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Effect of chronic stress on gel-forming mucins in the small
intestine of BALB/c mice
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Intestinal homeostasis involves the collaboration of gut barrier components, such as goblet cells and IgA—microbiota
complexes, that are under the control of stress that promotes inflammatory responses addressed primarily in the co-
lon. The aim of this study was to evaluate the effect of stress on mucins, goblet cells, and proinflammatory parameters
in the proximal and distal regions of the small intestine. A group (n = 6) of female 8-week-old BALB/c mice under-
went board immobilization stress (2 h per day for 4 days) and were sacrificed with isoflurane. Samples from proximal
and distal small segments were collected to analyze the following: 1) goblet cells stained with periodic acid-Schiff
(PAS) and with alcian blue (AB) to visualize histologically neutral and acidic mucins, respectively; 2) IgA—microbiota
complexes identified by flow cytometry in intestinal lavages; and 3) MUC2, MUC5AC, and IL-18 mRNA levels in
whole mucosal scrapings by reverse transcription—qPCR. Regarding the unstressed group, in the proximal region of
small intestine both PAS+ and AB+ goblet cells were unchanged; however, MUC5AC and IL-18 mRNA levels were
increased, and the percentage of IgA—microbiota complexes was reduced. In the distal segment, the number of PAS+
goblet cells was increased, whereas the number of AB+ goblet cells was reduced and did not affect the remaining
parameters. The data suggest that stress induces inflammation in the proximal small intestine; these findings may
provide an experimental reference for human diseases that may affect the proximal small intestine, such as Crohn’s
disease, in which stress contributes to the progression of intestinal inflammation or relapse.

immobilization stress, alcian blue, mucin 2, mucin 5AC, interleukin-18, IgA—microbiota complexes

INTRODUCTION

The intestinal barrier helps maintain intestinal homeostasis by
allowing the selective entry of molecules through the epithelial
monolayer to the inner milieu [1]. Proper functioning of the in-
testinal barrier entails the mucus layer that overlies the luminal
surface of the epithelial monolayer; mucus blocks direct contact
between the microbiota and the epithelial cell surface to prevent
potential inflammatory responses resulting from signaling path-
ways triggered by the interaction of microbial molecules with in-
nate receptors [2]. Mucus is secreted by goblet cells, whose num-
ber is greater in the colon than in the small intestine [3]. Mucus

is composed of gel-forming mucins, such as mucin 2 (MUC2),
which is secreted in the small intestine and colon, and MUC5AC,
which is secreted prominently in the stomach [4]. In the proximal
small intestine, mucus is present as a monolayer loosely attached
to the epithelial surface. In the colon, mucus comprises a bilayer,
one of which is firmly attached to the epithelial surface and cov-
ered by a loosely attached monolayer that directly contacts the
luminal microbiota [4]. Mucus acts as a sticky matrix in which
immunoglobulin A (IgA), an anti-inflammatory effector of mu-
cosal immunity, is secreted [2,4]. Both IgA and the microbiota
are more abundant in the colon than in the small intestine; these
components form IgA—microbiota complexes that favor luminal
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clearance to ameliorate potential inflammatory responses [5-7].
In fact, IgA—microbiota complex levels are increased in some
diseases, such as diarrhea-predominant irritable bowel syndrome
[8]. The intestinal epithelial monolayer has different functions
and compositions, as well as divergent neuroendocrine frame-
works in the small intestine and colon [9]. Growing evidence
has shown that stress disrupts the interactions of microbiota
with mucus, favoring inflammatory conditions in the intestinal
environment through the activation of signaling pathways, thus
resulting in the release of stress hormones [10]. Unlike the large
number of studies focused prominently on the colon, only a few
assays based on a murine model of restraint stress [11-13] have
analyzed mucin production and goblet cell numbers in the proxi-
mal and distal small intestine in response to stress. This approach
may unveil the underlying mechanisms through which stress al-
ters the function or structure of goblet cells and mucins in each
segment of the small intestine. In this study, we aimed to evaluate
gel-forming MUC2 and MUCS5AC and goblet cells in terms of
regionalization of the small intestine in mice subjected to chron-
ic immobilization stress. The data suggest that stress induces in-
flammation in the proximal small intestine; these findings may
provide an experimental reference for human diseases that may
affect the proximal small intestine, such as Crohn’s disease, in
which stress contributes to the progression of intestinal inflam-
mation or relapse.

