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Abstract: Patients suffering from chronic pancreatitis (CP) have a higher risk of pancreatic ductal adenocarcinoma
(PDAC) compared to the general population. For instance, the presence of an activated pancreatic stellate cell
(PaSC)-rich stroma in CP has facilitated the progression of non-invasive pancreatic intraepithelial neoplasia (PanIN)
lesions to invasive PDAC. We have previously found that in a mouse model of CP, NADPH oxidase 1 (Nox1) in acti-
vated PaSCs forms fibrotic tissue and up-regulates both matrix metalloproteinase (MMP) 9 and the transcription
factor Twist1. Yet, the role and mechanism of Nox1 in activated PaSCs from mice with CP (CP-activated PaSCs) in the
progression of PDAC is unknown. For that, we tested the ability of Nox1 in CP-activated PaSCs to facilitate the growth
of pancreatic cancer cells, and the mechanisms involved in these effects by identifying proteins in the secretome
of CP-activated PaSCs whose production were Nox1-dependent. We found that, in vitro, Nox1 evoked a pro-invasive
and cancer-promoting phenotype in CP-activated PaSCs via Twist1l/MMP-9 expression, causing changes in the ex-
tracellular matrix composition. In vivo, Nox1 in CP-activated PaSCs facilitated tumor growth and stromal expansion.
Using mass spectrometry, we identified proteins protecting from endoplasmic reticulum, oxidative and metabolic
stresses in the secretome of CP-activated PaSCs whose production was Nox1-dependent, including peroxiredoxins
(Prdx1 and Prdx4), and thioredoxin reductase 1. In conclusion, inhibiting the Nox1 signaling in activated PaSCs from
patients with CP at early stages can reduce the reorganization of extracellular matrix, and the protection of neoplas-
tic cells from cellular stresses, ameliorating the progression of PDAC.
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Introduction factors (e.g., age) [3]. In mouse models, both
the induction of CP and the expression of onco-
The greatest risk factor associated with pan- genic Kras lead to a progression of PDAC [4].

creatic ductal adenocarcinoma (PDAC) is chron-
ic pancreatitis (CP), which is a disease charac-
terized by long-standing inflammation that le-
ads to irreversible destruction of the parenchy-
ma and replacement with fibrotic tissue (i.e.,
stroma) [1], mainly produced by activated pan-
creatic stellate cells (PaSCs) [2]. For instance,
the progression of non-invasive pancreatic in-
traepithelial neoplasia (PanIN) lesions to inva- One of the proposed landmarks of CP that facili-
sive PDAC increases with CP, amongst other tates the progression of PDAC is the presence

The sequence of histological changes from CP
to invasive PDAC starts with development of
CP, followed by pancreatic atrophy, squamous
metaplasia, PanIN1-2 lesions, PanIN-3 lesions
(dysplasia) and invasive PDAC [5]. This transi-
tion takes about 10 years to complete and
occurs in 1.1% patients with CP [6].


http://www.ajcr.us

Nox1 facilitates PDAC progression

of activated PaSC-rich stroma [7-9]. Other find-
ings support this mechanism by showing that
the ablation of PDAC-associated fibroblasts
(CAFs), which are thought to arise mainly from
activated PaSCs [10], suppresses tumor pro-
gression [11, 12]. For instance, unlike normal
wound healing [13], in patients who have PanIN
lesions, quiescent PaSCs (a non-secretory phe-
notype) become perpetually activated (a secre-
tory phenotype) by pro-fibrotic factors released
from PanIN lesions, which result in the progres-
sion of these lesions to invasive PDAC by re-
leasing matrix metalloproteinases (MMPs) [7-9]
from activated PaSCs [14], amongst other cells
in the stroma (e.g., macrophages) [15]. Once
released, MMPs degrade two histological barri-
ers: the basal lamina (a thin layer composed of
collagen IV and laminin, amongst others), and
the interstitial extracellular matrix (ECM), facili-
tating the detachment of PanIN lesion cells
from the basal lamina and their spread [16].

One barrier to progress in preventing the tran-
sition from CP to invasive PDAC is the limited
knowledge regarding the mechanism by which
quiescent PaSCs become activated by inflam-
matory mediators releasing during CP, expand,
and synthesize the stroma and MMPs, facilitat-
ing the progression of PDAC. One of the inflam-
matory mediators of CP are reactive oxygen
species (ROS) [17]. ROS generation can occur
as a primary product of NADPH oxidase (Nox)
enzymes. The rodent genome encodes six Nox
enzymes: Nox1-4, Duox1l and Duox2 [18]. In
particular, Nox1 has participated in the devel-
opment of colon cancer [19], prostate cancer
[20], Ras oncogene transformation of human
keratinocytes [21], NIH3T3 cells [22], and nor-
mal rat kidney cells [23]. However, Nox1 par-
ticipation in the progression of PDAC is still
unknown.

We and other found that quiescent PaSCs
become activated by ROS [24-26]. Because: i)
Nox1 is expressed in PaSCs [25-27], but not in
peritoneal macrophages [26], and up-regulates
MMP-9 [26]; ii) activated PaSCs from mice
with CP express higher levels of MMP-9
than activated PaSCs from healthy mice [26],
and iii) Nox1 facilitates the invasion of Kras-
transformed rat kidney fibroblast cells through
MMP-9 [28], we hypothesized that activated
PaSCs from mice with CP display a more pro-
invasive phenotype than activated PaSCs from
healthy mice in a Nox1-depedent manner. To
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test this hypothesis, we compared the ability of
Nox1 in activated PaSCs from mice with or with-
out CP to facilitate both the migration/invasion
and the growth of pancreatic cancer cells. We
also explored the mechanisms by which Nox1
facilitates these actions by identifying proteins
in the secretome of activated PaSCs from
mice with CP whose production were Nox1-
dependent.

Materials and methods
Ethical approval

All experiments were conducted in accordance
with the National Institute of Health Guidelines
for the Care and Use of Laboratory Animals and
approved by the Augusta University Institutional
Animal Care and Use Committee (IACUC) (proto-
col #2017-0878).

Materials

Reagents

Caerulein (#C9026), protease (#P5147) were
purchased from Sigma Aldrich (St. Louis, MO),
collagenase P (11213857001), DNase | recom-
binant (04716728001), leupeptin and aprotin-
in from Roche Diagnostics (Indianapolis, IN),
bovine albumin serum fraction V (BSA) from
MP Biomedicals (Solon, OH), Iscove’s Modified
Dulbecco’s medium (IMDM) and Dulbecco’s
minimal essential medium (DMEM)/high glu-
cose from HyClone (Logan, Utah), protein deter-
mination reagent from Bio-Rad Life Science
Research (Hercules, CA), and supersignal West
Femto Chemiluminescent Substrate from Ther-
mo Fisher Scientific (Rockford, IL). We verified
the action/potency of caerulein physiologically
by measuring amylase release. We observed a
3-fold increase in amylase release at 1 x 10%°
M based on previous results in the lab using
cholecystokinin-8 [29].

Antibodies

Antibodies against the following proteins were
used: rabbit polyclonal antibodies to colla-
gen 1A1 (#84336), laminin gamma-1 (LAMC1)
(#92921), rabbit monoclonal antibodies to cal-
ponin-1 (#17819), vimentin (#5741), a-smooth
muscle actin (SMA) (#19245), thioredoxin re-
ductase 1 (TrxR1) (#15140), connective tissue
growth factor (CTGF) (#86641), protein disul-
fide-isomerase (PDI) (#3501), desmin (#5332),
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human MMP-9 (#13667), human fibronectin
(#26836), collagen 1A1 (#84336); mouse
monoclonal antibodies to o-tubulin (#3873)
were provided by Cell Signaling Technology
(Beverly, MA); mouse monoclonal antibody
against Twistl (NBP2-37364) from Novus Bio-
logicals (Centennial, CO); rabbit polyclonal anti-
body against mouse fibronectin (#AB2033)
from EMD Millipore Corp (Temecula, CA), goat
polyclonal antibody against mouse MMP-9
(#AF909) from R&D Systems (Minneapolis,
MN), rabbit polyclonal antibody against mouse
collagen IV (#2150-1470) (only used in immu-
nohistochemistry; it did not work in Western
blotting) from Bio-Rad (Hercules, CA), rabbit
polyclonal antibody against human collagen IV
(SAB4300752) from Sigma-Aldrich (St. Louis,
MO), rat monoclonal against cytokeratin 19
(TROMA-III) from Developmental Studies Hy-
bridoma Bank, mouse monoclonal antibody
against Prdxs 1,2,4 (#sc-137222), anti-mou-
se 1gG, horseradish peroxidase (HRP)-linked
(7076) and anti-rabbit 1gG, HRP-linked (7074)
from Cell Signaling Technology (Beverly, MA). A
representative immunoblot for each antibody
showed a band at the right molecular weight.
We used samples with proven presence of the
protein of interest as a positive control and
samples with proven absence of the protein of
interest as a negative control.

Cells

We maintained and cultured HPAC and MIA
PaCa-2 as recommended by American Type
Culture Collection (ATCC) and as we previously
published [30]. HPAC cells and MIA PaCa-2
cells were obtained from ATCC in 2018. The
genotypic and phenotypic characteristics of
these two pancreatic cancer cell lines can be
found in [31]. All experiments were carried out
between passages 5 and 20 after receipt. Cell
lines were authenticated at the source. Cells
were tested annually for the presence of myco-
plasma (Venor™ GeM Mycoplasma Detection
Kit, PCR-based; MP0025; Sigma).

Mice

C57BL/6 mice: C57BL/6 mice (Noxl-com-
petent or wild type) were provided by Envigo
(Indianapolis, IN).

