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Abstract

Background: Although it is known that the brain communicates with the gastrointestinal (GI)
tract via the well-established gut-brain axis, the influence exerted by chronic intestinal
inflammation on brain changes in Alzheimer’s disease (AD) is not fully understood. We
hypothesized that increased gut inflammation would alter brain pathology of a mouse model of
AD.

Methods: To test this idea, 2% dextran sulfate sodium (DSS) was dissolved in the drinking water
and fed ad /ibitum to male C57BL/6 wild type and App’VL-G- mice at 6-10 months of age for two
cycles of three days each. DSS is a negatively charged sulfated polysaccharide which results in
bloody diarrhea and weight loss, changes similar to human inflammatory bowel disease (IBD).

Results: Both wild type and App’Vt-G-F mice developed an IBD-like condition. Brain histologic
and biochemical assessments demonstrated increased insoluble AP1_40/42 levels along with the
decreased microglial CD68 immunoreactivity in DSS treated App’VL-G-F mice compared to vehicle
treated App’VL-C-F mice.

Conclusions: These data demonstrate that intestinal dysfunction is capable of altering plaque
deposition and glial immunoreactivity in the brain. This study increases our knowledge of the
impact of peripheral inflammation on A deposition via an IBD-like model system.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive age-related neurodegenerative disorder and the
most common form of dementia [1]. The disease is characterized by the accumulation of
extracellular Ap plaque deposition, intracellular neurofibrillary tangles, and
neuroinflammation, including microgliosis and astrocytosis [2—-6]. These pathophysiological
features spread throughout brain regions as the disease progresses and result in neuronal
death, synaptic loss, and learning and memory decline [1, 7-11]. Neuroinflammation plays a
pivotal role in the susceptibility, onset, and progression of AD [12, 13]. Numerous
retrospective studies demonstrate a significant reduction in the risk of AD in correlation with
prolonged use of non-steroidal anti-inflammatory drugs (NSAIDs) early in life [14-17]. A
midlife elevation of inflammatory markers due to systemic inflammation was also associated
with increased cognitive decline over the course of 20 years in older adulthood in a
longitudinal human study [18]. Observational studies demonstrate that individuals with one
or more major infections, including pneumonia, during midlife or later adulthood have
higher risk of diminished brain volumes, dementia, and AD pathology hallmarks [19].

In addition to the central nervous system being affected by age, elderly frequently suffer
from gastrointestinal inflammation and dysfunction, including fecal incontinence,
constipation, microscopic colitis, and diarrhea [20-25]. Indeed, inflammatory bowel disease
(IBD), including colitis and Crohn’s disease, is associated with risk of developing AD,
cognitive impairment, anxiety, and depression in patients [26-32]. This relationship may be
due to the fact that the gastrointestinal (Gl) tract bi-directionally communicates with the
brain via the well-established gut-brain axis, including direct neuronal communication,
endocrine signaling markers, and the immune system [33]. In our prior work we have shown
intestinal changes in both human AD and mouse models that correlate with changes in the
brains supporting the notion that brain and intestinal changes may be linked during disease
[34, 35]. The human Gl tract harbors 100 trillion microbes, 10 times more than the human
body total cells, which mostly reside in the colon and play a critical role in regulating
intestinal function [36]. Intestinal dysbiosis, changes in intestinal microbial diversity, have
been reported in both human and animal models of IBD [37-44] and Alzheimer’s disease
alike [45-47] again suggesting a gut-brain connection during disease. Most importantly,
intestinal inflammation in IBD mouse models results in microglial activation, altered
neurogenesis, and increased cortical inflammation [48-50]. The complex gut brain
communication mechanisms disrupted during colitis may influence brain function in
numerous fashions involving changes in the innate and acquired immune system, the
autonomic and enteric nervous systems, the endocrine system, the hypothalamic-pituitary-
adrenal axis, and even intestinal microbial products and metabolites [51-65]. For example,
one well described gut brain communication mechanism that is particularly relevant to
intestinal inflammation involves damage to the epithelium which may allow leakage of
bacteria or bacterial products such as LPS into the tissue parenchyma to stimulate systemic
inflammation associated with elevations of cytokines such as TNFa and IL-6 which are well
known to influence and correlate with behavior changes [51-54, 66-72].

J Alzheimers Dis. Author manuscript; available in PMC 2021 May 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sohrabi et al.

Page 3

In this study, we tested the hypothesis that induction of moderate colonic inflammation
potentiates the progression of AD propagated from the intestine to the brain. Wild type and
AppVE-GF mice were orally treated with 2 cycles of 2% dextran sulfate sodium (DSS) for 3
days followed by 14 days of interval. Mice were assessed for changes in memory and
anxiety-like behavior during the second recovery phase and sacrificed 20 days after the last
DSS exposure to investigate the long-lasting impact of gut inflammation on AD mouse
brains. Our data demonstrated that chronic DSS administration decreased locomotion
activity but not memory function and increased A plaque load correlating with decreased
microglial phagocytic phenotype in the AD mouse model.

MATERIALS AND METHODS

Animal models

AppNE-GF mice (KI:RBRC06344) were obtained from Dr. Takashi Saito and Dr. Takaomi
C. Saido, RIKEN BioResource Center, Japan. These mice carry the humanized A region,
including Swedish (NL), Arctic (G), and Beyreuther/Iberian (F) mutations which promotes
AP production, enhances A aggregation through facilitating oligomerization and reducing
proteolytic degradation, and increases AP4/40 ratio, respectively [73]. This transgenic
mouse model of AD develops cortical AR amyloidosis as early as 2 months. To perform this
study, wild-type (WT) C57BL/6 mice originally purchased from the Jackson Laboratory
(Bar Harbor, Maine) and the AgpVL-GF transgenic mice were maintained, as a colony, under
standard housing conditions including a 12 h light:12 h dark cycle and 22 + 1°C temperature
with ad libitum access to food and water at the University of North Dakota Center for
Biomedical Research. Male C57BL/6 control WT and AgpVL-G+ mice at 6-10 months of
age (n = 9-11 per treatment group) were used (Table 1). Although sex differences are
important to consider, particularly in the AD field, for this study we did not have adequate
numbers of female mice at the onset of the study due to breeding needs and other
experimental uses and we elected to proceed with a male only study with the rationale that
males are more susceptible to inflammation induced by DSS and develop severe and
aggressive disease [74]. Mice were randomly divided into vehicle and DSS treated groups
for 8 weeks of investigation. Mice were euthanized followed by cardiac perfusion and the
brain, spleen, and colon were collected to quantify histologic and biochemical changes on
week 8. All procedures involving animals were reviewed and approved by the UND
Institutional Animal Care and Use Committee (UND IACUC). The investigation conforms
to the National Research Council of the National Academies Guide for the Care and Use of
Laboratory Animals (8t edition).