MATERIAL AND METHODS

Animals

Groups of 6-week-old female BALB/c mice were obtained from
the Unidad de Produccién y Experimentacion de Animales de
Laboratorio (UPEAL), Universidad Auténoma Metropolitana
Unidad Xochimilco (UAM-X). Mice were adapted to the en-
vironmental conditions for 2 weeks and housed in two groups
(control and stress) with six animals per cage at 22-24 °C and
with 55% relative humidity and a 12-h light/dark cycle (7:00
a.m./7:00 p.m.). The animals were fed a rodent diet (Labora-
tory Rodent Diet 5001, LabDiet) and purified water ad libitum.
Mice were cared for and handled according to the Mexican Fed-
eral Regulations on Animal Experimentation and Care (NOM-
062-200-1999) and the Ministry of Agriculture, Mexico City,
Mexico, following the established norms of the Organization and
Procedures of the Internal Committee for the Care and Use of
Laboratory Animals from UAM-X. This protocol was approved
by the CICUAL-UAM-X under register number 176 (DCBS.
CICUAL.007.2020).

Immobilization stress protocol

The protocol for board-immobilization stress was conducted as
previously described in detail [14]. In brief, at 8 weeks of age,
mice (n = 6) were immobilized on an expanded polystyrene board
in the prone position, holding all four limbs and the tail with
duct tape. First, the front legs were immobilized, then the pads of
the hind legs and, finally, the middle part of the tail. Cardboard
strips, like chewers, were placed over adhesive tape to prevent
self-inflicted injuries to the skin on the front leg. At the time of
the trial, free movement of each mouse’s head was allowed, and
whisker tearing was avoided. At the end of the 2-h immobiliza-
tion test, the adhesive tape was removed in the following order:
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tail, hind legs, and front legs. The model was repeated daily for 4
days, starting between 8:00 and 11:00 a.m. At the same time, the
control group (n = 6) was deprived of water and food during the
same period as the mice that were subjected to immobilization
stress. Two independent assays (n = 6 per group per assay) were
performed.

Biological samples

After the last period of stress, both groups of mice were weighed
and subsequently sacrificed via exposure to 300 pl of inhaled
isoflurane in a glass container. After that, the skin from the ab-
dominal region was cleaned with benzalkonium chloride and cut,
the peritoneal membrane was exposed, and the small intestine
was dissected. The reference points of the small intestine were
0.2 cm below the pylorus and 0.2 cm above the cecum. Subse-
quently, the small intestine was divided into two equal parts to
obtain the proximal and distal segments. Each intestinal segment
was washed with 1 ml of PBS, pH 7.4, and intestinal lavage was
used to identify the IgA—microbiota complex by flow cytometry.
Then, the intestine was everted and longitudinally cut to expose
the mucosa, which was scraped off with a glass slide and placed
in TRIzol to determine the gene expression of mucins by reverse
transcripion—qPCR (RT—qPCR). Total tissue from each intesti-
nal segment was stored in 10% formol PBS for histological anal-
ysis.

Histological analysis of goblet cells

Samples from both intestinal segments were fixed in 10% formol
PBS for 48 h, washed twice with 70% ethanol and then embed-
ded in paraffin for periodic acid-Schiff’ (PAS) staining to detect
neutral mucins and alcian blue (AB) staining to observe acid mu-
cins according to a previously described procedure with some
modifications [14].

Tor histological analysis, the samples were cut into 6 pm thick
slices, deparaffinized with xylene, rehydrated gradually by im-
mersion in solutions with a decreased ethanol concentration and
incubated in 0.5% PAS for 15 min. Afterward, the samples were
washed with distilled water, tap water and PBS, incubated with
Schift’s reagent for 10 min and then washed again as before. For
AB staining, the samples were washed with 3% glacial acetic acid
for 3 min, stained with AB solution for 2 h, washed, and subse-
quently transferred to 3% glacial acetic acid for 3 min. Both the
AB and PAS samples were stained with Harris hematoxylin as
a contrast dye for 5 and 10 min, respectively, before histological
observation.

The cell morphology was visualized via light microscopy (Ax-
iostar Plus, Carl Zeiss) using Lumenera Infinity Analyze and
Capture software v.6.5.4 (Lumenera, Microsoft Windows 10). To
measure the size and number of goblet cells, images were ana-
lyzed using Image-Pro Plus v.7.0 software (Media Cybernetics,
Microsoft Windows 10).

