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ABSTRACT

Slow transit constipation (STC) is a gastrointestinal disorder that adversely affects the quality of life. MicroRNAs
are involved in the pathogenesis of functional gastrointestinal disorders. This study aims to investigate the
molecular mechanism of microRNA-128 in STC. Here, we successfully constructed a murine model of STC based
on morphine and rhubarb. The expression of stem cell factor (SCF) and neuron-specific enolase (NSE) were low
in the models. Using miRNA array and bioinformatic analysis, we predicted and confirmed the expression of
miR-128 and its downstream target genes in STC model. Compared to the control group, STC group showed a
significant downregulation of miR-128 and upregulation of p38a and macrophage colony stimulating factors
(M-CSF). Moreover, we observed elevated inflammatory cytokine and decreased anti-inflammatory cytokine
levels in colonic tissues. Furthermore, co-culture assays indicated that regulating expression of miR-128 in
colonic epithelial cells induced the secretion of IL-6 and TNF-a by macrophages. In conclusion, our study
demonstrated that miR-128 regulated the p38a/M-CSF signaling pathway to promote chronic inflammatory
responses and changes in the immune microenvironment of the colon, thereby offering potential insights into
the pathogenesis of STC and therapeutic targets for its treatment.

INTRODUCTION In particular, slow transit constipation (STC) is a

common type of chronic intractable constipation
Chronic constipation is a functional gastrointestinal characterized by delayed colonic transit and accounts
disorder that severely affects the physical and mental for 10.3% to 43.5% of all chronic constipation cases [1].
health, and quality of life of people in modern societies. Research shows that STC might play a pivotal role in
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the onset of disorders, such as colorectal cancer,
cardiovascular and cerebrovascular disease, Alzheimer's
disease, bowel obstruction, rectal prolapse, and anal
fissure [2-6]. However, the mechanisms associated with
STC pathogenesis have not yet been fully elucidated,
and the current chronic constipation-treatments suffer
from the drawbacks such as long treatment duration and
poor overall therapeutic effects.

MicroRNAs (miRNAs) are a class of small noncoding
RNAs that play essential roles in many physiological and
pathological processes, including inflammation and cell
proliferation. miRNAs (including miR-128) have been
shown to be involved in the pathogenesis of functional
gastrointestinal disorders via the regulation of the
morphologies and functions of interstitial cells of Cajal
(ICCs) and smooth muscle cells (SMCs) in the intestinal
tract [7-9]. In our previous study, we performed gene-
expression analysis of miR-128 in the colonic tissues of
STC patients. We found that the expression of miR-128
and miR-129-3p were significantly downregulated in the
STC colonic tissue. In addition, miR-128 expression was
significantly positively correlated with c-kit (CD117) and
smoothelin levels and significantly negatively correlated
with the number of inflammatory cells. Therefore, we
speculated that changes in miR-128 expression in the
colonic epithelium might be associated with STC
pathogenesis [10].

There has been an increasing interest in the role of
inflammation and inflammatory cells in the
pathogenesis of gastrointestinal motility disorders
worldwide. Numerous studies on gastrointestinal
disorders in patients and animal models have revealed
that cytokines [e.g., tumor necrosis factor (TNF)-o,
interleukin  (IL)-6 and monocyte chemoattractant
protein-1  (MCP-1)] secreted by macrophages
(especially submucosal resident macrophages) and mast
cells after infiltration and activation in the
gastrointestinal tract can directly or indirectly damage
the ICCs or SMCs in the gastrointestinal tract, thereby
aggravating the gastrointestinal motility impairment or
disorder [11-14]. The number of infiltrating
inflammatory cells (including macrophages and mast
cells) is significantly higher in the colonic tissue of
patients with STC than that in the normal colonic tissue.
In our previous study, we found a decreased ICC count
and increased macrophages infiltration in the
submucosal border of the circular muscle layer and the
internal circular muscle layer of colonic tissue samples
of patients with STC. Additionally, increased
macrophage-colony  stimulating  factor (M-CSF)
expression and the negative correlation between
macrophage number and miR-128 expression were
indicative of inflammatory cell infiltration in the
colonic tissues of patients with STC [10].

In the present study, we investigated whether M-CSF is
regulated by miR-128 and elucidated the mechanisms
involved in the expression and regulation of
inflammatory cytokines in the STC colonic tissue.

