comparable degree of decrease in pancreas (F) DNA, (G) RNA, and (H) total protein, consistent with cell loss. Each

data point represents one mouse.

of acinar cells in Sec23b™ CreErT* mice exhibited striking abnor-
malities, including decreased zymogen granules (Figure 4) and al-
terations in ER morphology ranging from vesicular ER to markedly
expanded cisternae with accumulation of moderate-density content
or intracisternal granules (Figure 4, B-F). Cells containing vesicular
ER often showed ribosomes associated with only portions of the
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vesicular membrane (Figure 4, F and inset). Many acinar cells
showed alteration in their general polarity, with granules accumulat-
ing in basal regions of the cell, whereas other cells had greatly re-
duced granule densities. The acinar cell morphology was also as-
sessed 14 d after administration of tamoxifen, with findings similar
to those at the earlier time point (Supplemental Figure S2).
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Sec23b** Sec23b”f CreErT*

FIGURE 3: Histologic evaluation of pancreas tissues 7 d after deletion of acinar Sec23b. The
evaluation was performed by an investigator blinded to the genotypes of the mice from which
the tissues were derived (four mice of each genotype were evaluated). (A) At 7 d after acinar
Sec23b deletion, evaluation of pancreas tissues by hematoxylin and eosin stains demonstrated
overall loss of parenchymal size and lobular atrophy due to degeneration of acinar epithelial
cells, characterized by cellular shrinkage, cytoplasmic loss with loss of zymogen granules,
enhancement of the eosin stain, and nuclear pyknosis (middle) compared with WT controls (left).
Right, positive control for pancreatitis 1 d after cerulean treatment. Immunohistochemistry for
(B) CD45 and (C) F4/80 demonstrates a small number of white blood cells (mostly macrophages)
infiltrating pancreas tissues of mice with acinar Sec23b deletion compared with mice with

cerulean-induced pancreatitis (positive control).

Sec23b deletion in acinar cells fails to produce clear
manifestations of acute pancreatitis

We measured random blood glucose and plasma amylase levels
1 wk after tamoxifen administration. Mice with acinar cell deletion of
Sec23b exhibited indistinguishable blood glucose (Figure 5A) and
plasma amylase levels (Figure 5B) compared with mice heterozy-
gous for Sec23b in their acinar cells and WT controls. In addition, a
small number of white blood cells (mostly resident macrophages
and lymphocytes) were observed by immunohistochemistry, but
much fewer than in the pancreatitis positive control samples, which
contained a significant number of neutrophils in addition to large
numbers of other inflammatory cells (Figure 3, B and C, and Supple-
mental Figure S1, B and C). Carboxypeptidase A1 cleavage, which is
seen in pancreatitis (Leach et al., 1991), was not observed in pan-
creas tissues of mice with acinar Sec23b deletion (Figure 5C). Other
pancreas digestive enzymes were variably affected relative to total
protein. Amylase was decreased in total pancreatic cell lysates pre-
pared from mice with acinar deletion of Sec23b compared with WT
mice (Figure 5D), with a less clear effect on chymotrypsin and trypsin
(Figure 5E).

Acinar Sec23b deletion results in ER stress and increased
apoptosis

To determine whether the ER dilatation observed after acinar Sec23b
deletion is associated with induction of ER stress and the unfolded
protein response (UPR), we determined the expression level of a
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Pancreatitis positive control

panel of associated genes by qRT-PCR. Ex-
pression for many of these genes was in-
creased after acinar Sec23b deletion, with
the increase in Eif2a and Grp%4 reaching
statistical significance (p < 0.05; Figure 6A).

After tamoxifen administration, terminal
deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assays were also per
formed on pancreatic tissues harvested
from Sec23b” CreErT* mice and WT con-
trols (Figure 6B, a-d). Three days after
tamoxifen administration, the percentage of
TUNEL-positive cells in Sec23b™ CreErT*
mice (6.08%) was higher than that in WT
control mice (0.04%; Figure 6C). The same
pattern was observed 7 d after tamoxifen
administration (1.62 and 0.11%, respec-
tively; Figure 6C). Consistent with these re-
sults, the expression of activated caspase 3
was increased in pancreata of Sec23b™f
CreErT* mice compared with WT control
mice (Figure 6B, e and f).