Analysis of the IgA-microbiota complex

The analysis of IgA—microbiota complexes was based on a mod-
ified protocol [15]. In brief, intestinal lavages in PBS were cen-
trifuged at room temperature and 9.2Xg for 5 min. The pellet
was recovered, suspended in 500 pl of thioglycolate broth (BD
Bioxon, BD Biosciences) and stored at —20 °C: until analysis. For
analysis, the samples were suspended in 2 ml of PBS, homoge-
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nized and filtered through a 100 pm-pore nylon membrane to
remove fecal aggregates from bacteria. After that, the samples
were washed by suspension in 1 ml of PBS and centrifuged at
9.2Xg for 5 min; the pellets were subsequently disaggregated and
fixed with 4% paraformaldehyde in PBS via overnight incuba-
tion at 4 °C. Subsequently, the samples were washed as before
and disaggregated in 50 pl of PBS, and 1 pl of FITC-conjugated
rat anti-mouse IgA monoclonal antibody (BD Pharmingen, BD
Biosciences) was added. The samples were incubated for 20 min
at room temperature and washed with PBS. The samples were
resuspended in 400 pl of PBS, and 5 pL of propidium iodide (PI)
(BD Pharmingen, BD Biosciences) were added before analysis
by flow cytometry. Sample analysis was conducted with a BD
FACSAria Fusion Flow Cytometer (BD 400, BD Biosciences) by
using BD FACSDiva v.8.0.2 acquisition and analysis software
(BD Biosciences, Microsoft Windows 10). In total, 10,000 events
were acquired from the gate, as shown in the forward scatter
(FSC)/side scatter (SSC) dot plot. The percentage (%) of IgA—
microbiota complexes was determined based on events with dou-
ble-positive staining (IgA-FITC+/PI+). Double-negative (PI—/
IgA—) or single-positive (PI—/IgA+ and PI+/IgA—) events were
excluded from analysis.

Relative mRNA expression of mucins and IL-18

The relative expression of MUC2, MUCSAC and interleukin-18
(IL-18) mRNA was evaluated by RT—qPCR, and mRNA was ex-
tracted from whole mucosa samples with TRIzol (TRI Reagent
RT, Molecular Research Center) according to the manufacturer’s
instructions.

Complementary DNA (cDNA) synthesis was performed using
a cDNA Synthesis Kit (Bio-Rad Laboratories) according to the
manufacturer’s instructions. PCR was performed in a thermal
cycler (Mastercycler gradient, Eppendorf, Brinkmann Instru-
ments) under the following conditions: priming for 5 min at 25
°C, reverse transcription for 20 min at 46 °C, and reverse tran-
scription inactivation for 1 min at 95 °C. The obtained cDNA
was stored at —20 °C for further analysis of mucin and cytokine
gene expression.

The primer sequences for MUC2, MUCSAC, IL-18 and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH), as a control
gene, were designed using genomic information available from
the National Center for Biotechnology Information (NCBI) with
the Primer Express program v.3.0.1 (Table 1).

For PCR, SsoAdvanced Universal SYBR Green Supermix
(Bio-Rad Laboratories) was used according to the manufacturer’s
instructions. The Applied Biosystem Step One Real-Time PCR
System (Step One system, Life Technologies) was used with the
following conditions: 1 cycle of 95 °C for 10 min, 40 cycles of 95

°C for 15 s and 60 °C for 23 s and 1 cycle of 95 °C for 15 s, 60
°C for 1 min and 95 °C for 15 s. The results are expressed as the
gascr

of each sample [16].

Statistical analysis

For statistical analysis, data from ten samples per group (histo-
logical and flow cytometry) or from six samples per group (RT

qPCR) were included. The results that fit the normality test
were analyzed with the parametric Student’s ¢-test; otherwise,
for data that did not fulfill the normality test, the nonparamet-
ric Mann—Whitney U or Wilcoxon test were applied. The data
were analyzed using GraphPad Prism statistical software v.8.0.1
(GraphPad Software). The results analyzed by Student’s t-test
were expressed as the mean * s.e.m.; the data analyzed with
Mann—Whitney U or Wilcoxon tests were expressed as the medi-
an (midline), 1* quartile (Q1) (bottom line), and 3™ quartile (Q3)
(top line); the minimum and maximum values; and the z-score. A
Pvalue < 0.05 was considered to indicate statistical significance.