Nox1-deficient B6.129X1-Nox1™#«7  (Nox1-
null) mice: They were from the Jackson La-
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boratory as we previously published [26]. The
development of Nox1-null mice has been previ-
ously described [32].

NSG™ mice (also known as NOD.Cg-Prkdc scid
IL2 rg tm1Wjl/SzJ): They were from the Jackson
Laboratory. NSG™ mice are most highly immu-
nodeficient mice to be used for cancer xeno-
graft modeling because these mice do not have
mature T cells, B cells, natural Killer cells, com-
plement system, defective dendritic cells, or
defective macrophages [33]. NSG™ mice were
maintained in a specific pathogen-free barrier
facility at Augusta University.

Methods
Mouse model of CP

We divided 7-8 weeks old C57BL/6 (Nox1-
competent) and NoxI1-deficient B6.129X1-
Nox1tmk”) (Nox1-null) mice into two groups.
Mice were fasted overnight and intraperitone-
ally injected with 50 ug/kg caerulein 6 times
hourly, three times per week for 7 weeks as
previously described [34] and we have previ-
ously published [26]. The control animals
received similar injections of normal saline.
We dissolved caerulein in sterile saline. We
euthanized mice 4 days following their final
caerulein injection using carbon dioxide fol-
lowed by a secondary method of euthanasia
(bilateral thoracotomy).

Isolation of PaSCs

We isolated PaSCs as previously described
[26]. We corroborated the identity of PaSCs by
the autofluorescence of vitamin A present in
cytoplasmic lipid droplets (quiescent cells) and
by the presence of a-smooth muscle actin
(xdSMA) by immunohistochemistry (IHC) (acti-
vated cells) as previously described [2, 26].
PaSCs were cultured in 24-well plates until con-
fluence, and, in some experiments, in 12-well
plates until confluence. We changed IMDM
GlutaM®™ medium every two days.

Invasion/migration

We studied cell invasion/migration using two
approaches: 1) Cytoselect™ cell invasion assay
kit, and 2) scratch wound migration assay.

Cytoselect™ invasion transwell assays: We
performed invasion transwell assays with a
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CytoSelect™ cell invasion assay kit (Cell Bio-
labs Inc. USA) as previously done in the lab
[30]. We used HPAC and MIA PaCa-2 cells
because they have different grades of diffe-
rentiation (HPAC cells are well differentiated,
whereas MIA PaCa-2 cells are poorly differenti-
ated [31]). Differences in grades of differentia-
tion can cause differences in behaviors when
they are co-cultured with PaSCs. We serum-
starved subconfluent HPAC and MIA PaCa-2
cells overnight, detached, and plated 1.0 x 10*
cells onto the transwell inserts (8.0 um pore
size; Cell Biolabs Inc. USA) in serum-free media
(the upper surface of the insert membrane was
coated with a uniform layer of dried pseudo-
model of basal membrane matrix solution that
discriminate between invasive cells from non-
invasive cells). Then, we placed the inserts in
24-well plates filled with medium containing
10% fetal bovine serum (FBS) containing dif-
ferent amount of activated PaSCs from male
Nox1-competent or male Nox1-null mice with or
without CP and allowed them to invade for 16
hours. We placed an insert with HPAC or MIA
PaCa-2 cells (1.0 x 10* cells) in a well without
PaSCs (monoculture), but filled with medium
containing 10% FBS, to consider the differenc-
es in loading between experiments. We deter-
mined the absorbance at 560 nm. We then cal-
culated the fold of increase to the absorbance
of transwells with HPAC or MIA PaCa-2 cells
without PaSCs. We estimated the total amount
of PaSCs in the wells by isolating RNA and syn-
thetizing complementary DNA (cDNA). We plot-
ted fold of increase versus the amount of
dsDNA of PaSCs. We determined the slope
(mean + SEM) using the linear regression anal-
ysis of GraphPad Prism software.

Scratch wound migration assay: We performed
scratch wound migration assay as previously
described [35]. We plated HPAC or MIA PaCa-2
cells (1.0 x 10* cells) in 6-well plates, allowed
them to adhere and grow to confluence. Then,
we created a wound using 200-ul pipette tip,
added IMDM medium without serum (without
conditioned media or CM) or 48-h CM of acti-
vated PaSCs from male Nox1-compotent mice
or male Nox1-null mice with or without CP. We
captured the images with an Olympus CK2
inverted light microscope (Olympus America,
Inc., Melville, NY) with an X4 objective lens. A
Canon digital SLR camera was connected to
the microscope. We determined the relative
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wound width (in inches) over time (the length
was measured using Photoshop and did not
represent the actual length of a 200-ul pipette
tip). We determined the rate of closure (slope *
SEM) using the linear regression analysis of
GraphPad Prism software.

Changes in the gene expression of activated
PaSCs from Nox1-competent and Nox1-null
mice with or without CP co-cultured with HPAC
or MIA PaCa-2 cells

We serum-starved subconfluent HPAC and MIA
PaCa-2 cells overnight, detached, and plated
1.0 x 10* cells onto the transwell inserts in
serum-free media. Then, we placed them in
24-well plates filled with medium containing
10% FBS and activated PaSCs from male Nox1-
competent or male Nox1-null mice with or with-
out CP and incubated for 16 hours. We deter-
mined the gene expression at mRNA level of
PaSCs as described below.

Determination of gene expression at mRNA
level

RNA isolation and RT-PCR: A small piece of
mouse pancreas (40 mg) was cut and imme-
diately placed in 1 ml of RNAlater solution
(Invitrogen by Thermo Fisher Scientific, Rock-
ford, IL) as previously described [26]. Total RNA
was isolated from mouse pancreas using Trizol
and RNeasy® Mini kit (Qiagen, Inc. USA, Va-
lencia, CA). Total RNA from PaSCs was isolated
using RNeasy® Mini kit as previously described
[26]. First-strand complementary DNA was syn-
thesized with TagMan Reverse Transcription
Reagents (Thermo Fisher Scientific, Waltham,
MA). Four ug of cDNA was used in each regular
PCR reaction. Amplification was done with Taq
DNA polymerase from Expand High Fidelity
Enzyme System (Roche Diagnostics, Indiana-
polis, IN). The PCR primers were listed in Table
1. The efficiency of the primers was checked
beforehand by using control DNA provided by
GeneCopoeia, Inc.

Real-time quantitative PCR: The relative ex-
pression of genes in PaSCs from Nox1-com-
potent mice or Nox1-null mice with or without
CP was evaluated by real-time quantitative
PCR analysis using Absolute Blue SYBR Green
ROX mix (Thermo Fisher Scientific) and a real-
time quantitative PCR machine (LightCycler 96
system, Roche) as previously described [26].
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Table 1. Primers used for analysis of mRNA expression using regular PCR and real-time quantitative PCR

Gene (specie: mus musculus) Forward Primer (5’ to 3’) Reverse Primer (5’ to 3’) Aﬁfﬁ:ig‘ PCRs?;ZdUCt
NADPH oxidase 1 GTTTCTCTCCCGAAGGACCTC TTCAGCCCCAACCAGGAAAC NM_172203.2 136 bp
thioredoxin reductase 1 (TXNRD1) GTCACACCGACTCCTCTTGG AGTTGCGCGAGTCTTTCAGA AB027565.1 127 bp
Calponin-1 (CNN1) CCTACGGCTTGTCTGCTGAA  CTGTCACCCCCTCAATCCAC NM_009922.4 96 bp
Connective tissue growth factor (CTGF) (CCN2) AGAACTGTGTACGGAGCGTG GTGCACCATCTTTGGCAGTG NM_010217.2 110 bp
transglutaminase 2 (TGM2) AGAGTGTCGTCTCCTGCTCT  GTAGGGATCCAGGGTCAGGT NM_009373.3 100 bp
heat shock protein 4 (HSPA4) TCAGAGCTGCTATGTCGCTG ~ CAGCGGTCGCTATACTCGTT NM_008300.3 72 bp
insulin-like growth factor binding protein 2 (IGFBP2) CACTACCGTTGCCCACAAGC CAGCAGCAAGAGCAACGACG BC054473.1 87 bp
Peroxiredoxin 1 CACCCAAGAAACAAGGAGGA AAAAAGGCCCCTGAAAGAGA NM_011034.4 125 bp
Peroxiredoxin 2 GGTGCCTTCAAGGAAATCAA  GCCTAGCTTTCGGAAGTCCT BC086783.1 141 bp
Peroxiredoxin 3 TCGTCAAGCACCTGAGTGTC  GACTTCTCCATGGGTCTCCA NM_007452.2 104 bp
Peroxiredoxin 4 AGTGCCACTTCTACGCTGGT  TTGGAGATCTTGGCTTTGCT BC019578.1 100 bp
Peroxiredoxin 5 ACCGGGAAAGAAGGTGAACT GGCAGGTGGGTCTTAGAACA AF110733.1 105 bp
Peroxiredoxin 6 CCTGGAGCAAGGACATCAAT  CCAAAATGAACACCACACG NM_007453.4 171 bp
collagen, type |, alpha 1 (Collal) ACGTGGAAACCCGAGGTATG GGGTCCCTCGACTCCTACAT NM_007742.4 183 bp
Collagen 1V, alpha 1 (Col4al) AGATTCCGCAGTGCCCTAAC CGATGAATGGGGCGCTTCTA NM_009931.2 147 bp
Fibronectin CCAAGACCATACCTGCCGAA AGGCCCGGAACATGAGGATA NM_010233.2 98 bp
Laminin subunit gamma-1 (Lamc1) AGCCGACTGCAGAATATCCG CCCTGGAGGCGATCTCAATC NM_010683.2 109 bp
Interleukin-6 (IL-6) GAGTCACAGAAGGAGTGGCT AACGCACTAGGTTTGCCGA NM_031168.2 108 bp
a-smooth muscle actin TGACTCACAACGTGCCTATC  CTCGGCAGTAGTCACGAAGG NM_007392.3 140 bp
Matrix metalloproteinase 9 (MMP-9) TCAAAGGCCTCAAGTGGGAC TCATCGATCATGTCTCGCGG NM_013599.4 85 bp
Genes mediating EMT