DSS exposure and assessment of the severity of colitis-like symptoms

To mimic the effect of gut inflammation on the progression of AD in adulthood, 6-10
months-old male AppVL-G-F mice and matched sex WT mice were randomly divided into 4
experimental groups (Table 1). As evaluating the role of peripheral inflammation on AD
brain effects during adulthood was the goal of the study, we elected to study mice at an older
age (approximately 10 month of age for AD mice and 7 month of age for the WT groups).
Each genotype was treated with vehicle (autoclaved drinking water) or 2% DSS for 2 cycles,
3 days each, with 14 days of interval for recovery before initiation of the second DSS
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exposure as described in Fig. 1 [75]. Colitis-like disease was induced in two groups by
dissolving DSS (2%, w/v, MW=36-50 kDa, MP Biomedicals, LLC, Santa Ana, CA, USA)
in autoclaved drinking water. Mice were weighed individually on day 0, every day during
the second cycle of the DSS treatment, 2 days post exposure, and twice a week to the end of
the study (Supplementary Table 1). Drinking water as well as food intake in each cage were
monitored every day during the DSS bouts and weekly throughout the rest of the
experimental procedure without making specific measurements but to ensure consumption
was occurring. The disease activity index (DAI) is associated with the presence of gut
lesions and inflammation and represents the percentage of body weight loss, stool
consistency, and the presence of gross bleeding in feces. A Hemoccult test kit (Beckman
Coulter Inc., CA, USA) was used to determine occult blood in the stool samples. DAI was
evaluated and scored in a blinded fashion at 1 day prior to DSS treatment (day 0), during the
second cycle of 2% DSS administration, and 2 days post exposure, totaling 5 days, as
previously described with slight modifications (Table 2) [76-80]. Each parameter was scored
on a scale of 0—4 and summed to get a score out of 12 for the maximum DAI per mouse for
each condition. The daily DAI per mouse was subtracted from its respective day 0 to get the
normalized score. Body weight loss was calculated as the percentage ratio by dividing the
body weight on each specific day by the body weight on day 0 during the second cycle of
2% DSS administration until the week of mice collection (Fig. 1). The method of scoring is
quite analogous to clinical symptoms observed in human IBD. Mice were approximately 8-
12 months of age at the time of collection. On the 8! week, animals were euthanized via
CO», asphyxiation followed by cardiac exsanguination and perfusion with PBS. The colon
weights and lengths between the cecum and rectum as well as spleen weights were measured
post-mortem. The brain, colon, and spleen were collected for further histochemical and
biochemical analysis.

Histological staining and scoring of colonic tissue

On the day of collection, distal colons were made into Swiss rolls, fixed in 4%
paraformaldehyde (PFA) for 5 days, and cryoprotected via two successive changes of 30%
sucrose. The Swiss-rolls were embedded into gelatin blocks and were serially sectioned
using a chambered cryostat for 10um thick sections. Colon sections were stained for
histology H&E (Hematoxylin and eosin) and Alcian blue stains as described in detail
previously [81]. H&E sections were examined by a pathologist blinded to the experimental
groups. Histological scoring was assigned based on the extent of inflammation and mucosal
hyperplasia as follow A) inflammation score: 0= normal (within normal limits); 1= mild
(small, focal, or widely separated, limited to lamina propria); 2= moderate (multifocal or
locally extensive, extending to submucosa); 3= severe (transmural inflammation) and B)
mucosal hyperplasia score: 0= normal (within normal limits); 1= mild (crypts 2—-3 times
normal thickness, normal epithelium); 2= moderate (crypts 2-3 times normal thickness,
hyperchromatic epithelium, reduced goblet cells, scattered arborization); 3= severe (crypts =
4 times normal thickness, marked hyperchromasia, few to no goblet cells, high mitotic
index, frequent arborization) [82]. Individual and sum of two histology scores were graphed
for better data interpretation. The stained slides were scanned using a Hamamatsu 2.0HT
digital slide scanner and figures were made using Adobe Photoshop CS3 software (Adobe
Systems, San Jose, CA). Colonic images are shown with 10X and 20X magnifications.
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Behavioral analysis: Open field and Cross-Maze tests

On the 71" week, open field (OF) and cross maze (CM) tests were performed to assess the
effect of DSS treatment on behavior during the second recovery phase. Locomotor activity
and working memory were evaluated by OF and CM tests, respectively. To evaluate general
locomotion associated with treatment, animals were placed individually in the same
quadrant of a 19cm x 45cm x 25¢cm open field apparatus to freely explore and move for 10
min. The distance traveled, time spent in the center of the field as well as time mobile were
scored blindly from video captured by Anymaze software (Stoelting Co. Wood Dale, IL,
USA). Following the test, the animals were placed back into their home cages for at least 30
min prior to the next behavior assessment.

CM testing allows mice to explore a cross-shaped maze at their own discretion without any
added stress or motivation such as lights, sound, food deprivation, etc. Mice were placed in
the same arm of the CM and allowed to move and choose other arms for 10 min. A choice
was considered when all 4 feet were within an arm. The total entries (the total number of
choices made by each animal) were recorded and the number of alternations was counted
(defined as 4 consecutive entries into 4 different arms), and % alternation for each mouse
was calculated as follows, # alternations/(total entries-3) x 100, blindly from video captured
using Anymaze software (Stoelting Co. Wood Dale, IL, USA). Immediate re-entry into the
same arm, after exiting it, was not considered as an arm choice. The chance alternation rate
for this task is 22.2%. After completion of the test, mice were returned to their home cages
until tissue collection.