RESULTS

Stress increased the number of PAS-stained goblet
cells only in the distal small intestine

Histological evaluation via PAS staining was performed to detect
neutral mucins. Figure 1 shows histological images of the prox-
imal intestinal region (Figure 1A,B) and distal intestinal region
(Figure 1C,D) of the small intestine from control and stressed
mice, as well as the number (Figure 1E,G) and size (Figure 1EH)
of goblet cells in both intestinal segments. The histological data
(mean * s.e.m.) indicated that, compared to those in the control
group, the number and size of the goblet cells in the stressed
mice were not significantly different in the proximal region (Fig-
ure 1E,F); however, in the distal region, stress led to a significant
increase in the number of goblet cells (control 16.89 £ 2.09 vs.
stress 23.80 + 2.27, P = 0.0403; Figure 1G) without altering their
size (Figure 1H).

Stress increased the number of AB-stained goblet
cells only in the distal small intestine

Histological evaluation via AB staining was performed to detect
acid mucins. Figure 2 shows histological images of the proximal
intestinal region (Figure 2A,B) and the distal intestinal region
(Figure 2C,D) of the small intestines of control and stressed mice.
Histological data (mean * s.e.m.) indicated that, with regard to
the control group, the number and size of the goblet cells in the

Table 1. Primer sequences for the RT-qPCR assay

Gene Forward (5">3") Temperature Reverse (5>3) Temperature
(°C) (°C)

GAPDH GAT GCC CCCATG TTT GTG AT 55.8 GGT CAT GAG CCC TTC CAC AAT 57.0

mucz GCT GTG TGC CCT TGG CTA AG 59.0 ATT GAC AGG TGT GGC CAATCA 571

MUC5AC  GTG ATG CACCCATGATCT ATTTTG 54.4 CTG CCA CCA GCCCAT TG 57.0

IL-18 AAA GAA AGC CGC CTC AAA CC 57.4 TTC CAG GTC TCCATT TTC TCC 54.7
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Figure 1. A-D, Histological analysis of goblet cells positive by PAS staining in the proximal and distal regions of the small intestine from
control and stressed mice (x40 magnification). Representative images of goblet cell distribution in villi and crypts in the proximal intestinal
regions of control (A) and stressed (B) mice and in the distal intestinal region of control (C) and stressed (D) mice. E-H, The number of goblet

cells or villi stained with PAS (a marker of neutral mucins) in the proximal (E) and distal regions (G), and the size of the goblet cells (um) in the
proximal (F) and distal regions (H). The data represent the mean + s.e.m. from two independent assays; *P < 0.05; ns, not significantly different
(Student’s t-test).

stressed mice did not significantly differ in the proximal region
(Figure 2E,F); nevertheless, in the distal region, the number of
goblet cells significantly decreased (control 25.40 + 2.93 cells vs.
stress 18.11 £ 0.87 cells, P = 0.0366; Figure 2G), and no changes
in the size of the cells were observed (Figure 2H).

Stress increased MUC5AC mRNA expression only in
the proximal small intestine

Analysis of mucins in the proximal region (Figure 3) demonstrat-
ed that MUC2 mRNA expression was not significantly modified
in the stressed group compared with the control group (Figure
3A), but MUC5AC mRNA expression was significantly increased
(z-score = —2.36, P = 0.0156; Figure 3B). In the distal region,
the expression of MUC2 and MUC5AC mRNAs was unaffect-
ed in the stressed mice compared with the control group (Figure
3C,D). The quantitative results of all the groups (z-score, P value,
median, maximum and minimum values) are shown in Table 2.

Stress increased IL-18 mRNA expression only in the
proximal small intestine

Analysis of IL-18 mRNA expression (Figure 4) showed that, com-
pared with those in the control group, the IL-18 mRNA levels in
the stressed mice were greater in the proximal region (z-score =
—2.36, P =0.0115; Figure 4A), but an apparent increase was ob-
served in the distal region (Figure 4B). The quantitative results of
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all the groups (z-score, Pvalue, median, maximum and minimum
values) are shown in Table 2.

Stress decreased the percentage of IgA-microbiota
complexes only in the proximal small intestine

To evaluate the effect of stress on the formation of IgA—microbi-
ota complexes, flow cytometry analysis was performed (Figure 5).
The results showed a lower percentage of IgA—microbiota com-
plexes in the proximal region in stressed mice compared to the
control group (z-score = 2.61, P = 0.0065) (Figure 5A). Nonethe-
less, in stressed mice, no significant differences in the percentage
of complexes were found with respect to the control group in the
distal region (Figure 5B).