Twist basic helix-loop-helix transcription factor 1 (twistl) [26] ATTCAGACCCTCAAACTGGCG TCTTGGAGTCCAGCTCGTCG NM_011658.2 79 bp

Snail family zinc finger 1 (Snail) [26] ACCTCCAAACCCACTCGGAT  GACATGCGGGAGAAGGTTCG NM_011427.3 69 bp
Housekeeping gene

18S rRNA [26] GTAACCCGTTGAACCCCATT  CCATCCAATCGGTAGTAGCG NR_003278.3 150 bp

Primers were designed with NIH primer blast (https://www.ncbi.nIm.nih.gov/tools/primer-blast) based on genes sequences obtained from the Gen Bank NCBI sequence Viewer.
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Two ug of cDNA was used in each reaction. The
PCR primers were listed in Table 1. Results
from real-time quantitative PCR were evaluat-
ed using the 224 method as previously de-
scribed [36]. 18S rRNA was used as a refer-
ence. We verified the amplification efficiency of
each primer by making dilution series from
mouse pancreas and analyzing the slope of the
calibration curve for each primer using qPCR as
previously described [30]. We only used prim-
ers showing efficiencies between 90 and 100%
(-3.6= slope =3.3).

Determination of gene expression at protein
level

Western blotting analysis was carried out as
previously described [26, 30]. Immunodetec-
tion of proteins was carried out using sodium
dodecyl sulfate (SDS)-polyacrylamide gel. Pro-
teins in the gel were transferred to a nitrocellu-
lose membrane (Bio-Rad Laboratories, Inc.).
The membrane was blocked in 5% nonfat milk
dissolved in Tris-buffered saline containing
0.1% (v/v) Tween X-20 (TBST) for 1 h at room
temperature. Corresponding primary antibod-
ies were diluted 1:1000 in 5% bovine serum
albumin (BSA), and the membrane was incu-
bated with the antibody overnight at 4°C fol-
lowed by treatment with a HRP-conjugated sec-
ondary antibody (1:5000 in 5% nonfat milk) for
1 h at room temperature. After washing with
TBST, peroxidase activity was visualized using
the SuperSignal West Femto sensitivity sub-
strate kit (Thermo Fisher Scientific, Waltham,
MA). Images were taken using Foto/Analyst
Luminary FX Imaging Workstation (Fotodyne
Incorporated, Hartland, WI). Quantification: The
quantitative analysis was performed using
density analysis software from TotalLab Quant
TL100 (Newcastle upon Tyne, UK). The density
of each band was measured and the result was
normalized to its loading control (e.g., tubulin)
by dividing the integrated density volume (IDV)
by the IDV of loading control to account for dif-
ferences in loaded amounts.

MIA PaCa-2 cells and PaSCs co-transplanta-
tion

To evaluate the effect of Nox1 in activated
PaSCs from mice with CP on tumor growth in
vivo, we anesthetized NSG™ mice with isoflu-
rane, and made a small abdominal incision in
the left flank and located the distal pancreas
with sterile gauze. We injected into the distal
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pancreas of NSG™ mouse using a sterile insu-
lin syringe (Monoject 1 ml permanent needle;
28Gx1/2) a mixture (50 ul in IMDM) of MIA
PaCa-2 cells (1 x 10%) with or without activated
PaSCs (5 x 10% from NoxI-competent mice
with CP or activated PaSCs (5 x 104) from Nox1-
null mice with CP (1:5 tumor cells-to-stromal
cells ratio). We used this ratio because, in
cases in which an intense desmoplastic reac-
tion is present, PaSCs in the stromal compart-
ment greatly outnumbers the amount of neo-
plastic epithelial cells present in the tumor [7].
As a control, we injected activated PaSCs (5 x
10* cells/50 ul) from either Nox1-competent
mice with CP or Nox1-null mice with CP alone or
MIA PaCa-2 cells (1 x 10%) alone to the distal
pancreas of NSG™ mice. We closed the muscle
and skin incisions separately: we closed the
muscle layer with sutures and the skin layer
with wound clips using the Autoclip Physicians
Kit (Dickinson Primary Care Diagnostics Inc.).
We removed the wound clips 7 days after sur-
gery. Mice were housed in a Biosafety Level 2
(BSL-2) facility. We euthanized mice 6 weeks
post-surgery to assess tumor size.

Pancreas weight/body weight (PW/BW) ratio

The body and pancreas weights were recorded
when harvested and reported as PW/BW ratio.

Histology

Pancreatic tissue was fixed with 10% formalin
and embedded in paraffin as previously de-
scribed [26, 37]. Hematoxylin and eosin (H&E)
staining was performed at the Augusta Uni-
versity Histology Core. Images were captured
with an Olympus BX43 Bright field microscope
and a Zeiss Axiovert 200 Inverted Fluorescen-
ce Phase Contrast Microscope. Quantification:
The area of each tumor (the number of pixels
quantified in the image were converted to um?)
was blinded measured using density analysis
software from TotalLab Quant TL100 (analysis
toolbox) (Newcastle upon Tyne, UK).

Immunohistochemistry (IHC

IHC for mouse collagen IV in whole pancreas:
Positive cells were visualized using 3,3-diami-
nobenzidine tetrahydrochloride (DAB) as a ch-
romogen (color: brown) as previously described
[26]. Briefly, slides were incubated first with
blocking buffer (3% BSA in PBS with 0.05%
Tween-20) for 1 hour at room temperature and
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then with antibody against mouse collagen IV
overnight at 4°C. Slides were washed with PBS
with 0.05% Tween-20 and incubated with HRP-
labeled secondary antibody for 30 min. After
washing, the DAB solution was added to the
slides, incubated for 10 min, and then washed
again. The slides were mounted and a coverslip
was added to the section. Images were cap-
tured with an Olympus BX43 Bright field mi-
croscope and a Zeiss Axiovert 200 Inverted
Fluorescence Phase Contrast Microscope.

IHC for collagen | and Ill in whole pancreas
(Masson’s trichrome staining): Slides were
deparaffinized and hydrated with distilled wa-
ter, then placed in Bouin’s solution for 1 hour at
56°C, washed in running tap water for 3-5 min,
stained in Weigert's iron hematoxylin working
solution, rinsed in running tap water for 5 min,
stained in Biebrich scarlet-acid fuchsin solution
for 5 min, washed in distilled water for 30 secs,
differentiated in phosphomolybdic-phospho-
tungstic acid solution for 5 min, transferred
directly (without rinse) to aniline blue solution
and stained for 10 min. Slides were placed in
1% acetic acid solution for 1 min, washed in
distilled water for 30 secs, dehydrated through
2 changes of anhydrous alcohol, for 1 min,
cleared in 3 changes of xylene for 1 min each
and mounted with resinous mounting medium.
Images were captured with an Olympus BX43
Bright field microscope and a Zeiss Axiovert
200 Inverted Fluorescence Phase Contrast
Microscope.

Quantification: The intensity score (IS) was
blinded evaluated by comparing the staining of
collagens in the surrounding stroma and grad-
ed O for no staining (completely negative or
extremely faint), 1 for evident staining (definite-
ly positive, but weaker than that in basement
membrane) and 2 for staining stronger than 1
(similar than that in basement membrane). The
proportional score was graded O for staining in
<5% of area, 1 for staining in 25%, but <30% of
area, 2 for staining in 230% of the area, but
<70% of area, and 3 for staining in 270% of
area. The final score (FS) was calculated and
graded as IS x PS as previously described [38].

Liquid chromatography with tandem mass
spectrometry (LC-MS/MS) analysis

We isolated PaSCs from mice with CP as previ-
ously described [26], placed them in the wells
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of a 24-well plate and cultured them in a serum-
free IMDM medium because FBS interferes
with the mass spectroscopy analysis. After 48
h, we collected the serum-free CM, centrifuged
at 1000 rpm for 5 min and stored the superna-
tants at -80°C. We used serum-free IMDM
medium as a negative control. Digested pep-
tide samples were analyzed on an Orbitrap
Fusion tribrid mass spectrometer (Thermo
Scientific), to which an Ultimate 3000 nano-
UPLC system (Thermo Scientific, Waltham, MA)
was connected at the upfront. Two microliters
of peptide sample was first trapped on a
Pepmapl100 C18 peptide trap (5 um, 0.3 x 5
mm, Thermo Scientific, Waltham, MA) and then
washed at 20 ul/min using 2% acetonitrile with
0.1% formic acid for 10 minutes. Next, the
cleaned peptides were washed off the trap and
further separated on a Pepman 100 RSLC C18
column (2.0 um, 75-um x 150-mm, Thermo
Scientific, Waltham, MA) at 40°C using a gradi-
ent of between 2% to 40% acetonitrile with
0.1% formic acid over 100 min at a flow rate of
300 nl/min. LC-MS/MS analyses were per-
formed using data-dependent acquisition in
positive mode with the Orbitrap MS analyzer for
precursor scans at 120,000 FWHM from 300
to 1500 m/z and the ion-trap MS analyzer for
MS/MS scans at top-speed mode (3-second
cycle time). Collision-induced dissociation
method was used to fragment the precursor
peptides with a normalized energy level of 30%.
Raw MS and MS/MS spectrum for each sample
were filtered and processed using the Proteome
Discoverer software (v1.4, Thermo Scientific,
Waltham, MA) and then submitted to SequestHT
search algorithm against the Uniprot human
database (10 ppm precursor ion mass toler-
ance: 10 ppm, product ion mass tolerance: 0.6
Da, static Carbamidomethylation of +57.021
Da). Perculator peptide spectrum matching
(PSM) validator algorithm was used for peptide
spectrum matching validation and false discov-
ery rate estimation. Proteins whose subcellular
location is extracellular matrix/extracellular
space/basement membrane/basal lamina
and/or secreted proteins were studied. Using
normalized spectral counts (label-free quantifi-
cation) assigned to statistically significant,
Nox1-competent/Nox1-null mice predominant
ratios were computed to highlight the predomi-
nance in CM of activated PaSCs from Nox1-
competent mice with CP. We focused on pro-
teins that were at least 2.5-fold more abundant
in CM of PaSCs from Nox1-competent mice
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with CP (cut off: 2.5-fold change) and their stan-
dard error of the mean (SEM) were lower than
10% of fold change (mean).