Immunohistochemistry (IHC)

Left brain hemispheres were fixed in 4% PFA for 5 days followed by cryoprotection via two
successive changes of 30% sucrose. Brains were embedded in 15% gelatin and serially
sectioned into 40um sections using a sliding microtome [83]. Sections were immunostained
using antibodies against Iba-1 (1:1000 dilution, rabbit, 019-19741, Wako Chemicals USA,
Inc., Richmond, VA, USA), CD68 (1:1000 dilution, rat anti-mouse, MCA1957, Bio-Rad
Laboratories, Inc., CA, USA), GFAP (1:1000 dilution, D1F4Q, rabbit mAb, Cell Signaling
Technology, Inc., Danvers, MA, USA), and AB (1:500 dilution, D54D2, rabbit mAb, human
cross-reactivity, Cell Signaling Technology, Inc., Danvers, MA, USA) to detect microglia,
astrocytes, and Ap plaques, respectively. For Ap immunostaining, antigen retrieval was
required and performed using 25% formic acid (Sigma-Aldrich) for 25 min at room
temperature prior to blocking (Burlingame, CA, USA). Immunostaining was performed for
the Swiss-rolls via using rat anti-mouse CD68 (1:1000 dilution, MCA1957, Bio-Rad
Laboratories, Inc., CA, USA) antibody to target the intestinal macrophages [81]. Tissues
were rinsed in PBS and blocked in PBS solution containing 0.5% bovine serum albumin
(BSA, Equitech-Bio, Inc.), 0.1% Triton X-100 (Sigma-Aldrich), 5% normal goat serum
(NGS, Equitech-Bio, Inc.), and 0.02% Na Azide for at least 30 min. After 24 hr of
incubating tissues with primary antibodies at 4°C, respective biotinylated secondary
antibodies were used, including rabbit anti-rat 1gG antibody mouse adsorbed and goat anti-
rabbit 1gG (Vector Laboratories, Inc., Burlingame, CA, USA). A VECTASTAIN Avidin-
Biotin Complex (ABC) kit was used followed by the Vector VIP Peroxidase (HRP)
Substrate kit (SK-4600) to visualize the antibody binding (Vector laboratories, Inc.,
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Burlingame, CA, USA). For analysis and quantitation, images were taken using an upright
Leica DM1000 microscope and Leica DF320 digital camera. Immunohistochemistry
quantitation was performed using 3 serial sections containing either hippocampi or temporal
cortices per mouse (n=5-9). A total of 4 distal colonic Swiss-rolls per condition were
quantified for CD68 immunohistochemistry. The images were converted into greyscale
followed by inversion using Adobe Photoshop CS3 software (Adobe Systems, San Jose,
CA). After normalizing background, the mean optical density value for each image was
recorded by selecting the whole hippocampus, temporal cortex, or Swiss-roll using the lasso
tool in Adobe Photoshop CS3 software (Adobe Systems, San Jose, CA) and interested areas
selected using a WACOM tablet model: CTE-430 (WACOM Co., Ltd). Brain (4X and 20X
magnifications) and colonic (10X and 20X magnifications) images were taken via a
Hamamatsu 2.0HT digital slide scanner.

Enzyme-linked immunosorbent assay (ELISA)

On the collection day, right hippocampi and parietal cortices of brain hemispheres and
middle parts of the colons were isolated and flash frozen. Hippocampi, parietal cortices, and
middle colons were lysed in RIPA buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 1 mM
Na3V0Oy, 10 mM NaF, 1 mM EDTA, 1 mM EGTA, 0.2 mM phenylmethylsulfony! fluoride,
1% Triton X-100, 0.1% SDS, and 0.5% deoxycholate), lysis buffer 17 (R&D Systems, a
Bio-techne brand, Minneapolis, MN, USA), and 1% Triton X-100 in PBS, respectively, with
protease inhibitor cocktail (P8340, Sigma-Aldrich, MO, USA). Tissues were centrifuged
(12,000 rpm, 4°C, 10 min) and the supernatants were collected. Hippocampi supernatants
were used to perform soluble AB1-40/42 ELISAs (human Amyloid B4g/42 Brain
EZBRAIN40/42 ELISA, EMD Millipore, Billerica, MA, USA). The hippocampi pellets
were re-suspended in 5M guanidine HCL/50mM Tris HCL, pH 8.0, centrifuged (12,000
rpm, 4°C, 10 min), and the supernatants were removed to quantify insoluble AB1-40/42 levels
by using the same ELISA kit according to the manufacturer’s protocol. TNF-a, IL-1p, and
IL-6 cytokine ELISAs were performed from the parietal cortices supernatants according to
the manufacturer’s protocol (Quantikine ELISAs, R&D Systems, a bio-techne brand,
Minneapolis, MN, USA). The collected colon supernatants were used to perform lipocalin-2
ELISA (Mouse Lipocalin-2/NGAL DuoSet ELISA, R&D Systems, a bio-techne brand,
Minneapolis, MN, USA) according to the manufacturer’s protocol. The BCA kit (Thermo
Scientific, IL, USA) were used to quantify protein concentrations and Ap, lipocalin-2, and
cytokine levels were normalized to the protein content of each homogenized sample.

Western blotting

Protein contents were assessed for the collected hippocampi supernatants, previously lysed
in RIPA buffer containing protease inhibitor cocktail, via a BCA kit. Five g of protein per
sample was resolved by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene difluoride membranes (PVVDF) for western
blotting. Membranes were blocked for 1h in 5% bovine serum albumin (BSA) in tris-
buffered saline solution (TBST) followed by applying anti-amyloid precursor protein
(1:1000 dilution, Y188, ab32136, rabbit mAb, mouse/rat/human cross-reactivity, Abcam,
Cambridge, MA, USA), BACE (1:1000 dilution, D10ES5, rabbit mAb, Cell Signaling
Technology, Inc., Danvers, MA, USA), and Cox-2 (1:500 dilution, Cyclooxygenase 2, rabbit
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pAb, ab15191, Abcam, Cambridge, MA, USA), primary antibodies overnight at 4°C.
Chemiluminescent visualization was used to detect antibody binding using donkey anti-
rabbit 1gG and goat-anti mouse IgM horseradish peroxidase (HRP)-conjugated secondary
antibodies (Santa Cruz Biotechnology, Inc., CA, USA). Exposures were captured using an
Aplegen Omega Lum G imaging system. Optical density values were normalized to the
loading control a-tubulin (1:10000 dilution, TU-02: sc-8035, mouse mAb, Santa Cruz
Biotechnology, Inc., CA, USA) optical density values.

Statistical analysis

RESULTS

All in vivo data, except DAI and %BW changes, were analyzed by performing unpaired
two-tailed t-test. DAl and %BW changes were analyzed via two-way ANOVA multiple
comparisons followed by uncorrected Fisher’s LSD test using GraphPad Prism 8 software.
Data are represented as the mean £ SEM. Significance is indicated by P value measurements
with a P < 0.05 considered significant; *P < 0.05; **P < 0.01; ***P < 0.001; ****P <
0.0001.