DISCUSSION

Mice with germline deletion of Sec23b die
perinatally, exhibiting massive pancreatic
degeneration (Tao et al., 2012). Pancreas-
specific Sec23b deletion in developing
mouse embryos recapitulates the pheno-
type of mice with global SEC23B deficiency
(Khoriaty et al., 2016), demonstrating that
the defect in the latter mice is intrinsic to the
pancreas. It is not clear whether this effect is
mediated by the loss of the endocrine or
exocrine pancreas or the development of
intrauterine pancreatitis.

In this study, we evaluated the effect of SEC23B depletion in adult
pancreatic acinar cells by generating mice with tamoxifen-inducible,
acinar cell-specific SEC23B deficiency. Tissue was evaluated from
3 d to 2 wk after tamoxifen. Tamoxifen administration to these adult
mice results in pancreatic cell loss, swollen ER with degeneration of
exocrine cells, ER stress, and increased pancreatic acinar cell apopto-
sis but without an effect on viability of the mice. There were small
numbers of white blood cells (primarily resident macrophages and
lymphocytes) in pancreatic tissues of the latter mice; these infiltrates
were minimal in comparison to the moderate inflammatory cell infil-
tration in the pancreatitis-positive control tissues. In addition, the
pancreatitis control tissues exhibited a significant number of neutro-
phils, consistent with a primary inflammatory process in the pancreas.
In contrast, the small numbers of macrophages observed in the pan-
creas of SEC23B-depleted mice is consistent with a clean-up process
secondary to acinar degeneration rather than an active inflammatory
process. In addition, amylase was not increased in the plasma of
mice with acinar depletion of SEC23B, and carboxypeptidase cleav-
age was not observed, arguing against frank pancreatitis. Taken to-
gether, these data demonstrate that SEC23B is important for mainte-
nance of function of adult murine pancreatic acinar cells. Specifically,
the results are consistent with a role for SEC23B in forming the COPII
coat, which promotes budding of transport vesicles off the ER, initiat-
ing passage through the secretory pathway and culminating in the
production of ZG. Blockage of the early secretory pathway explains
the reduction in ZG. Because some granules are still present, the

Molecular Biology of the Cell



FIGURE 4: Electron microscopy of pancreas tissues 7 d after deletion of acinar Sec23b. Evaluation of pancreas tissues
by electron microscopy demonstrates normal acinar morphology in WT control mice, with numerous granules adjacent
to the lumen (arrowhead) and basal RER cisternae (A). Pancreas tissues with acinar deletion of Sec23b exhibited variably
decreased zymogen granules (B; arrowhead denotes ER lumen), as well as multiple alterations, including vesicular or
expanded RER (C, cells 2 and 3; in contrast to normal cell morphology, C, cell 1), expanded RER cisternae with
amorphous content (C, D), small intracisternal granules (E, arrow and higher-magpnification inset), crenulated nucleus and
vesicular RER (F), with amorphous content and partial studding with ribosomes (F and inset). Scale bars as indicated;
250 nm (insets). Three mice of each genotype were evaluated.
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MATERIALS AND METHODS

Mice and PCR genotyping

A Sec23b floxed allele (Sec23b™ and a
Sec23b null allele (Sec23b7) were generated
as previously described (Figure 1A; Khoriaty

Sec23p1
CreErT+

Trypsinogen

GAPDH s

FIGURE 5: Deletion of Sec23b in mouse acinar cells does not affect plasma glucose or amylase
but results in decreased pancreatic amylase in total pancreas cell lysates. (A) Sec23b deletion in
acinar cells does not result in increased plasma glucose or (B) increased plasma amylase (each data
point represents one mouse). (C) Carboxypeptidase cleavage observed in pancreas tissues of mice
given cerulein to induce pancreatitis was not observed in pancreas tissues of mice with acinar
Sec23b inactivation. (D) Sec23b deletion in pancreas acinar cells results in decreased pancreatic
amylase in total pancreas cell lysates, (E) with a less clear effect on chymotrypsin and trypsin.

blockage is not complete. Of interest, different digestive enzymes
move through the pathway to the ZG at different rates. Chymotryp-
sinogen moves faster and shows a higher increase in concentration
than amylase (Oprins et al., 2001). The slower movement of amylase
may be related to the overall fall in tissue amylase compared with
chymotrypsinogen, which does not fall in SEC23B deficiency.