Statistical analysis

Results were expressed as mean + SEM. We
analyzed data using one-way repeated mea-
sures analysis of variance (ANOVA) followed by
Student-Newman-Keuls post hoc tests for com-
parisons between multiple groups or unpaired
t-test for comparisons between two unrelated/
independent groups using Instat Graphpad
software (La Jolla, CA). P<0.05 was consider-
ed to be the minimal level of statistical signi-
ficance.

Results
In vitro studies

Nox1 in activated PaSCs from mice with CP
facilitates the invasion of HPAC and MIA PaCa-
2 cells

Cell invasion assay (basal lamina): We co-cul-
tured activated PaSCs with HPAC or MIA PaCa-
2 cells. In the presence of an increasing num-
ber of activated PaSCs from male Nox1-
competent (wild type or WT) mice with CP
(CP-activated PaSCs), the invasion of MIA PaCa-
2 and HPAC cells increased, while the lack of
Nox1l in PaSCs reduced the effect (Figure
1A-D). In the presence of activated PaSCs from
either male healthy Nox1-competent or Nox1-
null mice (the activation of these cells occurs
by the treatment of a culture dish and takes 48
h [2]), no significant increase in cell invasion
was observed (Figure 1A-D).

The co-culture of activated PaSCs from mice
with CP and pancreatic cancer cell lines incre-
ases the expression of MMP-9 and Twistl via
Nox1. As we previously found [26], the induc-
tion of CP increased the expression of MMP-9
and the transcriptional repressor of E-cadherin
Twistl in activated PaSCs from male Nox1-
competent mice with CP, and the lack of Nox1
reduced these effects (Figures 1E and 3). We
found that the presence of HPAC and Mia-
PaCa-2 cells strengthens the ability of activat-
ed PaSCs from mice with CP to up-regulate
Twistl and MMP-9. The lack of Nox1 in activat-
ed PaSCs reduced that effect (Figure 1E). No
changes were observed in mRNA level of tran-
scription factor Snail as previously shown [26].
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Scratch wound migration assay: In the pres-
ence of CM of activated PaSCs from male Nox1-
competent mice with CP, the wound closed
faster than in the presence of IMDM (control
media) or CM of activated PaSCs from male
healthy NoxI1-competent mice (Figure 2A-D).
The lack of Nox1 in activated PaSCs impaired
the effect (Figure 2A-D).

The genetic deletion of Nox1 in activated
PaSCs from mice with CP causes changes in
their gene expression

The induction of CP increases aSMA, but not
IL-6, in activated PaSCs: Using qPCR, we found
that activated PaSCs from mice with CP dis-
played higher mRNA level of aSMA than acti-
vated PaSCs from healthy mice, without affect-
ing the mRNA level of IL-6 (Figure 3). The lack of
Nox1 did not alter CP-induced aSMA expres-
sion (Figure 3).

The deletion of Nox1 alters the expression of
histological barrier proteins: Using qPCR, we
found that the induction of CP increased the
expression of fibronectin and, to a lesser
extent, collagen | in activated PaSCs from male
and female Nox1-competent mice (Figure 3).
Both LAMC1 and Collagen IV were still being
produced by activated PaSCs even during
CP-induced healing process (Figure 3). The
genetic deletion of Nox1 in activated PaSCs
from mice with CP reduced the expression of
genes (Figure 3).

In vivo studies

Nox1 in activated PaSCs from mice with CP

facilitates the tumor growth and the stromal

expansion in an orthotopic xenograft model of
PDAC

Because activated PaSCs from healthy mice
did not facilitate the migration/invasion of HP-
AC and MIA PaCa-2 cells to the same extent as
activated PaSCs from mice with CP, we then
tested the ability of Nox1 in activated PaSCs
from mice with CP to facilitate the growth of
pancreatic cancer cells in an orthotopic xeno-
graft model of PDAC. For that, we injected MIA
PaCa-2 cells, but not HPAC cells, because MIA
PaCa-2 cells are more tumorigenic than HPAC
cells [31].

The main source of Nox1 in this model was
activated PaSCs because, using reverse tran-
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Figure 1. Nox1 in activated PaSCs from mice with CP facilitates the invasion of HPAC and MIA PaCa-2 cells. Above:
We performed invasion transwell assays with a CytoSelect™ cell invasion assay kit (Cell Biolabs Inc. USA) as previ-
ously done in the lab [30] using HPAC (A) and MIA PaCa-2 (B) cells. We determined the absorbance at 560 nm and
calculated the fold to the absorbance of transwells with pancreatic cancer cell lines without PaSCs. Using the linear
regression analysis of GraphPad Prism software, we determined the slope (mean + SEM). Below: Representative
images of inserts showing invasive HPAC (C) or MIA PaCa-2 (D) cells. Images were taken with an Olympus CK2 in-
verted light microscope (Olympus America, Inc., Melville, NY) with an X4 objective lens. A Canon digital SLR camera
was connected to the microscope. Statistical Analysis: One-way ANOVA followed by Student-Newman-Keuls post hoc
performed by Instat Graphpad software (La Jolla, CA). *: P<0.05 and ***: P<0.001 versus activated PaSCs from
Nox1-null mice without CP (healthy mice). n: HPAC cells: independent activated PaSCs from male WT mice with CP:
8 mice; independent activated PaSCs from male Nox1-null mice with CP: 7 mice; independent activated PaSCs from
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healthy male WT mice: 7 mice; independent activated PaSCs from healthy male Nox1-null mice: 7 mice. MIA PaCa-2
cells: independent activated PaSCs from male WT mice with CP: 14 mice; independent activated PaSCs from male
Nox1-null mice with CP: 13 mice; independent activated PaSCs from healthy male WT mice: 13 mice; independent
activated PaSCs from healthy male Nox1-null mice: 13 mice. (E) Changes in the gene expression of activated PaSCs
from Nox1-competent and Nox1-null mice co-cultured +/- HPAC and MIA PaCa-2 cells. Data were expressed as fold
change in gene expression relative to male WT mice (mean + SEM). 18s rRNA was used as a reference. Statistical
Analysis: Two-way ANOVA followed by Student-Newman-Keuls post hoc was performed by Instat Graphpad software
(La Jolla, CA). **: P<0.01 and ***: P<0.001 vs WT mice; t1: P<0.01, and t3t: P<0.001 vs WT mice with CP
without cancer cells. T11: P<0.001 vs Nox1-null mice with CP without cancer cells. n: MMP-9: 7 mice each group;

Twist1: 6 mice each group; Snaill: 5 mice each group. WT: Nox1-competent mice.

scription (RT)-PCR, we found that Nox1 is not
expressed in MIA PaCa-2 cells (Figure 4A),
while it is expressed in PaSCs [25-27]. The
expression of Nox1 was also evaluated in other
two pancreatic cancer cells, HPAC and PANC1.
None of those cells expressed Nox1 (Figure
4A).

Tumor growth: We observed a significant in-
creased tumor growth (shown as pancreas
weight/body weight (PW/BW) ratio) in the pan-
creas of male NSG™ mice co-injected with MIA
PaCa-2 and activated PaSCs from male Nox1-
competent mice with CP. We did not see tumor
growth in the pancreas of NSG™ mice co-inject-
ed with MIA PaCa-2 and activated PaSCs from
male NoxI-null mice with CP (Figure 4B). No
tumors developed when NSG™ mice were in-
jected with activated PaSCs from male Nox1-
competent mice with CP into the pancreas
alone (Figure 4B).

Fibronectin, collagen IA, aSMA and vimentin:
We observed an expansion of the stromal com-
partment when activated PaSCs from male
Nox1-competent mice with CP were co-injected
with MIA PaCa-2 cells by studying fibronectin,
collagen IA, aSMA and vimentin using qPCR
(Figure 4C) and Western blotting (Figure 4D).
The stromal expansion was absent when MIA
PaCa-2 cells and activated PaSCs from male
Nox1-null mice with CP were co-injected (Figure
4C and 4D). No changes in the expression of
studied genes were observed when male NSG™
mice were injected with activated PaSCs from
male Noxl-competent mice with CP into the
pancreas alone (Figure 4C).