DSS induced colitis-like symptoms in wild type and AppNL-G-F mice

Six-ten months-old male App’VL-G-F mice and matched sex WT mice (Table 1) were treated
with 2% DSS for 2 bouts to induce colonic inflammation. Symptomatic parameters of
colitis, DAI (Table 2) and % body weight loss, were monitored and recorded during the
experimental procedure as indicated in Fig. 1. Colon length as well as spleen and colon
weights were measured postmortem on the day of tissue collection. During the second
administration of DSS, both WT and AD mouse models displayed significantly greater
disease activity scores and % body weight losses compared to their respective untreated
groups starting on days 1 and 4, respectively (Fig. 2A-D). Mice were expected to recover to
their initial weight during the course of recovery [80]. However, both WT and AppVL-G-+
DSS treated mice showed a consistent reduction in body weight and without complete
recovery after ending the second cycle of DSS exposure until euthanasia in comparison with
their controls (Fig. 2C and D). Body weight loss and rectal bleeding are associated with
shortening and thickening of the colon as well as splenomegaly, as other biological markers
for assessment of colonic inflammation [76, 84]. The 2% chronic DSS treated group in both
genotypes demonstrated a significant increase in spleen and colon weights typically related
to anemia as a result of rectal bleeding [84] and the granulomatous nature of inflammation
[76], respectively (Fig. 2E and F). Colonic length significantly decreased in WT, but not
AppNE-GF mice as expected after inflammatory induction perhaps indicating a less severe
response to DSS in App’VE-G-F mice (Fig. 2G). Overall, these results demonstrated that 2
cycles of chronic DSS treatment produced a time-dependent DAL in both WT and AppNL-G-+
genotypes.

DSS administration disrupted colonic epithelial integrity and increased inflammation

In order to perform histological examination of colonic inflammation induced by DSS, H&E
and Alcian blue staining were performed on the distal colon Swiss-rolls (Fig. 3).
Hematoxylin and eosin staining examination demonstrated significantly greater
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inflammation (severe) (Fig. 3C), mucosal hyperplasia (mild for WT and moderate for
AppNE-GF) (Fig. 3D), and total histology lesions (Fig. 3E) in DSS treated WT and
AppVL-G-F mice compared to their respective controls. To better assess goblet cell loss
caused by chronic DSS exposure, mucin-producing goblet cells were visualized by
performing Alcian blue staining. Alcian blue stains acidic mucus secreted by goblet cells
[85]. Alcian blue staining frequently highlighted goblet cells lining crypts of the control
vehicle groups. However, crypt epithelial cells only occasionally stained with Alcian blue in
areas of hyperplasia in the WT and AppNL -G DSS treated groups. Also, fewer goblet cells
in regions of inflammation with mucosal erosion were observed as a result of DSS treatment
(Fig. 3B). Briefly, the number of goblet cells markedly decreased within areas of mucosal
hyperplasia and inflammation due to DSS treatment compared to the respective vehicle
groups in both genotypes (Fig. 3B). It has been reported that the number of CD68 positive
macrophages increases in colon specimens of IBD patients compared to normal individuals
[86]. Therefore, CD68 immunostaining was performed to visualize infiltrating, activated
macrophages, into the lamina propria and colonic submucosa. As expected, a robust and
statistically significant increase in macrophage infiltration to the site of inflammation was
observed in both DSS treated genotypes in comparison with controls (Fig. 4A and B).
Lipocalin-2 (Lcn2), as a 25 kDa neutrophil gelatinase-associated lipocalin (NGAL)
glycoprotein, was first isolated from human neutrophil granules [87]. Fecal Lcn2 is a stable,
highly sensitive, and non-invasive marker which determines the extent of intestinal
inflammation [84]. Colonic lipocalin ELISA demonstrated a significant increase in response
to DSS treatment in AppVL-G-F and WT mice compared to their controls (Fig. 4C). Although
lipocalin is only one biomarker of colonic inflammation, an apparent slightly greater DSS-
induced increase in WT compared to Agp’VL-G-F mice suggests that the colonic response
may be less severe in the AD line. These findings suggest that 2% chronic DSS
administration induced moderate expression of inflammatory markers in both genotypes.

DSS treatment decreased mobility of AppNL-G-F mice

To determine whether induction of moderate colonic inflammation negatively affects
locomotor activity and working memory, WT and AgoVL-C-F mice were examined in the OF
and CM paradigms 12 days after completing the second cycle of DSS, during the resolving
inflammation/recovery phase. The OF test examines general locomotion and anxiety-like
behavior via primarily exploratory behavior [88]. Comparing only within genotype, mobility
as well as time mobile were significantly attenuated due to DSS administration in the
AppVE-G-F mice. However, DSS exposure exerted no effect on time spent in the center of the
OF in either genotypes (Fig. 5A). Surprisingly, although the WT mice demonstrated
biochemical and histologic evidence of colonic inflammation it may not have been sufficient
to produce robust behavioral differences detectable with the open field test we elected to use
[89]. This suggests a basal increase in locomotion activity was present in AppVL-G-* mice
which was attenuated by DSS treatment.

To assess the working memory changes induced by 2 bouts of 2% DSS treatment,
performance in the CM paradigm, which is a “+” shaped apparatus with four white arms,
was examined for both genotypes [90]. Consistent with the OF results, the total number of
arm choices (total entries: locomotor activity indicator), which was greater in vehicle treated
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AppVL-GF significantly reduced in AD mice after DSS administration (Fig. 5B). There was
no significant decrease in % alternations (indicator of memory deficit) due to DSS treatment
in either genotypes (Fig. 5B). Like the mobility findings, it is unclear why the DSS-induced
colonic inflammation did not produce memory deficits. It is possible that changes were
simply not detectable with the CM test or even greater inflammatory insult is required to
affect behavior. Collectively, DSS exposure negatively affected App’VL-G-* mice locomotion
during the second recovery phase.

Gut inflammation induced by DSS altered Ap accumulation in AppNL-G-F mice brains

WT and AppVE-G-F mice were treated with 2 cycles of 2% DSS and sacrificed 20 days (on
week 8t) after the last exposure (Fig. 1) to assess long-lasting brain changes. The impact of
moderate disruption of gut epithelial barrier and gut inflammation on AP deposition in
different brain regions was assessed. AP immunohistochemistry demonstrated that plaque
load significantly increased in both hippocampi and temporal cortices of AppVL-G-F mice in
response to DSS treatment compared to their controls (Fig. 6A-D). Similarly, Ap ELISA of
hippocampi demonstrated over a 2-fold increase in both insoluble Ap;-40 and AB1—-42 in
DSS treated App’VL-G-F mice in comparison with the vehicle treated group. Soluble
AB1-40/42 Showed no statistically significant changes due to DSS administration, although
there was an increase trend in the DSS treated App’VL-G-F mice (Fig. 6E). These data
indicate that inducing moderate intestinal inflammation leads to exacerbation of AD
pathology via elevating Ap plaque deposition and insoluble AB1_40/42 as a brain change
during the recovery phase of DSS treatment in the Apo’VL-G-F mice.