RESULTS

Successful construction of cathartic colon STC
model

The barium enema experiment confirmed the presence
of significantly slower colonic transit (p < 0.05; Figure
1A, 1B) in the rhubarb and morphine+rhubarb groups.
Compared with the saline group, mice that only
received subcutaneous injections of morphine also
exhibited a delay in colonic transit. This represented a
case of morphine simulation of gastrointestinal
disorders similar to that observed in case of chronic
laxative use by STC patients.

Additionally, comparisons of the gross appearance and
water content of stool samples collected from the mouse
models revealed that the morphine+rhubarb group had
significantly drier and smaller stools with a significantly
lower water content compared to the morphine group
(Figure 1C). Taken together, we have successfully
established a cathartic STC mouse model based on
morphine and rhubarb.

Hematoxylin and eosin (HE) staining of colonic tissues
(Figure 2A) revealed that the morphine group exhibited
clear structures in the various colonic tissue layers, and
regular and organized arrangement of muscle fibers,
which did not differ significantly from the saline group.
However, both the rhubarb  group and
morphine+rhubarb group exhibited thinner circular
muscle-layer structures and poor structural damage in
the colonic mucosal tissue relative to the saline group
(Figure 2A). As the characteristics of the
morphine+rhubarb group were more similar to the
characteristics of disease progression observed in
patients with STC, we defined the morphine+rhubarb
group as the STC group and the morphine group as the
control group for subsequent analyses.

Enteric nerve injury in the STC model

Stem cell factor (SCF) was used as the marker for slow
wave-generating ICCs in the gastrointestinal tract and
neuron-specific enolase (NSE) was a key marker of the
enteric nervous system (ENS). In our cathartic colon
model, both protein and gene-expression levels of NSE
and SCF were significantly decreased in the STC group
as compared with those in the morphine group (p <
0.05; Figure 2B-2D). Additionally, the expression of
ICC marker TMEM16A decreased in the submucosal
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border (SMB) of the circular muscle layer, and the
internal circular muscle (CM) layers in STC group
(Supplementary Figure 2). Taken together, decreased
ICC count and developmental and functional disorders
of the ENS were observed in the cathartic colon model.

Decreased miR-128 expression and prediction of
downstream target genes in the STC model

Changes in miRNA expression in the morphine and
STC groups were measured using the miRNA array.
The expression of 12 miRNAs was downregulated
(including miR-193a-5p) and that of 45 miRNAs was

upregulated (including miR-134-5p) (Figure 3D).
Subsequent gPCR revealed that miR-128-2-5p
expression in the STC group was significantly
decreased compared to that in the morphine group
(p<0.05; Figure 3C). These results confirmed the
downregulation of miR-128-2-5p in the STC mouse
model, a result that is consistent with our previous
findings in STC patients.

To predict the downstream target genes of miR-128, we
analyzed five miRNA databases (i.e., TargetScan,
PicTar, miRanda, microT, and miRmap); 264, 676,
1439, 1138, and 1319 target genes were identified using
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Figure 1. Construction of cathartic colon mice models. (A) anatomical appearance of four groups. I saline group, /I: morphine group, /Il
rhubarb group, IV morphine+rhubarb group; Red A vermiform appendix, Red B rectum, Red C anus. (B) measurement of stool-transit distance
after barium enema examination. / saline group (a) vs morphine group (b), /I saline group (a) vs rhubarb group (b), /ll morphine group (a) vs
morphine+rhubarb group (b), /V measurement of stool-transit distance; the forceps show the positions of transit barium, *p<0.05, versus
saline group; #p<0.05, versus morphine group. (C) collection of stool samples. | appearance of stools in morphine group(L) and
morphine+rhubarb group (R), // dynamic changes of the moisture content of stools in 65° C oven.
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TargetScan, PicTar, miRanda, microT, and miRmap,
respectively. A Venn diagram revealed that 56 target
genes [including mitogen-activated protein kinase
(Mapk)14] were common across all five databases
(Figure 3A). Enrichment analysis of these predicted
miR-128-target genes using starBase revealed a greater
distribution of genes within the MAPK signaling
pathway, suggesting that the MAPK pathway was
a key downstream pathway affected by miR-128
(Figure 3B).
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Figure 2. Differential expression of SCF, NSE in colonic samples. (A) HE staining performed on colonic tissues [original magnification
x40]. saline group (A), morphine group (B), rhubarb group (C), morphine+rhubarb group (D). (B) IHC staining (anti-SCF) performed on colonic
tissues [original magnification x40]. I morphine group, /I: morphine+rhubarb group (STC). (C) the mRNA expression of SCF, NSE expression in
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significantly upregulated M-CSF expression in the STC
group (p < 0.05; Figure 3F), whereas p38a expression did
not differ significantly different between the two groups.