Desmin and Keratin 19: Unlike the intermedi-
ate filament vimentin, the intermediate fila-
ments desmin and keratin 19 decreased in the
pancreas of male NSG™ mice co-injected with
MIA PaCa-2 and activated PaSCs from male
Nox1-competent mice with CP (Figure 4D). To
test whether the lower levels of both desmin
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and keratin 19 in the pancreas of those mice
was due to a higher MIA PaCa-2 cell population,
we determined the presence of desmin and
keratin 19 in MIA PaCa-2 cells and in other two
pancreatic cancer cell lines: HPAC and PANC-1.
Because MIA PaCa-2 cells do not express either
keratin-19 or desmin (Figure 4E), we concluded
that Nox1 in activated PaSCs from mice with CP
contributed to a higher MIA PaCa-2 cell popula-
tion (a bigger tumor formation) in an orthotopic
xenograft model of PDAC.

Collagen IVand LAMC1: Collagen IV and LAMC1
at mRNA and protein levels increased in pan-
creas from male NSG™ mice co-injected with
MIA PaCa-2 cells and activated PaSCs from
male Nox1-competent mice with CP (Figure 4C
and 4D). The absence of Nox1 in activated
PaSCs co-injected with MIA PaCa-2 cells into
the pancreas of NSG™ mice prevented the up-
regulation. No changes in the expression of
collagen IV and LAMC1 were observed when
male NSG™ mice were injected with PaSCs
from male Nox1-competent mice with CP into
the pancreas alone (Figure 4C and 4D).

IL-6 and Twistl: Using qPCR (Figure 4C), we
found that both IL-6 and Twistl at mRNA level
were up-regulated in the pancreas from male
NSG™ mice injected with MIA PaCa-2 cells
alone compared to male NSG™ control mice.
The co-injection of MIA PaCa-2 cells and acti-
vated PaSCs from male Nox1-competent mice
with CP into the pancreas of NSG™ mice in-
creased even more the expression of IL-6 and
Twistl. The lack of Nox1 in activated PaSCs
reduced the expression of studied genes. No
changes in the expression of studied genes
were observed when NSG™ mice were injected
with PaSCs from Nox1-competent mice with CP
into the pancreas alone (Figure 4C).

MMP-9: MMP-9 at mRNA and protein levels
increased in the pancreas of male NSG™ mice
when activated PaSCs from male Nox1-com-
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Figure 2. Nox1 in activated PaSCs from mice with CP facilitates the migration of HPAC and MIA PaCa-2 cells. We
plated HPAC (A) or MIA PaCa-2 (B) cells (1.0 x 10* cells), allowed them to adhere and grow to confluence. Then,
we created a wound using 200-ul pipette tip, added IMDM medium with 10% FBS (without conditioned media),
24-h conditioned media (CM) of activated PaSCs from male Nox1-compotent (WT) mice or male Nox1-null mice
with or without CP. We determined the relative wound width (in inches) over time (the length was measured using
Photoshop). Using the linear regression analysis of GraphPad Prism software, we determined the rate of closure
(slope + SEM). (C and D) Representative images were taken (C: HPAC cells; D: MIA PaCa-2 cells). We captured the
images with an Olympus CK2 inverted light microscope (Olympus America, Inc., Melville, NY) with an X4 objective
lens. A Canon digital SLR camera was connected to the microscope. Statistical Analysis: One-way ANOVA followed by
Student-Newman-Keuls post hoc performed by Instat Graphpad software (La Jolla, CA). ***: P<0.001 versus HPAC
or MIA PaCa-2 cells without CM (IMDM medium with 10% FBS). n: HPAC cells: control (without conditioned media):
6 independent experiments; independent activated PaSCs from male WT mice with CP: 6 mice; independent acti-
vated PaSCs from male Nox1-null mice with CP: 7 mice; independent activated PaSCs from healthy male WT mice:
5 mice; independent activated PaSCs from healthy male Nox1-null mice: 5 mice; MIA PaCa-2 cells: control (without
conditioned media): 5 independent experiments; independent activated PaSCs from male WT mice with CP: 5 mice;
independent activated PaSCs from male Nox1-null mice with CP: 5 mice; independent activated PaSCs from healthy

male WT mice: 5 mice; independent activated PaSCs from healthy male Nox1-null mice: 5 mice.

petent mice with CP were co-injected with MIA
PaCa-2 cells. MMP-9 lowered in the pancreas
of NSG™ mice co-injected with activated PaSCs
from male NoxI-null mice with CP and MIA
PaCa-2 cells (Figure 4C and 4D).

Hematoxylin and eosin (H&E) and Masson'’s tri-
chrome staining: Based on the histopathologic
analysis, the invasive malignant focuses in all
of these tissues were poorly differentiated, had
a very prominent rhabdoid morphology (eccen-
tric, eosinophilic cytoplasm) and did not show
abundant desmoplastic stroma. The tumor in
the pancreas co-injected with MIA PaCa-2 cells
and activated PaSCs from male Nox1-compe-
tent mice with CP had the most infiltrative
appearance at the borders, while the others
have more circumscribed borders (Figure 5A:
H&E, Figure 5B: Masson’s trichrome).

Mouse fibroblasts are the sources of collagen
IV in the orthotopic xenograft model of PDAC

To determine the source of mouse collagen IV
in the orthotopic xenograft model of PDAC, we
carried out IHC using a mouse collagen IV anti-
body. We found that in the pancreas from male
NSG™ mice (control), mouse collagen IV was
present in the basement membrane around
acini (a strong periacinar staining) and around
blood vessels (a strong perivascular staining).
When we transplanted MIA PaCa-2 cells into
the pancreas of male NSG™ mice, collagen IV
was present around blood vessels (strong peri-
vascular staining) and fibroblasts (a weak stain-
ing). The co-injection with MIA PaCa-2 cells and
activated PaSCs from male NoxI-competent
mice with CP increased even more the staining
of collagen IV due to a higher number of blood
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vessels and fibroblasts. The co-injection with
MIA PaCa-2 cells and activated PaSCs from
male Nox1-null mice with CP displayed an im-
munostaining similar to control mice (i.e., peri-
acinar and perivascular staining) (Figure 5C).

Proteomic studies

Using mass spectrometry, we further discov-
ered proteins in the secretome of activated
PaSCs from mice with CP, whose production
was Nox1-dependent. We did not analyze the
secretome of activated PaSCs from healthy
mice because they were not as pro-invasive as
those cells from mice with CP.

Overall, a total of 104 proteins were identified
in the CM across the ten samples (5 CM of
PaSCs from male Nox1-competent mice with
CP, 5 CM of PaSCs from male Nox1-null mice
with CP) and analyzed. After normalizing the
protein abundances and calculating the Nox1-
competent mice and NoxI1-null mice ratios, a
total of 11 proteins had a ratio greater than 2.5
(Table 2). The mass spectrometry proteomics
data have been deposited to the Proteo-
meXchange Consortium via the PRIDE partner
repository [39] with the dataset identifier
PXD034177.

Nox1 in activated PaSCs from mice with CP
induces the production of a number of chaper-
ones protecting cancer cells from endoplasmic
reticulum (ER) stress

Including Heat shock 70 kDa protein 4 (gene:
Hspa4; fold change: 12.13+0.99), Heat shock
cognate 71 kDa protein (gene: Hspa$8; fold
change: 4.02+0.41), Heat shock protein HSP
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Figure 3. The absence of Nox1 reduces a number of PaSC-produced proteins following induction of CP. Data were expressed as fold change in gene expression
relative to PaSCs from Nox1-compentent healthy mice (male or female) (mean £ SEM). 18S rRNA was used as a reference. Statistical Analysis: One-way ANOVA fol-
lowed by Student-Newman-Keuls post hoc performed by Instat Graphpad software (La Jolla, CA). ***: P<0.001 vs WT mice; T11: P<0.001 vs WT mice with CP. n:
as indicated in the figure. WT: Nox1-competent mice.
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Figure 4. A. Nox1 is not expressed in pancreatic cancer cell lines HPAC, MIA Paca-2 and PANC1. We isolated total
RNA from pancreatic cancer cell lines using RNeasy® Mini kit, synthesized first-strand complementary DNA with
TagMan RT-PCR kit, used one ug of complementary DNA in each PCR reaction and conducted amplification with Taq
DNA polymerase from Expand High Fidelity Enzyme Mix kit using specific primers (human Nox1: Forward: 5’-TCA TCC
TCG CAA GTG TGC AGA GTC-3’ and Reverse: 5’-ACT TCC ATG CTG AAG CCA CGC T-3’; human actin: forward: 5’CCCAG-
CACAATGAAGATCAA3’; reverse: 5’ACATCTGCTGGAAGGTGGAC3’). PCR products yielded bands of the expected size
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(human Nox1: 248 bp and human actin: 103 bp). We used human DNA mix from GeneCopoeia™ as positive con-
trols. Results were representative of 3 independent experiments. B. The lack of Nox1 in activated PaSCs with CP
reduces the tumor growth in an orthotopic nude mouse model of pancreatic cancer. The pancreas of NSG™ mice
was co-injected with MIA PaCa-2 cells (6-6.5 x 10%) and activated PaSCs from Nox1-competent mice or Nox1-null
mice with CP (40-60 x 10%). At week 6, mice were euthanized and pancreas weight/body weight (PW/BW) ratio was
determined. Statistical Analysis: One-way ANOVA followed by Student-Newman-Keuls post hoc performed by Instat
Graphpad software (La Jolla, CA). ***: P<0.001 versus NSG™ mice without transplantation of MIA PaCa-2 or acti-
vated PaSCs with CP. n: 5 independent male mice. C. Changes in gene expression in the whole pancreas from an
orthotopic xenograft model of PDAC. Data were expressed as fold change in gene expression relative to male NSG
mice (mean £ SEM). 18S rRNA was used as a reference. Statistical Analysis: Two-way ANOVA followed by Student-
Newman-Keuls post hoc was performed by Instat Graphpad software (La Jolla, CA). *: P<0.05 and ***: P<0.001 vs
NSG mice; t1: P<0.01, and t11: P<0.001 vs NSG™ mice + MIA PaCa-2 cells + activated PaSCs from WT mice with
CP. n: 5 independent male mice. D. The lack of Nox1 in activated PaSCs reduces stromal expansion in an orthotopic
nude mouse model of pancreatic cancer. We lysed pancreatic tissues using a lysis buffer. We separated the proteins
on polyacrylamide gels and transferred them to a nitrocellulose membrane. We visualized immunocomplexes with
the Super Signal West Femto substrate kit. Representative immunoblots for mouse fibronectin (300 kDa), collagen
IA (220 kDa), collagen IV (200 kDa), LAMC1 (220-250 kDa), aSMA (42 kDa), vimentin (57 kDa), desmin (53 kDa),
MMP-9 (92 kDa), keratin 19 (TROMAIII) (44.5 kDa) were shown. n: 3 independent male mice. E. Either keratin 19
or desmin is not present in MIA PaCa-2 cells. Cell lysates of well-differentiated HPAC cells and two undifferentiated
cell lines MiaPaca-2 and PANC-1 were prepared, and Western blotting analysis was carried out. Representative im-
munoblots for human collagen IV (200 kDa), LAMC1 (220-250 kDa), keratin 19 (TROMAIII) (44.5 kDa) and desmin
(53 kDa) were shown. Higher levels of LAMC1 and keratin 19 were found in HPAC cells, while keratin 19 and desmin
were absent in MIA PaCa-2 cells. A pancreatic tissue lysate from NSG™ mice + MIA PaCa-2 cells was used as a posi-
tive control of desmin. a-tubulin (52 kDa) was used as a loading control. n: 4 independent experiments.