Glial immunoreactivity was altered distinctly in AppNL-G-F and WT mice brains due to the
colitis-like symptoms induced by DSS treatment

It is well established that brain specialized inflammatory cells, microglia and astrocytes,
become activated and express inflammatory cytokines in various brain diseases, including
AD. Impaired microglial phagocytosis activity in response to Ap plaque deposition plays a
hypothesized role in pathogenesis and progression of AD [5, 6, 91-93]. We expected that
propagation of gut inflammation induced by DSS to the brain would also affect the brain
gliosis correlating with the elevated A levels. Immunohistochemistry was performed to
investigate the impact of colonic barrier disruption and gut inflammation on glial activation.
Notably, astrocytosis, visualized by using anti-GFAP immunoreactivity, significantly
decreased in WT mice but did not reveal any dramatic alterations following DSS
administration in AppML-G-F mice hippocampi compared to their controls (Fig. 7).
Microgliosis was assessed using two different antibodies, anti-lba-1 and CD68. Interestingly,
moderate colonic inflammation diminished Ap-associated microglial phagocytic phenotype,
which is demonstrated by CD68 immunoreactivity, in AgeVL-G+ mice versus their vehicle
controls. Similar to GFAP, the microglial protein Iba-1 [94] was not altered in response to
gut inflammation induced by DSS in AgpVL-G- mice hippocampi but significantly
increased in WT hippocampi compared to their respective controls (Fig. 7). This suggested
that moderate gut inflammation resulted in a selective phenotype change in gliosis, including
decreased astrocytosis and increased microgliosis in WT mice and no change in astrocytes
but reduced microglial phagocytic phenotype that correlated with increased A plaque
accumulation in the ApoVL-G brains.
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DSS treatment did not change brain cytokine levels

Due to limited remaining hippocampal samples, parietal cortices were lysed and cytokine
levels were quantified by ELISA to assess inflammatory cytokine changes in TNF-a, IL-18,
and 1L-6 levels as a result of 2 cycles of 2% DSS treatment in both WT and AppVL-G-* mice.
The brain levels of TNF-a were below the detection level and IL-1 levels were not changed
across experimental groups and genotypes (data not shown). As expected, vehicle treated
AD mice demonstrated high IL-6 levels. The cytokine levels were not significantly elevated
by DSS treatment in either WT or AgpVL-G-F mice compared to controls, however (Fig. 8).
This finding suggests that two rounds of DSS-induced moderate gut inflammation was
insufficient to produce elevated changes in select brain cytokines detectable 3 weeks after
the last round of treatment.

DSS treated AppNL-G-F mice brains demonstrated no changes in neurodegeneration and
neuroinflammatory markers

Based upon the changes in AB plaque load and microglial CD68 immunoreactivity in
AppVL-GF animals as well as gliosis alterations in WT mice due to DSS treatment, we next
investigated the changes in levels of proteins involved in Ap processing and inflammation
phenotype in the mouse brains 20 days following the DSS treatments via western blots.
Hippocampal lysates were used to quantify APP and BACE (p-secretase) protein levels, two
proteins required for A production in AD. No increases were observed in APP and -
secretase protein levels due to gut inflammation in either genotype (Fig. 9). Protein levels of
cyclooxygenase-2 (cox-2), an inflammatory marker, were also assessed in the AppVL-G-F
and WT groups [95]. Similarly, no significant changes were observed in the levels of these
proteins following DSS administration (Fig. 9). These results suggest that DSS treatment
exerted no sustained effect on additional inflammatory markers in WT and AppVE-G-F mice.

DISCUSSION

To the best of our knowledge, this is the first study investigating a direct contribution of
colitis-like intestinal inflammation to AP plaque levels and glial immunoreactivity using the
AppNE-GF transgenic mouse model. We have previously reported that colonic inflammation
correlates with brain AB plague deposition starting at 3 months of age in App’VL-C-F mice
and increased pro-inflammatory markers and macrophages in the ileums of AgpVL-G+ and
APP/PS1 mice compared to controls [34, 35]. In this study, we report that chronic intestinal
disruption induced by 2 cycles of DSS exposure resulted in moderate colitis-like symptoms
in WT and AD animals with significant motor dysfunction in Ago™VL-G- mice. Intestinal
inflammation correlated with an increase in Ap plaque load in hippocampi and temporal
cortices along with a decrease in microglial CD68 immunoreactivity in AppVL-GF mice
during the recovery phase after injury. Taken together, these findings suggest that basal
intestinal inflammation, which has been reported in our previous studies, exacerbated by
DSS administration in AD animals can propagate to the brain and promote Ap plague
formation. Based upon the reduced CD68 immunoreactivity, it is intriguing to suggest that
increased plaque accumulation may be due to reduced microglial phagocytic phenotype in
AppNE-GF mice. Interestingly, induced gut inflammation altered microglial and astrocyte
reactivity of WT mice brains uniquely from the App’VL-G-F mice. However, due to the age
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differences in the wild type and App’VL-C-F mice we cannot rule out that differences in the
response to DSS may well be age dependent and a more rigorous comparison of DSS-
mediated effects on the brain in both wild type and AppVL-C mice at similar ages is needed
across the lifespan.

Although we do not know how alteration of intestinal function during DSS-induced colitis is
specifically causing the brain changes in the App’VE-G-F mice, human studies support the
general notion that colitis influences the brain. For example, it is known that stress can
initiate symptomatic flares of IBD based upon a prospective population-based study [96]. In
addition, IBD individuals have reduced gray matter volumes and increased white matter
hyperintensities in specific brain regions compared to controls [97, 98]. When considering
what might be responsible for the intestine to brain communication changes that potentiated
some aspects of AD in our study, it is important to remember that the brain and intestine
communicate via endocrine, immune, and neuronal mechanisms and the intestinal
microbiome appears to play an integral part in regulating these as well [51-65]. Future work
will need to systematically assess each pathway to determine relevance in this paradigm.