To elucidate the effects of miR-128 on p38a/MAPK
and the downstream genes encoding AKT and M-CSF,
we separately trans-infected CT26.WT cells with the
micrON mmu-miR-128-2-5p mimic, micrON-mimic
NC, micrOFF mmu-miR-128-2-5p inhibitor, and
micrOFF-inhibitor NC. Successful and effective trans-
infection was confirmed by measuring post-transfection
miR-128-2-5p expression (Figure 4A, 4C). In cells
trans-infected with the mmu-miR-128-2-5p mimic,
gPCR analysis revealed that expression of p38a, AKT
and M-CSF decreased significantly (p < 0.05; Figure
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4B). Subsequent confirmation by western blotting
revealed significant decrease in p38a and M-CSF
protein levels along with an increase in miR-128-2-5p
expression (p < 0.05). The trans-infection of the mmu-
miR-128-2-5p inhibitor significantly increased the
expression of p38a, AKT and M-CSF (p < 0.05; Figure
4D). Subsequent confirmation by western blotting
revealed a significant increase in p38a and M-CSF
levels (p < 0.05; Figure 5E).

These results showed that the expression of miR-128
decreases in the STC model, and the treatment with
miR-128 mimics and inhibitors confirmed that miR-
128-2-5p negatively regulates the p380/AKT/M-CSF
pathway.

KEGG_Oocyte_Meiosis

KEGG_T_Cell_Receptor_Signaling_Pathway

KEGG_Notch_Signaling_Pathway
KEGG_Ecm_Receptor_Interaction
KEGG_Mapk_Signaling_Pathway
KEGG_Lysosome
KEGG_Small_Cell_Lung_Cancer

KEGG_Fc_Gamma_R_Mediated_Phagocytosis
KEGG_Ubiquitin_Mediated_Proteolysis

KEGG_Tgf_Beta_Signaling_Pathway
KEGG_Endocytosis
0 100 200 300 400
the number of genes

relative expression of M-CSF

M-CSF

relative expression of p38a

P38 i
1.5 . morphine STC

the expression of P38-a
versus GAPDH

morphine

Figure 3. Confirmation miR-128 expression and prediction of downstream target genes in STC model. (A) The venn diagram
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128-2-5p in cathartic colon mice models. (D) heat map show the up-regulated and down-regulated miRNAs in cathartic colon mice models.
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miR-128-induced effects of M-CSF
epithelial cells on colonic macrophages

in colonic

Next, we measured the levels of the pro-inflammatory
cytokines IL-6, IL-8, and TNF-a and anti-inflammatory
cytokines IL-10 and transforming growth factor (TGF)-
B in the colonic tissues of the morphine and STC groups
to determine inflammation levels in the cathartic
colon model Supplementary Figure 1. qPCR revealed
significantly elevated 116 and 118 expression,
significantly decreased TGF-B expression, and no
significant changes in TNF-a or IL-10 expression in
STC group compared with those in morphine group (p <
0.05; Figure 5A). However, at the protein level, TNF-a
level increased significantly (p < 0.05), whereas IL-6
expression did not change significantly relative to the
morphine group (Figure 5B). Measurement of apoptosis-
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related markers in the tissue samples revealed a
significant downregulation of B-cell lymphoma-2 (Bcl-
2) levels in STC mice but no significant changes in Bax
or Caspase-3 levels, suggesting that STC pathogenesis
is unrelated to apoptosis (Figure 5C). These results
indicated that the chronic effects of rhubarb might lead
to the release of substantial quantities of inflammatory
mediators in intestinal tissue, which is indicative of the
inflammatory status of the colonic tissue.