In contrast to mice with germline SEC23B deficiency, Sec23b de-
letion in pancreatic acinar cells of adult mice is not lethal (a cohort of
mice was followed for ~2-3 wk after tamoxifen administration). One
possible explanation is that these mice were observed for too short
a time after tamoxifen administration to assess for mortality. Alterna-
tively, selection over time against acinar cells with complete Sec23b
excision could result in enrichment for normal acinal cells with intact
Sec23b. Another possible explanation is that the small percentage
of acinar cells without Sec23b excision might be sufficient for sur-
vival of these mice. It is also possible that Sec23b exerts a unique
function during murine embryonic development, which is responsi-
ble for the damage in the setting of germline deletion.

Acinar cell death after Sec23b deletion could result from accumu-
lation of exocrine pancreatic enzymes in the ER, resulting in ER stress
and apoptosis. Consistent with this hypothesis, mutations in PRSST,
the gene encoding trypsinogen, that result in an increase of its activ-
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et al., 2014). Mice carrying a pancreatic
acinar cell-specific, tamoxifen-inducible Cre-
recombinase (CreErT) transgene (a generous
gift from C. Logsdon, M.D. Anderson Cancer
Center, Houston, TX; Ji et al., 2008) were
crossed to Sec23b*~ mice to generate
Sec23b*~ CreErT* mice. CreErT mice ex-
press Cre recombinase under the control of
the full-length elastase gene promoter, re-
sulting in expression of Cre recombinase in
nearly 100% of the acinar cells but not in
duct or islet cells (Ji et al., 2008; Gurda
et al., 2010). Genotyping for the Sec23b,
Sec23b, and CreErT alleles was performed
as previously described (Ji et al., 2008;
Khoriaty et al., 2014). All of the mice used in this study were either
generated on the C57BL/6J background or crossed to the latter
genetic background for more than six generations.

A cohort of WT mice were given cerulein (50 pg/kg) every hour
for 7 h to induce pancreatitis as previously described (Sans et al.,
2003). These mice, which exhibit increased plasma amylase and pan-
creatic cell damage, were used as positive control for pancreatitis.

Tamoxifen administration

Tamoxifen (purchased from Sigma-Aldrich) was dissolved in corn oil
at 10 mg/ml. Mice at 5-6 wk of age were administered tamoxifen
(3 mg tamoxifen per 40 g of mouse weight) via daily gavage for 4 d.

Blood glucose and amylase measurement

Blood glucose was measured using the OneTouch Ultra glucometer
(LifeScan) or the Contour glucometer (Bayer), and plasma amylase
was measured using Phadebas reagents (Magle Life Sciences) ac-
cording to manufacturer’s instructions.

DNA, RNA, and protein isolation and measurement

Pancreas tissue samples were weighed and homogenized at 100 mg/
1.5 ml solution of 5 mM MgCl, plus 0.1% Triton X-100 and then

Molecular Biology of the Cell
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FIGURE 6: Expression of UPR genes and TUNEL assay in pancreas tissues after acinar Sec23b
deletion. (A) Real time RT-PCR expression of select UPR genes was performed on pancreas
tissues harvested 1 wk following administration of tamoxifen, with levels normalized to B-actin.
Data are represented by mean = SEM. Asterisks indicate statistically significant difference

performed as previously described (Khoriaty
et al, 2014). Mouse anti-actin and anti-
GAPDH antibodies were obtained from Santa
Cruz Biotechnology and Millipore, respec-
tively. Rabbit anti-SEC23B and anti-SEC23A
antibodies were generated as previously de-
scribed (Khoriaty et al., 2014). Carboxypepti-
dase A1, amylase, chymotrypsin, and trypsin
antibodies were obtained from R&D Systems
(AF2765), Sigma-Aldrich (A8273), Fitzgerald
(20C-CR1095R), and Santa Cruz Biotech-
nology (sc-67388), respectively. Quantitative
Western blots (infrared fluorescence detec-
tion) were performed and analyzed as previ-
ously described (Khoriaty et al., 2016).

Sec23b/f
CreErT+

Hematoxylin and eosin staining and
electron microscopy

Pancreas tissues were collected and fixed in
4% paraformaldehyde for histologic analysis.
Tissues were processed, embedded in paraf-
fin, sectioned at 4 pm, and stained with he-
matoxylin and eosin. Electron microscopy
was performed on pancreas tissues as previ-
ously described (Crozier et al., 2009; Hou
et al., 2015). In brief, minced pancreas was
fixed in a mixture of 2% formaldehyde and
2% glutaraldehyde in phosphate-buffered
saline, postfixed in 1% osmium tetroxide,
and then dehydrated and embedded in
Epon. Ultrathin sections were stained with
uranyl acetate and lead citrate and evaluated
with a Phillips CM-100 electron microscope.

between WT and Sec23b~"" CreErT(+) samples. Six mice from each genotype were evaluated.