90-alpha (gene: Hsp90aal; fold change: ii) Protein-glutamine gamma-glutamyltransfer-

3.22+0.15), and Protein disulfide-isomerase
A6 (gene: Pdia6; fold change: 2.28+0.11)
(Table 2). Heat shock 70 kDa protein 4 (HSPA4)
abundance in activated PaSCs from NoxI1-
competent mice with CP was confirmed by
gPCR (Figure 6A). PDI abundance in activated
PaSCs from Nox1-competent mice with CP was
validated by Western blotting (Figure 6B).

Nox1 in activated PaSCs from mice with CP
induces the production of several proteins par-
ticipating in wound healing

In addition to proteins already mentioned
(Figures 1E, 3, 4C and 4D), we found that Nox1
in activated PaSCs from mice with CP induces
the production of other proteins participating in
wound healing as follows:

i) Connective tissue growth factor (CTGF) (gene:
Ctgf), also known as CCN2, which is a member
of the CCN family and produced by activated
PaSCs [40]. We previously found that Nox1l
induces the expression of transforming growth
factor (TGF)-B and MMP-9 in activated PaSCs
with CP [26]. Because CTGF/CCN2 acts down-
stream of TGF-B [41] and up-regulates MMP-9
in rat activated PaSCs [42], it was expected
that Nox1 caused an up-regulation of CTGF/
CCN2 in activated PaSCs from mice with CP
(fold change: 4.83+0.41) (Table 2). This find-
ing was confirmed by qPCR (Figure 6A) and
Western blotting (Figure 6B).
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ase 2 (TGM2) (Gene: Tgm2) is a calcium-depen-
dent acyltransferase that catalyzes the forma-
tion of covalent bonds between peptide-bound
glutamine and various primary amines, thereby
producing cross-linked or aminated proteins in
the extracellular compartment [43]. Based on
the mass spectrometry, Nox1 induced the
expression of TGM2 in activated PaSCs from
mice with CP (fold change: 4.70+0.19) (Table
2). This finding was confirmed by qPCR (Figure
6A).

iii) Insulin-like growth factor-binding protein 2
(IGFBP2) (gene: Igfbp2). IGF can bind to both
their receptors, IGFRs, and IGFBPs. When IGFs
bind to IGFBPs, IGFBPs prolong the half-life of
IGFs, and facilitate their distribution to target
tissues. However, when IGFBPs are up-regulat-
ed, IGFBPs inhibit the interaction of IGFs with
their receptors, and consequently, the intracel-
lular IGF signaling [44]. There are seven dis-
tinct types of IGFBPs (IGFBP1 through IGFBP7).
Based on the mass spectrometry, we found
IGFBP2, IGFBP6 and IGFBP7 in the CM of acti-
vated PaSCs from NoxI1-competent mice with
CP. In particular, Nox1 induced the production
of IGFBP2 in activated PaSCs from mice with
CP (4.2240.39) (Table 2). This finding was con-
firmed by qPCR (Figure 6A).

Other proteins involving in wound healing and
regulating by Nox1 are listed in Table 2. The
level of periostin slightly increased in activated
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Figure 5. A. H&E staining: Representative H&E stained sections showed that the invasive malignant focuses in all
of these tissues were poorly differentiated, had a very prominent rhabdoid morphology. The tumor in the pancreas
co-injected with MIA PaCa-2 cells and activated PaSCs (aPaSCs) from Nox1-compentent mice with CP had the
most infiltrative appearance at the borders, while the others had more circumscribed borders. Quantitative analysis
showed the area (um?) of the invasive malignant focuses. Statistical Analysis: One-way ANOVA followed by Student-
Newman-Keuls post hoc performed by Instat Graphpad software (La Jolla, CA). *: P<0.05 vs male NSG™ mice +
MIA PaCa-2 cells. n: 5 independent mice. B. Masson’s Trichrome staining: pancreas: Representative Masson’s Tri-
chrome stained sections show that the invasive malignant focuses did not display abundant desmoplastic stroma.
Total magnification: 40 x (left) and 400 x (right). n: 5 independent mice. Quantitative analysis showed the final
score. C. Mouse fibroblasts are the sources of Collagen IV in the orthotopic xenograft model of PDAC. Pancreatic
tissues were fixed with 10% formalin and embedded in paraffin. Following incubation with antibody against mouse
collagen 1V, positive cells were visualized using 3,3’-diaminobenzidine tetrahydrochloride (DAB) as a chromogen
(color: brown). Red arrow: collagen IV-positive fibroblasts; red asterisk: Collagen IV in basement membrane (peri-
vascular staining). Total magnification: 200 x. n: 5 independent mice. Quantitative analysis showed the final score.

PaSCs from Nox1l-competent mice with CP change: 0.69%0.03) (ProteomeXchange with
(Figure 6B). However, the lack of Nox1 did not identifier PXD034177). This finding was con-
affect its production by activated PaSCs (fold firmed by Western blotting (Figure 6B).
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Table 2. Comparative abundance of secreted proteins in CM of activated PaSCs from Nox1-compe-

tent and Nox1-null mice with CP

Protein . Fold
Increase
chaperones protecting from endoplasmic reticulum stress
Heat shock 70 kDa protein 4 0S=Mus musculus GN=Hspa4 PE=1 SV=1 - [HSP74_MOUSE] 12.13+0.99
Heat shock cognate 71 kDa protein 0S=Mus musculus GN=Hspa8 PE=1 SV=1 - [HSP7C_MOUSE] 4.02+0.41
Heat shock protein HSP 90-alpha 0S=Mus musculus GN=Hsp90aal PE=1 SV=4 - [HS90A_MOUSE] 3.22+0.15
Protein disulfide-isomerase A6 0S=Mus musculus GN=Pdia6 PE=1 SV=3 - [PDIA6_MOUSE] 2.28+0.11
Proteins participating in wound healing
Connective tissue growth factor 0S=Mus musculus GN=Ctgf PE=2 SV=3 - [CTGF_MOUSE] 4.83+0.41

Protein-glutamine gamma-glutamyltransferase 2 0S=Mus musculus GN=Tgm2 PE=1 SV=4 - [TGM2_MOUSE] 4.70+0.19

Insulin-like growth factor-binding protein 2 0S=Mus musculus GN=Igfbp2 PE=2 SV=2 - [IBP2_MOUSE] 4.22+0.39
Proteins protecting against oxidative stress

Peroxiredoxin-4 0S=Mus musculus GN=Prdx4 PE=1 SV=1 - [PRDX4_MOUSE] 6.57+0.57

Thioredoxin reductase 1, cytoplasmic 0S=Mus musculus GN=Txnrd1 PE=1 SV=3 - [TRXR1_MOUSE] 4.14+0.20

Peroxiredoxin-1 0S=Mus musculus GN=Prdx1 PE=1 SV=1 - [PRDX1_MOUSE] 3.75+0.22
Proteins protecting from metabolic stress

Pyruvate kinase PKM 0S=Mus musculus GN=Pkm PE=1 SV=4 - [KPYM_MOUSE] 3.95+0.12

The table provides protein names, and the fold increase, which is the Nox1-competent mice to Nox1-null mice predominant ratios of the aver-
aged PSMs and standard error of the mean (SEM) for specific proteins using normalized spectral counts. We focused on proteins that were at
least 2.5-fold more abundant in CM of PaSCs from Nox1-competent mice with CP (cut off: 2.5-fold change) and their SEM were lower than 10%
of fold change (mean). Overall, a total of 104 proteins were identified in the CM across the ten samples (5 CM of PaSCs from Nox1-competent

mice with CP, 5 CM of PaSCs from Nox1-null mice with CP) and analyzed.