It is important to point out that we used the DSS-induced colitis model as a general means of
driving intestinal inflammation and not to indicate that IBD, per se, influences the risk of
AD. DSS, is a negatively charged sulfated polysaccharide that induces intestinal
inflammation by disrupting intestinal epithelial integrity to increase colonic permeability
leading to translocation of gut microbiota and their metabolites from the lumen into
underlying tissue and infiltration of leukocytes into the lamina propria and submucosa
followed by the production of pro-inflammatory cytokines [76]. Colonic disruption induced
by DSS results in diarrhea, weight loss, and gross rectal bleeding, pathology similar to
individuals with ulcerative colitis [99, 100]. This is a controllable, reproducible, simple, and
rapid method to induce inflammation and provides the opportunity to study the resolution of
inflammation compared to bacterial induction or transgenic models, in which colonic
inflammation continues without amelioration. Although we did not explore it in this study,
prior work has shown the DSS-induced colitis in mice is critically dependent upon the
plasma kallikrein kininogen pathway, or contact system [101]. Importantly, there is clear
evidence of disruption of this system in AD. AD patients have demonstrated impaired
clotting ability and activation of the contact system [102, 103]. Increased levels of FXII, HK
cleavage, and kallikrein activity have all been reported in AD plasma [104]. Ap and other
misfolded proteins can bind to FXII possibly leading to either clot formation via the intrinsic
coagulation pathway or increased inflammation via bradykinin generation in AD [104-106].
This AB-mediated role of contact system activation in AD is further supported by elevated
plasma HK cleavage in a mouse model of AD and wild type mice iv. injected with Ap4,
[104] and protection from neuroinflammation in an AD line with Factor XII (FXII) depleted
[107]. Further study is required to understand whether activation of the contact system in the
DSS paradigm is contributing to the A plaque changes we observed.

Although DSS studies are often performed in younger mice from 6-18 weeks of age [44, 49,
50, 108-117] we elected to use older mice at 24-40 weeks of age to allow us to examine
AD-related brain changes. In spite of this older age paradigm, symptomatic parameters,
colon histology (erosions and goblet cell loss), changes in CD68 immunohistochemistry
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staining, and lipocalin-2 ELISA assessments all demonstrated successful colitis-like
pathology induction in both genotypes consistent with other reports [43, 44, 84, 100, 118].
According to Snider and colleagues, mice are expected to recover to their initial weight
during the course of recovery [80]. However, neither WT nor App’VL-G+ animals completely
recovered after ending the second cycle of DSS treatment in our paradigm. This could be
due to treating mice with DSS at an older age in our study. On the other hand, similar to our
data, Chassaing and colleagues reported that weight loss and loose stool continued for 5
weeks after DSS removal in mice on the C57BL/6 background [76]. This suggests that a
longer period is required after DSS treatment if a full recovery is desired.

It has been reported that WT animals with DSS-induced colitis show prolonged immobility,
abnormal behavioral stress responses, memory impairment, and alterations in expression
levels of genes involved in the limbic system [44, 118, 119]. Indeed, we expected to observe
exacerbation of memory deficits, at least, in our DSS treated mice. Our OF and CM data
revealed a high degree of mobility of the Ap’VL-G-F vehicle group. This activity was
decreased due to DSS administration observable during the second resolution phase, 12 days
post exposure, in the App’VL-G-F mice. Consistent with our finding of AppVL-G-*
hyperactivity, others have reported increased locomotor activity associated with AD mouse
models [120-127] and decreased locomotor activity in Agp™~ mice [128-130]. Our findings
suggest that gut inflammation induced by DSS exposure may affect regions of the brain
involved in locomotor activity. However, our OF and CM tests did not demonstrate any
anxiety-like or memory deficits due to DSS treatment. It could be that only transient
behavioral deficits were induced by DSS-induced inflammation which normalized during
the interval phase. Consistent with our data, previous studies reported exacerbation of
anxiety-like behavior or memory dysfunction when assessed during active colonic
inflammation phase, 0-3 days after DSS cessation. These behavioral changes resolved
during the recovery phase even though the colitis-like symptoms, including shortened colon
length, colonic histological damages, and increased myeloperoxidase (MPQ) activity, were
still present [42, 44, 118]. For example, others have shown that WT mice treated with 3%
DSS for 5 days demonstrate recognition memory deficits and anxiety-like behavior 3 days
post exposure, during active disease, tested by novel object recognition task and light/dark
box test, respectively. However, behavior deficits were no longer present 9 days post DSS
treatment compared to controls [44]. Similarly, impaired learning and memory in the Y-
maze and passive avoidance tasks resolves during recovery of inflammation, 15 days after
colitis induced by 2.5% 2,4,6-trinitrobenzenesulfonic acid (TNBS) for 5 days [42]. Taken
together, these prior studies indicate that disruption of gut barrier integrity induced by
chemicals results in a transient anxiety-like and memory dysfunction which returns to basal
levels during the recovery phase. Nevertheless, the prolonged immobility observed in our
study may represent gut inflammation-associated major depression which was measured by
the tail suspension and forced swimming tests in other studies [131, 132]. More importantly,
the long-lasting attenuation in locomotor activity could be attributed to brain responses due
to intestinal dysbiosis in AgpVL-G+ versus WT mice basally or resulting from DSS
treatment [43, 45-47, 133]. Additional behavioral assessments (movement-limited) and
microbiome studies may help to further understand the differences observed. For example,
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an improved testing paradigm using a larger open field testing area may have provided a
different outcome [89].