To determine the miR-128-induced effects of M-CSF in
colonic epithelial cells on colonic macrophages, we co-
cultured CT26.WT together with RAW246.7 cells.
Compared with the untreated NC group, CT26.WT cells
trans-infected with the miR-128 inhibitor showed a
significant increase in M-CSF levels in the supernatant
(p < 0.01), whereas cells transfected with the miR-128
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Figure 4. miR-128 interference in CT26.WT cells affect expression of miR-128 toward p38a/MAPK and the downstream
genes AKT and M-CSF. (A, B) miR-128-2-5p, M-CSF, p38a and AKT mRNA expression levels in cells trans-infected with micrON mmu-miR-
128-2-5p mimic/micrON mimic NC; (C, D) miR-128-2-5p, M-CSF, p38a and AKT mRNA expression levels in cells trans-infected with mmu-
miR-128-2-5p inhibitor/ micrOFF inhibitor NC. (E) protein expression levels of M-CSF, p38a in CT26.WT cells trans-infected with micrON
mmu-miR-128-2-5p mimic/micrON mimic NC/ micrOFF mmu-miR-128-2-5p inhibitor/ micrOFF inhibitor NC. *P<0.05, **P<0.01.
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mimic showed a significantly lower M-CSF levels in
the supernatant relative to cells transfected with mimic
NC (p < 0.05). (p < 0.05; Figure 6B). Moreover,
measurement of TNF-a, IL-6 in the RAW?264.7 cells
indicated that compared with the mimic NC group, the
miR-128-mimic group showed lower levels of TNF-a
and IL-6, (p < 0.05), whereas RAW264.7 cells of the
miR-128-inhibitor group showed significantly higher
levels of TNF-o and IL-6 relative to the inhibitor NC
group (p < 0.05; Figure 6A). Western blotting showed
results similar to those observed for TNF-a and IL-6
expression in RAW264.7 cells (Figure 6C).

These results demonstrated that changes in M-CSF
expression induced by changes in miR-128 levels in the
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colonic epithelium might promote altered expression of
inflammatory mediators in colonic macrophages, which
could ultimately lead to the onset of inflammation due to
the increased expression of proinflammatory cytokines,
such as IL-6 and TNF-a Supplementary Figure 3.

DISCUSSION

In recent years, numerous approaches have been
adopted for the development of constipation models.
Based on the principle of model establishment, model-
construction methods can be classified as water-
restriction, ice-water-gavage, cathartic colon, and drug-
administration methods [15]. As chronic constipation
patients in China primarily depend on laxatives
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Figure 5. Measurement of the inflammatory cytokines, anti-inflammatory cytokines and apoptosis-related markers. (A) mRNA
expression of IL-6, IL-8, TNF-a, IL-10 and TGF-f in STC model. (B) The protein expression levels of IL-6 and TNF-a.. (C) mRNA expression of Bax,

Bcl-2 and Caspase-3 in STC model. *P<0.05, **P<0.01.
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containing rhubarb as the active ingredient for the
alleviation of constipation symptoms, and because the
construction of a rat model of cathartic colon using
rhubarb and phenolphthalein had been described in a
previous study [16], we attempted to construct a mouse
model of STC through the combined use of rhubarb and
morphine.

Morphine is a widely used opioid analgesic, with
constipation being one of the most common adverse
gastrointestinal effects of morphine use. A previous
study found that acute gastrointestinal transit
dysfunction can occur as early as 20 min after
intraperitoneal injection of morphine [17]. Activation of
the p-opioid and &-opioid receptors in the
gastrointestinal tract can inhibit the release of motor
neurons from the submucosal plexus, thereby reducing
chloride-dependent water transport into the intestinal
cavity. Consequently, the intestinal contents become
dehydrated, resulting in harder and drier stools.
Additionally, activation of p-opioid receptors leads to
the generation of stronger and more frequent non-
propagating contractions by the circular muscle layer of
the gastrointestinal tract, which promotes the re-
absorption of liquid within the intestinal cavity and
reduces baseline muscle tone, thereby resulting in
harder and drier stools, reduced intestinal contractility,
and prolonged bowel transit time [18]. Moreover,
activation of p-opioid receptors increases the muscle
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tone in the anal sphincter, which causes further
difficulties in stool passage and can trigger acute
constipation [19].

Given the acute constipation-inducing effects of
morphine, we subcutaneously administered morphine
into mice at the initial stage of cathartic colon model
construction. After acute morphine administration, the
stool-transit distance decreased significantly (0.9 cm
vs. 2.4 cm), suggesting the presence of an acute
gastrointestinal disorder in the mice. However, after
morphine injections had been stopped, and rhubarb had
been subsequently administered in drinking water for
120 days, we found that morphine no longer served as
an influencing factor of gastrointestinal transit function
(Figure 1B). During the model-construction process,
subcutaneous morphine injections provided a realistic
simulation of the acute constipation experienced by
clinical patients prior to laxative use, which resembled
the characteristics of STC encountered in clinical
practice. Therefore, the morphine+rhubarb group was
defined as the STC model, and subsequent
investigations were performed on the basis of this
model.