DISCUSSION

According to these findings, in this study, we revealed the dif-
ferential effects of stress on biomarkers in the proximal versus
distal small intestine. These findings may reflect the regionalized
distribution of neurotransmitters and stress hormones derived
from neuronal and non-neuronal cells that drive regulatory path-
ways [4,9,10,17]. Data from the distal region of the small intes-
tine showed that chronic stress increased the number of goblet
cells that were positively stained with PAS to detect neutral mu-
cins; these findings may reflect an early transitory increase in the
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Figure 2. A-D, Histological analysis of goblet cells positive for AB staining in the proximal and distal regions of the small intestine from
control and stressed mice (x40 magnification). Representative images of goblet cell distributions in villi and crypts in the proximal intestinal
regions of control (A) and stressed (B) mice and in the distal intestinal region of control (C) and stressed (D) mice. E-H, The number of goblet
cells or villi positive for AB (used as a marker of acid mucins) in the proximal (E) and distal regions (G), and the size of goblet cells (um) in the

proximal (F) and distal regions (H). The data represent the mean * s.e.m. from two independent assays; *P < 0.05; ns, no significant difference
(Student’s t-test).
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Figure 3. A-D, Relative Muc2 mRNA expression in the proximal (A) and distal (C) regions and Muc5ac in the proximal (B) and distal (D)

regions of the small intestine from control and stressed mice. The data in box and whisker formats show the median, 1* quartile (Q1) (box bot-
tom line), 3 quartile (Q3) (box top line), and minimum and maximum values (whiskers). *P < 0.05; ns, no significant difference (Wilcoxon’s test).

goblet cell count. This assumption is based on kinetic assays in goblet cells in the ileum of mice under restraint stress [12]. The
which stress reduced the number of the PAS+ goblet cells; how- presumed mechanism through which stress reduces the number of
ever, mucin levels increased after 3 days post stress but decreased goblet cells involves both stress-induced muscarinic signaling path-
thereafter 5 days post stress, as documented in the colons of rats way activation and the release of mediators from stress-induced

that underwent chronic restraint stress [18]. mast cell degranulation [18]. Some muscarinic receptors provide

Chronic stress induced a decrease in the number of goblet cells signals that inhibit goblet cell turnover by blocking the differenti-
stained with AB in the distal segment; this stain was used to visual- ation and proliferation of pluripotential Lgr5+ stem cells locat-
ize acidic mucins. Stress leads to a decrease in the number of AB+ ed at the crypt base [19,20]. Interestingly, the impact of stress on
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reducing goblet cell numbers involves suppression of the Notch
pathway; the latter determines the differentiation of components
of the epithelial monolayer from stem cells [21].

The present study revealed that stress induced an apparent in-
crease in MUC2 mRNA in the proximal small intestine without
affecting MUC2 mRNA in the distal region. As previously docu-
mented in mice, chronic restraint stress induces an apparent in-
crease in MUC2 mRNA levels in the duodenum or a decrease in
the ileum [12]. MUC2 is expressed throughout the entire length
of the intestinal tract and is critical to intestinal homeostasis [4].
The divergent effects of stress on goblet cells and MUC2 expres-
sion in the proximal and distal regions of the small intestine may
result from muscarinic receptors that exhibit regionalized expres-
sion in the intestinal tract and provide signals that differentially
modulate goblet cell turnover [19,20].

Although the effect of stress on upregulated MUC2 RNA ex-
pression in the proximal segment was apparent in the present
study, increased MUC2 mRNA expression may reflect a protec-
tive response against the proinflammatory environment induced
by stress; this idea is based on stress-induced increases in the IL-
18 mRNA level only in the proximal region. Previous studies in-
volving mice subjected to long-term isolation indicated that stress

induced a decrease in MUC2 mRNA along with an increase in IL-
18 mRNA in the rectum; furthermore, stress upregulated MUC2
mRNA expression, although it also increased /L-78 mRNA levels
in the colon [22]. Thus, the interplay between MUC2 mRNA
and /L-18 mRNA in the proximal small intestine needs to be
addressed in future assays.