Our hypothesis that intestinal dysfunction can manipulate AD related brain changes was
only partially supported. We did observe an increase in Ap plaques although this did not
correspond with robust changes in brain cytokines or Iba-1 and GFAP markers of gliosis in
AppNE-GF mice. Instead, we found a robust decrease in CD68 immunoreactivity in the DSS
treated AppVL-G-F mice. It is unknown why the increase in plague load and AB levels due to
DSS treatment did not correlate with increased levels of the proinflammatory cytokines,
TNF-a, IL-1B, or IL-6. It is our assumption that changes in brain levels of these cytokines
is, in part, due to secretion by glia. Perhaps it is not surprising that DSS treatment did not
lead to changes in levels of these cytokines given the lack of increase in markers of gliosis
following DSS treatment. This suggests a disconnect between the amyloid deposition and
gliosis/cytokine levels in the mice. We expected to observe increased Iba-1, CD68, and
GFAP immunoreactivity after DSS treatments as these are commonly used markers for
indicating plaque-associated gliosis. It could be that the robust plaque deposition of the
AppVE-GF line results in a saturation of observable microgliosis and astrocytosis
immunoreactivity at the ages used and the minor but significant changes in Ap plaques is
insufficient to elicit a quantifiable change in gliosis and subsequent cytokine changes.
Another possibility could be limited sensitivity of our quantitation method, which might
only be appropriate to distinguish changes in WT mice that lack the high basal level of
microglia and astrocyte immunoreactivities. It could also be that glial immunoreactivity
changes in the AppVL-G- line were transient and no longer observable during the delayed
collection paradigm of 3 weeks post-treatment that we employed. For instance it has been
reported that Iba-1 protein levels increased in the hippocampi of 2-month old C57BL/6
females sacrificed 2 days after acute 3% DSS treatment while chronic administration of DSS
led to an increase in hippocampal GFAP protein levels with no effect on Iba-1 levels
compared to controls [49]. In contrast, another report demonstrated a decrease in GFAP with
no significant difference in Iba-1 levels in hippocampi of 6-8 weeks C57BL/6J male mice
following 7 days of 2.5% DSS exposure versus controls [134]. Somewhat in agreement with
our microglial changes, Iba-1 and CD68 immunoreactivity were reduced in a region-specific
manner due to 2% DSS treatment in the hippocampi of adult C57BL/6N males in another
report [135]. A more extensive time course profiling of cytokine changes, microglial and
astrocyte phenotype markers is clearly required following DSS treatment of App/VL-G-+
mice. Additionally, a more robust colitis paradigm, an unbiased single cell sequencing
analysis, or more sensitive quantitation methods to count the numbers and quantify the
morphology of plaque-localized microglia or astrocytes might also help clarify whether glial
behavior is altered due to colitis-like inflammation.

Conclusion

Taken together, our study suggests that colitis-like inflammation induced by DSS treatment
was sufficient to induce long-lasting changes in brain AB levels, plagque deposition, and a
select marker of microglial phenotype, CD68 immunoreactivity, in the AppVt-G-* mouse
model of AD. Temporal immune, neuronal, and glial characterization of brain changes
during repeated intestinal inflammatory bouts early and later in life to model different onsets
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of human intestinal disease will provide information regarding whether intestinal
inflammation can alter the rate or severity of AD in mice. In addition, identifying the
crosstalk mechanisms of communicating intestinal dysfunction to the brain whether it is
microbiome, endocrine, immune, or nervous related may identify means of attenuating the
peripheral contribution to AD.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Schematic of the experimental design and timeline of DSS treatments and different

assessments. 2% DSS was dissolved in the drinking water and fed ad /ibitumto male
C57BL/6 WT and App’VL-G+ mice (AD mouse model) at 6-10 months of age for 2 cycles of
three days each. DAI was scored from 1 day pre exposure to 2 days post exposure during the
second bout of DSS treatment. The percentage of body weight loss was calculated starting
from the second DSS treatment untill the week of euthanasia. On week 7, 12 days after
exposure of DSS, mice were tested for behavioral functions. On the following week, brain,
colon, and spleen tissues were collected in order to examine the effect of gut integrity
disruption during the inflammation resolving phase
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Fig. 2.

DSS treatment induced symptomatic parameters of colitis-like disease in both genotypes
compared to controls. (A, B) DAI was monitored on day 0, during the second cycle of
2%DSS (3 days), and 2 days post DSS exposure in both DSS and vehicle treated groups per
genotype, (*p<0.05, ""p<0.01, **p<0.001, ***p<0.0001 vehicle treated groups vs. DSS
treated groups per genotype comparing on the same day, two-way ANOVA multiple
comparisons followed by uncorrected Fisher’s LSD test indicate WT DAI F (5, 96) = 15.17
and p (interaction) <0.0001; AppVL-CF DAI F (5, 108) = 5.272 and p (interaction)= 0.0002,
mean + SEM, n=9-10 animals). (C, D) the percentage of body weight (%BW) changes was
calculated during the second DSS exposure untill the week of tissue collection per each
treatment groups per genotype, (*p<0.05, **p<0.01, **"p<0.001, ***p<0.0001 vehicle
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treated groups vs. DSS treated groups per genotype comparing on the same day, Two-way
ANOVA multiple comparisons followed by uncorrected Fisher’s LSD test indicate WT
%BW F (9, 160) = 6.897 and p (interaction) <0.0001; AgoNL-CF %BW F (9, 180) = 4.798
and p (interaction) <0.0001, mean + SEM, n=9-10 animals). (E-G) Spleen and colon
weights as well as colon length were measured from WT and AppVL-G* mice to indicate
colonic inflammation, (*p<0.05, **p<0.01, **p<0.001, Unpaired two-tailed t-test indicate
WT spleen weight t(14)=3.007 and p=0.0094; AppVL-C-F spleen weight t(16)=2.741 and
p=0.0145; WT colon weight t(12)=5.591 and p=0.0001; App’VL-G-* colon weight
t(18)=2.215 and p=0.0399; WT colon length t(16)=4.589 and p=0.0003; App’VL-G-* colon
length t(18)=1.614 and p=0.1239, mean + SEM, n=7-10 animals).
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Fig. 3.

DSS treatment resulted in colonic inflammation in both WT and AgoVL-C- mice. (A, B)
Representative H&E and Alcian blue staining of cross-sectional Swiss-rolls from the distal
colon are shown with 10X and 20X magnifications. Histological examination of H&E
staining was performed by scoring (C) inflammation, (D) mucosal hyperplasia, and (E) total
histology lesions to indicate the extent and severity of inflammation as well as reduction of
goblet cells in colon sections of DSS treated vs. vehicle groups in both genotypes, (*p<0.05,
****p<0.0001, unpaired two-tailed t-test indicate WT inflammation score t(6)=11 and
p<0.0001; AppNL-GF inflammation score t(6)=1.200e+025 and p<0.0001; WT mucosal
hyperplasia score t(6)=3 and p=0.0240; AppVL-C-* mucosal hyperplasia score t(6)=8.000e
+024 and p<0.0001; WT total histology score t(6)=12.12 and p<0.0001; AppNE-C-F total
histology score t(6)=2.000e+025 and p<0.0001, mean + SEM, n=4 Swiss-rolls/condition/
genotype animals).
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Fig. 4.