(B) TUNEL assays overlaid on DAPI were performed 3 d (a, b) and 7 d (c, d) after administration
of tamoxifen. Sec23b~ CreErT* mice exhibit increased apoptosis at both time points.
Immunostaining for active caspase-3 demonstrates increased expression in mice with acinar
deletion of Sec23b (f) compared with WT mice (e) on Nomarski image. (C) Average percentage
of TUNEL-positive cells (three or four mice were evaluated per condition and ~2000-2500 cells
counted per sample). The evaluation was performed by an investigator blinded to the

genotypes of the mice from which the tissues were derived.

sonicated. DNA and RNA were measured using the Qubit RNA HS
Assay Kit (Q32852; Life Technologies) and Qubit dsDNA HS Assay Kit
(Q32851; Life Technologies), respectively, according to manufacturer’s
instructions. Protein was measured spectrophotometrically by using
Bio-Rad protein assay reagent. Total pancreatic protein, DNA, and
RNA were then calculated (Tashiro et al., 2004; Crozier et al., 2010).

qRT-PCR

RNA was isolated from pancreas tissues using the RNeasy Kit (Qia-
gen). cDNA synthesis was carried out using the Superscript First-
Strand Synthesis System for RT-PCR (Invitrogen) with random prim-
ers. Power SYBR Green PCR Master Mix (Applied Biosystems) was
used for gRT-PCR using the Applied Biosystems 7900HT Fast Real-
Time PCR System. Each sample was analyzed in triplicate, and Gapdh
(glyceraldehyde-3-phosphate dehydrogenase) or Atcb (B-actin) was
used as internal control. Relative gene expression was determined
using the 224CT method. Supplemental Table S1 lists primers used.

Western blot and antibodies

Total cell lysates were prepared from pancreas tissues, and Western
blots (film visualization with chemiluminescence detection) were
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Immunohistochemistry
Immunohistochemistry was performed as
previously described (Khoriaty et al., 2016)
with anti-CD45 and anti-F4/80 antibodies
purchased from Novus Biologicals (NB100-
77417) and Abcam (ab6640), respectively.

TUNEL assay and caspase 3 immunostaining
The ApopTag Red In Situ Apoptosis Detection Kit (Chemicon,
Millipore) was used to localize red fluorescent TUNEL-positive
nuclei. Briefly, fresh-frozen sections of pancreas were fixed for
10 min with a 2:1 mixture of methanol and acetone at —20°C. Sec-
tions were treated with the kit reagents as specified by the manufac-
turer, coverslipped with mounting medium containing fluorescent
nuclear stain 4’,6-diamidino-2-phenylindole (DAPI; Prolong Gold,
Invitrogen), and viewed with a 40x objective of an Olympus BX-51
fluorescence microscope. Five randomly chosen DAPI-stained fields
in sections from each animal were photographed, each followed by
changing filters to photograph TUNEL fluorescence. DAPI-stained
nuclei were counted using the Nuclei Counting program in Meta-
Morph software (Molecular Devices, Sunnyvale, CA), and TUNEL-
positive nuclei were counted manually. The percentage of TUNEL-
positive nuclei was calculated for each field (five determinations per
mouse), and these values were then averaged for each mouse. This
experiment was performed by an investigator blinded to the geno-
types of the mice from which the pancreas tissues were harvested.
Immunofluorescence localization of caspase-3 (8G10 rabbit
monoclonal antibody, Cell Signaling Technology, Danvers, MA,
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Alexa anti-rabbit 594, Thermo Fisher Scientific, Grand Island, NY)
was performed on cryostat sections of pancreas tissue that had
been fixed in 4% paraformaldehyde. Immunostaining for caspase-3
was merged with its corresponding Nomarski image to show acinar
cell distribution of caspase-3.

Statistical analysis

The chi-square test was used to determine the statistical signifi-
cance of the deviation from Mendelian ratios for mouse crosses. The
Student’s t test was used to calculate the statistical significance of
the differences between various parameters among different
genotype groups. p < 0.05 is considered statistically significant.
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