Nox1 in activated PaSCs from mice with CP

induces the production of proteins protecting
cancer cells against oxidative stress

The cytosolic (secreted) selenoprotein flavin
adenine dinucleotide oxidoreductase thiore-
doxin reductase 1 (TrxR1) (gene: Txnrd1) sup-
ports several processes crucial for cell func-
tion, cell proliferation, antioxidant defense and
redox-regulated signaling cascades [45]. Nox1
induced the production of TrxR1 in activated
PaSCs from mice with CP (fold change: 4.14+
0.20) (Table 2). This finding was confirmed by
gPCR (Figure 6A) and Western blotting (Figure
6B). The antioxidant enzymes that are either
directly or indirectly supported by TrxR1 include
peroxiredoxins (Prdxs) and thioredoxin 1 (Trx1),
among others [46].

i) Prdxs are abundant thiol-dependent peroxi-
dases [46]. Four Prdxs are cytosolic (Prdx1,
Prdx2, Prdx4, and Prdx6) and two are mitochon-
drial (Prdx3 and Prdx5). Those cytosolic Prdxs
can be secreted, possibly via a non-classical
secretory pathway [47]. Using RT-PCR, Prdxs 1,
2, 4 and 6 were found in pancreas from heathy
mice and mice with CP (Figure 6C). Based on
the mass spectrometry, the most affected cyto-
solic isoforms by Nox1-induced cytosolic TrxR1
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were Prdx4 (fold change: 6.58+0.57) and Prdx1
(fold change: 3.75+0.22) (Table 2). These find-
ings were confirmed by qPCR (Figure 6A) and
Western blotting (Figure 6B).

i) Trx1 (gene: Txn) is a cytosolic 12-kDa protein
with a broad capacity of catalyzing disulfide
reduction in many substrate proteins [48].
Although we found Trx1 in the secretome of
activated PaSCs from both NoxI1-competent
and Nox1-null mice with CP, its content was
similar in both secretomes (fold change:
0.93+0.09) (ProteomeXchange with identifier
PXD034177).

Nox1 in activated PaSCs from mice with CP

induced the production of proteins protecting
cancer cells from metabolic stress

Glycolysis facilitates routing the carbon skele-
tons into the oxidative pentose phosphate
pathway (also called the phosphogluconate
pathway and the hexose monophosphate sh-
unt), which is a metabolic pathway parallel to
glycolysis that generates NADPH and pentoses
[49]. Nox1 uses NADPH to generate ROS, which
is essential for the fibrogenic activity of activat-
ed PaSCs from mice with CP. Here, we found
that Nox1 stimulated glycolysis by producing

Am J Cancer Res 2023;13(1):118-142



Nox1 facilitates PDAC progression

A Hspad Prdx4 Ctgf Txnrd1 s
4 10 10, whwe
ek e dekek
e e
o3 o 8 @3 - o 8
w w w L] w _'_
@ © @ - © |
g i g ¢ sk g ‘{_. g 61 .‘.
£2 o 2 £ » £2 = £ =
o - Tt o 4 [] o - . - 4 .
2.4 B - | 1t s - s, | ol it g
- {.. L 2 . 2111 1 o i‘ p ¢ %= 2 1+t
3 NSy < 3 L4 YV ey
0 . 0 0 - 0
healthy CP-activated healthy CP-activated healthy CP-activated healthy CP-activated
M F M F M F M F M F M F M F M F M F M F M F M F M F M F M F M F
n: 5 5§ 5 5 5 5 5 5 n: 5 58 5 § 5 5 5 5 n 6 6 6 6 6 6 6 6 n 7 7 7 7 5 5 5 5
WT  Nox?-null WT Nox1-null WT  Nox?-null WT  Nox7-null WT  Noxtf-null WT  Nox7-null WT  Nox1-null WT  Nox1-null
Tgm2 Igfbp2 Prx1
5 dedede 4 ke 5
. ke
" » e
.
g? - 3 23 - gt "
m ] L] ]
£3 - e o 23 'E @
S \ Tt S, o g w
£ P E ] £ T
2 , tttes 3 . .t Tt w2 Bttt
s |4 25 2le. = 3 . ottt
1 % i % : 3 = ¥ ia = il Y 1 ® »
w . v % - O T X {; .
c 0 n -'
healthy CP-activated e healthy CP-activated i healthy CP-activated
M F M FMF M F M F M F M F M F M F M F M F M F
n 6 _6 5 5 6 6 5 5 nn 6 6 5 5 6 6 5 & 7 7 1.7 7 7 85 5
WT  Noxf-nul  WT  Nox?-null WT  Noxi-null WT  Noxi-null WT Nox1-null WT  Nox{-null
B Prdx 1,24 CTGF TRXR1
Prax1,2,4 e - 20 3.0 25
vy .,‘ " -, - - - .
22kDa) 20 5 L i :
e L L b :
CTGF g0 X £ 15 r £
7 v 1.0{ sese A
esdsam = (] Enlm]
’ ool Lo 0.0 o ool l——
TRXF“% . Yy e~ e— £ o £ © Z 6 £ ¢ Z 6 Z o
(55 kDa) 0. : g 3 5 s 3 5
= = 2 = = =
WT Nox1-nul WT Nox1-nul WT Nox1-rudl
PDI —- —
(57 kDa) 50. POI
20
o 100. / 15 ,_:}
periostin g, —— A, - — 2 10
(90 kDa) : 3 -
o m []
tubulin - _
g D Ty a— 0.0
(52 kDa) 50 F ey z 5 =z § z & z &
healthy cP healthy cP g 8 g g
WT Nox1-pull WT Nox 1-null

135

Nox1-competent PaSCs

Nox1-null PaSCs

Am J Cancer Res 2023;13(1):118-142



Nox1 facilitates PDAC progression

C PaSCs from Nox1- competent mice

healthy CP  healthy CP healthy CP healthy CP healthy CP healthy CP healthy CP

Prdx 1 Prdx 2 Prdx 3 Prdx 4 Prdx 5 Prdx 6 18s RNA

Figure 6. Nox1 in activated PaSCs from mice with CP induces the production of several proteins protecting from ER, oxidative and metabolic stresses. A. Validation
of mass spectrometry using quantitative PCR. Data were expressed as fold change in gene expression relative to activated PaSCs from Nox1-competent healthy
mice (male or female) (mean + SEM). 18S rRNA was used as a reference. Statistical Analysis: One-way ANOVA followed by Student-Newman-Keuls post hoc was per-
formed by Instat Graphpad software (La Jolla, CA). *: P<0.05, **: P<0.01, and ***: P<0.001 vs WT mice; T1: P<0.01, and t11: P<0.001 vs WT mice with CP. n: as
indicated in the figure. B. Nox1 in activated PaSCs from mice with CP induces the production of Prdx1, Prdx4, CTGF, TRXR1 and PDI. We lysed activated PaSCs from
Nox1-competent and Nox1-null mice with or without CP and carried out Western blotting analysis. Left: Representative immunoblots for Prdxs 1, 2, 4 (22 kDa), CTGF
(35 kDa), TRXR1 (55 kDa), PDI (57 kDa) and periostin (90 kDa) were shown. a-tubulin (52 kDa) was used as a loading control. n: 4. Right: The quantitative analysis
was performed using density analysis software from TotalLab Quant TL100 (Newcastle upon Tyne, UK). Statistical Analysis: One-way ANOVA followed by Student-
Newman-Keuls post hoc was performed by Instat Graphpad software (La Jolla, CA). *: P<0.05 vs WT mice with CP. n: 4 independent experiments. C. Prdxs 1, 2, 4,
and 6 isoforms are expressed in pancreatic tissues. We isolated total RNA from pancreatic tissues of healthy mice and mice with CP using Trizol and RNeasy® Mini
kit, synthesized first-strand complementary DNA with TagMan RT-PCR kit, used four ug of complementary DNA in each PCR reaction and conducted amplification
with Taq DNA polymerase from Expand High Fidelity Enzyme Mix kit using specific primers (Table 1). n: Results were representative of 3 independent experiments.
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pyruvate kinase (gene: Pkm; fold change:
3.95+0.12) (Table 2), which catalyzes the
transfer of a phosphate group from phospho-
enolpyruvate to ADP, generating ATP (a sub-
strate level-phosphorylation).

Discussion

First, we compared the ability of Nox1 in acti-
vated PaSCs from mice with or without CP to
facilitate the invasion/migration of pancreatic
cancer cells. In vitro, using a cell invasion assay
and a scratch wound migration assay, activat-
ed PaSCs from mice with CP display a more
pro-invasive/migratory phenotype than activat-
ed PaSCs from healthy mice in a Nox1 signal-
ing-dependent manner. Unlike activated PaSCs
from mice with CP, the presence of activated
PaSCs from healthy mice did not cause a sig-
nificant increase in cancer cell migration/in-
vasion.

Regarding the mechanism by which Nox1
increased cancer cell migration/invasion, we
previously found that Nox1 increased the ex-
pression of MMP-9 and Twistl in activated
PaSCs from mice with CP [26]. Twist1 is a tran-
scription factor within the basic helix-loop-helix
(bHLH) family present in high amounts in hu-
man bone marrow-derived mesenchymal stro-
mal and stem cells [50]. Twistl has directly
induced the expression of MMP-9 in astrocyto-
ma [51] and in human peritoneal mesothelial
cells [52]. MMP-9 is a gelatinase that degrades
ECM proteins, including elastins, fibronectin,
and collagens (e.g., collagen IV in the basal lam-
ina) [16]. Because activated PaSCs from mice
with CP expressed MMP-9 and Twist1 at much
higher levels than activated PaSCs from heal-
thy mice (untreated with caerulein) [26], and
MMP-9 and Twistl mRNA levels were enhanced
by the presence of pancreatic cancer cell lines
and reduced by the lack of Nox1, we concluded
that the Twist1/MMP-9 signaling represents a
mechanism by which Nox1 in activated PaSCs
facilitates the migration/invasion of cancer
cells in a mouse model of CP.