DgS treatment led to infiltration of macrophages and increased levels of an inflammatory
marker in the colon. (A) Representative anti-CD68 immunostaining of cross sectional Swiss-
rolls of the distal colon are shown with 10X and 20X magnifications. (B) CD68 mean
optical density was measured using colon sections of DSS treated vs. vehicle groups in both
genotypes, (*p<0.05, *"p<0.01, unpaired two-tailed t-test indicate WT CD68 t(6)=3.547 and
p=0.0121; AppNL-G+ CD68 t(6)=5.112 and p=0.0022, mean + SEM, n= 4 Swiss-rolls/
condition/genotype). (C) The changes in lipocalin-2 levels, as an anti-microbial siderophore-
binding peptide involved in IBD, were assessed to determine the extent of intestinal
inflammation in both the WT and AD mouse model following DSS exposure, (*"p<0.001,
****p<0.0001, unpaired two-tailed t-test indicate WT lipocalin-2 t(14)=9.931 and p<0.0001;
AppVL-G-Flipocalin-2 t(14)=4.151 and p=0.0010, mean = SEM, n=8 animals).
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Fig. 5.

DSS treatment decreased mobility of App’VE-GF mice in both OF and CM tests. (A) General
locomotor activity or anxiety-like behavior was assessed by quantifying the distance
traveled, time spent in the center as well as time mobile using the OF test, (*p<0.05,
unpaired two-tailed t-test indicate WT distance traveled t(14)=0.3041 and p=0.7655;
AppNE-GF distance traveled t(18)=2.469 and p=0.0238; WT center time t(14)=1.192 and
p=0.2531; AppNL-G-F center time t(18)=0.3665 and p=0.7182; WT time mobile
t(14)=0.8874 and p=0.3898; AppNL-C-F time mobile t(18)=2.553 and p=0.0200, mean +
SEM, n=8-10 animals tested at 8—-12 months of age). (B) Total entries (locomotion) and
percentage of alternations in different arms of the CM test were quantified to evaluate
working memory in both genotype vehicle and DSS treated groups, ("p<0.001, unpaired
two-tailed t-test indicate WT total entries t(14)=0.3129 and p=0.7590; App’VL-C-F total
entries t(18)=4.782 and p=0.0001; WT %alternations t(14)=0.1080 and p=0.9155;
AppVL-GF opalternations t(18)=1.243 and p=0.2299, mean + SEM, n=8-10 animals tested at
8-12 months of age).
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Fig. 6.

DgS treatment elevated hippocampal and temporal cortex A levels in AgoVE-C-F mice. (A,
C) Immunohistochemistry was performed on both WT and App™VL-C-* brains using anti-Ap
antibody. Representative hippocampi and temporal cortices are shown with 4X and 20X
magnifications. (B, D) Mean optical density value was measured using 3 sections of
hippocampus or temporal cortex/mouse/condition, (*p<0.05, **p<0.001, unpaired two-
tailed t-test indicate AppVL-G-* hippocampus AB t(13)=4.821 and p=0.0003; AppVL-G-+
temporal cortex AP t(13)=2.969 and p=0.0109, mean = SEM, n=7-8 animals). (E)
Hippocampi, collected from vehicle and DSS treated WT and AppVL-C* mice, were lysed
to perform ELISAs for human insoluble AP1_40/42 and soluble AB1_4¢/42, (*p<0.05,
unpaired two-tailed t-test indicate AgVL-C-F insoluble AB1-42 t(13)=2.672 and p=0.0192;
AppVE-GF soluble AB1-45 t(13)=1.127 and p=0.2799; App’L-C-F insoluble AB1-49
1(13)=2.644 and p=0.0203; AppNL-C-F soluble AB1-49 t(13)=1.294 and p=0.2182, mean +
SEM, n=8 animals).
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Fig. 7.

Dgs treatment reduced microglia phagocytic phenotype in ApoVL-G-F mice but altered
microgliosis and astrocytosis in wild types. Immunohistochemistry was performed on both
WT and AppVE-GF brains using anti-GFAP, Iba-1, and CD68 antibodies. Mean optical
density was measured using 3 hippocampal sections/mouse/condition. Representative
hippocampi are shown with 4X and 20X magnifications, (*p<0.05, unpaired two-tailed t-test
indicate WT GFAP t(14)=2.289 and p=0.0381; AppNL-G-F GFAP t(13)=0.4900 and
p=0.6323; WT Iba-1 t(8)=2.533 and p=0.0351; ApgpL-C* Iba-1 t(8)=0.4805 and p=0.6438;
WT CD68 t(8)=0.8152 and p=0.4386; App’VL-C-* CD68 t(9)=2.606 and p=0.0285, mean *
SEM, n=5-9 animals).
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Brain IL-6 levels did not change due to DSS treatment. Parietal cortices collected from
vehicle and DSS treated WT and AppVL-G+ mice and were lysed to quantify the protein
levels of IL-6 by ELISA, (unpaired two-tailed t-test indicate WT IL-6 t(13)=1.169 and
p=0.2635; AppNL-G-F1L-6 t(13)=0.06440 and p=0.9496, mean + SEM, n=8 animals).
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Fig. 9.

DgS treatment did not alter APP, BACE, and Cox-2 protein levels. (A) Hippocampal lysates
from vehicle and DSS treated WT and ApoVL-C-F mice were western blotted to (B) quantify
changes in APP, BACE, and Cox-2 levels using a-tubulin as the loading control, (unpaired
two-tailed t-test indicate WT APP t(13)=0.09965 and p=0.9221; AppVL-G-* APP
t(14)=1.111 and p=0.2855; WT BACE t(13)=0.6603 and p=0.5206; AgpVL-G-- BACE
t(14)=0.1222 and p=0.9045; WT Cox-2 t(13)=0.9480 and p=0.3604; AppNL -G+ Cox-2
t(14)=0.6723 and p=0.5124; mean + SEM, n=8 animals).
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Table 1.

Animal numbers and age at beginning of the experiment.
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Gender Genotype Age at the beginning of the Genotype Age at the beginning of the
Experiment Experiment
Male Wild Type Vehicle 7-8 month-old Wild Type DSS (n=11) 6-7 month-old
(n=9)
Male AppN--G-F vehicle 9-10 month-old AppNL-GF DSS (n=10) 10 month-old
(n=10)
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Disease activity index (DAI) score performed to assess the colitis induced by DSS.

Table 2.

Score  Weight loss (%)  Stool consistency  Occult/gross bleeding
0 WI < 1% Normal Normal
1 1% < WI < 5% +
2 5% < WI < 10% Loose stool ++
3 10% < WI < 20% +++
4 WI = 20% Diarrhea Gross bleeding
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