MUCSAC is prominently expressed in the gastric mucosa,
where it plays a protective role [17]. In experimental models of
acute stress, MUC5AC mRNA expression was decreased in the
gastric mucosa [23], but acute or chronic stress did not affect
MUCS5AC mRNA in any region of the small intestine [12,24]. In
the present study, chronic stress upregulated MUC5AC mRNA
expression only in the proximal segment. Increased MUCSAC
expression in the intestine is regarded as a mechanism of pro-
tection under conditions of intestinal inflammation [25]. In this
work, the parallel increase in JL-718 and MUC5AC mRNA levels
only in the proximal small intestine may suggest an underlying
inflammatory response induced by stress. MUCI4AC mRNA ex-
pression can be upregulated in some diseases in which stress is a
contributing factor to inflammatory pathologies such as Crohn’s
disease [26], which affects the proximal small intestine, although
most commonly the ileum and colon [27].

Table 2. Relative mRNA expression of mucins and /L-18 in the proximal and distal intestinal segments

Proximal intestinal segment

Median (range)

z-score Pvalue
Control Stress
mMuc2 1(1-1) 3.41(2.22-7.51) -2.026 0.0625
MUC5AC 1(1-1) 6.36 (1.03-45.74) -2.360 0.0156
IL-18 1(1-1) 1.79 (1.05-3.07) -2.360 0.0115
Distal intestinal segment
Median (range)
z-score Pvalue
Control Stress
mMucz 1(1-1) 0.30 (0.16-3.78) -0.169 0.9375
MUC5AC 1(1-1) 13.0 (6.15-19.57) -2.022 0.0625
IL-18 1(1-1) 115 (0.61-3.05) -1.014 0.2136
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Figure 4. A,B, Relative mRNA expression of proinflammatory IL-
18 in the proximal (A) and distal (B) regions. The data in box and
whisker formats show the median, 1t quartile (Q1) (box bottom line),
34 quartile (Q3) (box top line), and minimum and maximum values
(whiskers). *P < 0.05; ns, no significant difference (Wilcoxon’ test).

Figure 5. A,B, Percentage (%) of IgA complexes in the proximal (A)
and distal (B) regions. The data in box and whisker formats show
the median, 1t quartile (Q1) (box bottom line), 3 quartile (Q3) (box
top line), and minimum and maximum values (whiskers). *P < 0.05;
ns, no significant difference (Mann-Whitney U-test).
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Clonsidering their pivotal role in intestinal homeostasis [5—7],
the analysis of IgA-microbiota complexes revealed that their
abundance was reduced in the proximal small intestine or unaf-
fected in the distal region following stress. The findings on IgA—
microbiota generation may reflect the changes in the pattern of
MUCQC?2 glycosylation that drive the flattening and loss of adhe-
siveness for bacteria induced by stress [28,29]. Moreover, stress
favors the direct contact of luminal bacteria with the epitheli-
al surface, thus eliciting an inflammatory response, as has been
documented in an experimental model of chronic stress in rats
[30]. The proximal region of the small intestine contains a lower
microbiota density [7]; therefore, in this region, IgA-microbiota
complexes have a critical role in counteracting the inflammatory
response induced by the direct interaction of bacteria with the
epithelial cell monolayer [5]. According to the findings of this
study, a decrease in IgA—microbiota complexes along with an in-
crease in MUCSAC and IL-18 mRNA expression suggests that
stress promotes a proinflammatory environment in the proximal
segment of the small intestine; the underlying mechanism may
entail contact between the microbiota and the epithelial surface,
which drives inflammatory pathways via innate Toll-like receptor
signals. In this study, sampling of whole mucosal scrapings from
proximal and distal regions to evaluate the outcome of stress on
IgA—microbiota complexes associated with the epithelium was
not assessed. This aspect may be addressed in a future contribu-
tion owing the divergent effect of stress on the microbiota located
at the mucosal epithelium versus the luminal-associated micro-

biota [31].

CONCLUSION

The effect of chronic stress on goblet cell cellularity occurred
only in the distal segment and did not affect the proximal region;
moreover, the impact of stress on upregulating both MUC5AC
and /L-18 mRNA expression or reducing the number of IgA—
microbiota complexes suggested a prominent proinflammatory
outcome in the proximal segment of the small intestine. These
findings may provide an experimental reference for human dis-
eases that can affect the proximal small intestine, such as Crohn’s
disease, in which stress contributes to the progression of intestinal
inflammation or relapse. Finally, the data provide insights into
pharmacologic interventions to control the proinflammatory ef-
fect of stress on intestinal barrier dysfunction in the proximal and
distal small intestine segments.
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