Because the scratch wound assay was carried
out for more than 24 h, the wound closure
could be caused by a combination of both cell
proliferation and migration. Because, Nox1 has
not affected the proliferation of colon cancer
cell lines [53], while it has facilitated the inva-
sion of Kras-transformed rat kidney fibroblast
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cells through MMP-9 [28], the wound closure
was mainly caused by a pro-migratory pheno-
type of activated PaSCs from mice with CP.

In healthy pancreas, activated PaSCs maintain
the balance between the synthesis and degra-
dation of the basal lamina [54], mainly com-
posed of collagen IV and LAMC1 [55], whereas
in CP, activated PaSCs form the stroma [14],
mainly composed of collagen | and fibronectin
[55]. In vitro, we found that the induction of CP
increased the expression of fibronectin, and to
a lesser extent, collagen | in activated PaSCs,
and that both LAMC1 and Collagen IV were still
being produced by activated PaSCs even dur-
ing CP-induced healing process. We also dis-
covered that Nox1 participates in the formation
of the stroma because the deletion of Nox1
reduced the expression of fibronectin, LAMC1,
collagen |, and collagen IV in activated PaSCs
from mice with CP. Therefore, we can conclude
that secreted proteins were produced by acti-
vated PaSCs from mice with CP following Nox1
activation to cause ECM dynamic changes
(e.g., fibronectin, collagens, LAMC1, MMP-9)
and stimulate migration/invasion of pancreatic
cancer cells.

There are at least two main types of PaSCs/
CAFs: tumor-promoting (high level of IL-6; low
level of aSMA) and tumor-restraining (low level
of IL-6; high level of aSMA) [56]. We found that
activated PaSCs from mice with CP are tumor-
promoting because these PaSCs facilitated the
invasion/migration of pancreatic cancer cells
via Nox1. To confirm this assumption, we com-
pared the expression of aSMA and IL-6 in acti-
vated PaSCs from mice with or without CP
expressing or not Nox1l. We found that the
induction of CP in mice increases the level of
aSMA in activated PaSCs in a Nox1-indepen-
dent manner, without affecting the expression
of IL-6. For that, the classification of SMA +
PaSCs as tumor-restraining needs to be further
discussed.

In vivo, using an orthotopic xenograft model of
PDAC, we found that Nox1 in activated PaSCs
from mice with CP facilitated the growth of MIA
PaCa-2 cells and the expansion of stromal
compartment, as evaluated by staining with
Masson’s trichrome and representative immu-
noblots for aSMA, vimentin, fibronectin and col-
lagen 1A. We found that the expanded popula-
tion of PaSCs/CAFs in the presence of MIA
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PaCa-2 cells secrete more fibronectin than col-
lagen | because collagen | at both mRNA and
protein levels was lower than fibronectin in the
pancreas from NSG™ mice co-injected with
MIA PaCa-2 and activated PaSCs from Nox1-
competent mice with CP. We also discovered
that the expanded population of PaSCs/CAFs in
the presence of MIA PaCa-2 cells was desmin-
negative and aSMA-positive, as evaluated by
representative immunoblots for desmin and
aSMA, and this population required Nox1 to be
expanded.

In vivo, Nox1 in activated PaSCs from mice with
CP was required for an ECM dynamic change
since the co-injection of activated PaSCs from
Nox1-competent mice with CP with MIA PaCa-2
cells in the pancreas of immunodeficient NSG™
mice increased MMP-9 at mRNA and protein
levels, whereas the co-injection of activated
PaSCs from male NoxI-null mice with CP and
MIA PaCa-2 cells diminished MMP-9 at mRNA
and protein levels. There are two main sources
of MMP-9 in PDAC/CP: activated PaSCs and
macrophages [57]. We previously found that
Nox1 in activated PaSCs from mice with CP
evoked a higher expression of MMP-9 than in
those cells from healthy mice [26]. Because
NSG™ mice have defective macrophages [33],
it was likely that MMP-9 comes from activated
PaSCs/CAFs, rather than macrophages.

Therefore, we can also conclude that when acti-
vated PaSCs from mice with CP were co-inject-
ed with MIA PaCa-2 cells in the pancreas of
NSG™ mice, activated PaSCs/CAFs, which were
desmin-negative and aSMA-positive, facilitated
the growth of pancreatic cancer cells by caus-
ing MMP9-dependent ECM dynamic changes.
However, because Nox1 is expressed in endo-
thelial cells [58], pericytes [59] and smooth
muscle cells [32], which are cells other than
PaSCs present in the stroma, we cannot rule
out the participation of other sources of Nox1
as influencers of tumor progression.

Next, we explored the mechanisms by which
Nox1 in activated PaSCs from mice with CP
paracrinally facilitates cancer progression by
identifying Nox1-evoked secreted proteins us-
ing mass spectrometry. We showed that Nox1
in activated PaSCs from mice with CP protects
cancer cells from ER stress by producing HSPA4
and PDI6. These findings were supported by
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the fact that in vascular smooth muscle cells
Nox1 has regulated ER homeostasis by colocal-
izing with PDI [60].

Based on the mass spectrometry, Nox1 in acti-
vated PaSCs from mice with CP also protected
cancer cells against oxidative stress by produc-
ing TrxR1, Prdx4, and to a lesser extent, Prdx1.
TrxR1 supports several processes crucial for
cell function, cell proliferation, antioxidant de-
fense and redox-regulated signaling cascades
[45]. Prdxs are antioxidant enzymes that are
either directly or indirectly supported by TrxR1
[46]. Using RT-PCR, Prdxs 1, 2, 4 and 6 were
found in pancreas from heathy mice and mice
with CP. However, the most affected cytosolic
isoforms by Nox1-induced cytosolic TrxR1 were
Prdx4 and Prdx1. Based on these findings, we
believe that both Prdxs were overexpressed
and secreted as a mechanism to eliminate the
excess Noxl1-derived ROS in activated PaSCs
from mice with CP.

Nox1 in activated PaSCs from mice with CP
also participated in wound healing since Nox1
induced the production of CTGF, TGM2, and
IGFBP2, and protected cancer cells from meta-
bolic stress because Nox1 induced the expres-
sion of pyruvate kinase.

In conclusion, Nox1 in activated PaSCs from
mice with CP facilitates the progression of
PDAC not only by inducing the expression of
MMP-9, but also the production of proteins
protecting from ER, oxidative and metabolic
stresses. Therefore, inhibiting Nox1 signaling
in activated PaSCs from patients with CP at
early stages can reduce both the ECM dynamic
changes and the production of proteins pro-
tecting from ER, oxidative and metabolic stre-
sses, ameliorating the progression of PDAC.

Acknowledgements

We thank Donna Kumiski from the Histology
core of Augusta University for her excellent
work. This work was supported by the Augusta
University Provost’s office, the Translational
Research Program of the Department of Me-
dicine, Medical College of Georgia, the Scho-
larship & Creative Activity (RSCA), and the
National Institutes of Health National Cancer
Institute grant (1R15CA267836-01A1) award-
ed to M.E.S.

Am J Cancer Res 2023;13(1):118-142



Nox1 facilitates PDAC progression

Disclosure of conflict of interest
None.
Abbreviations

ANOVA, analysis of variance; aPaSCs, activated
PaSCs; BSA, bovine albumin serum; BSL-2,
Biosafety Level 2; CAFs, cancer-associated
fibroblasts; cDNA, complementary deoxyribo-
nucleic acid; CM, conditioned media; CP, chron-
ic pancreatitis; CTGF, connective tissue growth
factor; DAB, 3,3-diaminobenzidine tetrahydro-
chloride; DMEM, Dulbecco’s minimal essential
medium; dsDNA, double strand DNA; ECM,
extracellular matrix; ER, endoplasmic reticu-
lum; F, female; FBS, fetal bovine serum; H&E,
Hematoxylin and eosin; HRP, horseradish per-
oxidase; HSPA4, Heat shock 70 kDa protein 4;
IACUC, Institutional Animal Care and Use
Committee; IDV, integrated density volume; IGF,
Insulin-like growth factor; IGFBP2, Insulin-like
growth factor-binding protein 2; IHC, immuno-
histochemistry; IL-6, interleukin-6; IMDM,
Iscove’s Modified Dulbecco’s medium; KO,
knock out; LAMC1, laminin gamma-1; LC-MS/
MS, liquid chromatography with tandem mass
spectrometry; M, male; MGI, Mouse Genome
Informatics; MMPs, matrix metalloproteinases;
MRNA, messenger ribonucleic acid; Nox1,
NADPH oxidase 1; PanIN, pancreatic intraepi-
thelial neoplasia; PaSCs, Pancreatic stellate
cells; PDAC, pancreatic ductal adenocarcino-
ma; PDI, Protein disulfide-isomerase; Prdx, per-
oxiredoxin; PSM, peptide spectrum matching;
PW/BW ratio, pancreas weight/body weight ra-
tio; gPCR, quantitative polymerase chain reac-
tion; ROS, reactive oxygen species; RT-PCR,
reverse transcriptase-polymerase chain reac-
tion; SDS, sodium dodecyl! sulfate; SEM, stan-
dard error of mean; aSMA, a-smooth muscle
actin; SOD, superoxide dismutase; TBST, Tris-
buffered saline containing 0.1% (v/v) Tween
X-20; TGF-B, transforming growth factor-;
TGM2, Protein-glutamine gamma-glutamyltr-
ansferase 2; Trx4, thioredoxin 1; TrxR1, thiore-
doxin reductase 1; w/, with; w/o, without; WT,
wild type (it is also called Nox1-competent).
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