miR-128 is a highly conserved miRNA present in the
genomes of humans and rodents, suggesting that it
possesses functions associated with cell regulation [20,
21]. Previous studies have reported that miR-128 acts as
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Figure 6. The results of co-culturing RAW264.7 cell CT26.WT cell. (A) The mRNA expression levels of IL-6 and TNF-a in
RAW264.7 cells after co-culturing. (B) M-CSF level in the supernatant after trans-sfected with the miR-128 mimic/inhibitor. (C) The
protein expression levels of IL-6 and TNF-a in RAW264.7 after co-culturing. I-NC, micrOFF inhibitor NC; 1-128, micrOFF mmu-miR-128-
2-5p inhibitor; m-NC, micrON mimic NC; m-128, micrON mmu-miR-128-2-5p mimic. *P<0.05, **P<0.01.
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a tumor suppressor in breast and lung cancer [22, 23]
and is enriched in brain tissue [24]. These findings
suggest that miR-128 plays different roles in human
growth and disease development. In the present study,
we measured mmu-miR-128 expression in the cathartic
colon mouse model using miRNA array and gPCR,
revealing a significant decrease in mmu-miR-128
expression.

The MAPK pathway is a key regulator of cell
proliferation, differentiation, and apoptosis in
eukaryotes. A previous study showed that miR-128 can
regulate MAPK signaling in neuropsychiatric diseases
and tumor tissues [24]. Among the four subtypes of the
gene encoding p38 (a, B, v, and J), the p38a subtype
encoded by MAPK14 is widely expressed in various
tissue types [25]. Transfection of NRT cells with an
miR-128 mimic downregulated the expression of genes
which were the direct targets of miR-128, including
MAPK14 [21]. In the present study, we predicted p38a
as a downstream target of mmu-miR-128 using multiple
miRNA databases and subsequently trans-infected
CT26.WT cells with an mmu-miR-128-2-5p mimic and
mmu-miR-128-2-5p inhibitor. The results showed that
mmu-miR-128-2-5p exerted negative regulatory effects
on the p38a/AKT pathway, suggesting that decreased
expression of miR-128 upregulated p38a/AKT activity
in the STC process.

M-CSF plays an essential role in regulating the mature
myeloid cell populations in the steady state and during
inflammation. M-CSF is secreted by multiple cell types,
including endothelial cells, osteoblasts, SMCs,
fibroblasts, and macrophages. In a disease state (e.g.,
cancer, inflammation or autoimmune disease), the M-
CSF level in blood circulation is increased. Studies
show that M-CSF is associated with the onset of many
types of diseases, with increased M-CSF levels in blood
circulation observed in patients with arthritis, nephrotic
syndrome, pulmonary fibrosis, obesity, inflammatory
bowel disease, and metastatic cancer [26, 27].
Additionally, animal experiments indicate that the
reduction (neutralization) of M-CSF or blockade of M-
CSF-R decreases the severity of inflammation,
autoimmune disease, and cancer [28, 29]. Multiple
studies conducted on mouse models of lupus nephritis
report that M-CSF causes renal inflammation, and that a
systemic increase in M-CSF leads to acceleration of
disease onset and progression [30, 31]. Furthermore, M-
CSF plays a key role in gastrointestinal inflammation,
with M-CSF-regulated interactions between muscularis
macrophages and enteric neurons co-regulating
gastrointestinal motility [32]. In a study on the immune-
escape mechanism of Salmonella, increased miR-128
expression reduced M-CSF secretion from colonic
epithelial  cells, thereby reducing macrophage

chemotaxis and controlling the progression of
inflammation [33]. In the present study, we found that
miR-128 overexpression results in the downregulation
of M-CSF and attenuated miR-128 expression results in
upregulation of M-CSF in colonic epithelial cells.

Macrophage recruitment at sites of inflammation is
primarily induced by proinflammatory cytokines, such
as M-CSF and MCP-1. Macrophage differentiation and
survival are also closely associated with M-CSF [34-
36]. Hoi et al. [34] showed that M-CSF secreted by
epithelial cells promotes macrophage recruitment by
inducing inflammation. In the present study, our
findings provided direct proof that changes in miR-128
expression in epithelial cells induced changes in
downstream M-CSF level. Moreover, these results were
verified by measurement of M-CSF levels in cell
cultures subjected to miR-128 interference, thereby
indicating that miR-128 exerts anti-inflammatory
effects during the progression of inflammation.

Furthermore, to determine whether inflammation in
mouse colonic tissue was associated with miR-128, we
co-cultured mouse colonic epithelial cells with mouse
macrophages using Transwell inserts, and utilized miR-
128-2-5p mimic and miR-128-2-5p inhibitor for
miRNA interference in the colonic epithelial cells. We
observed significant changes in M-CSF-R, IL-6, and
TNF-a levels in macrophages in the bottom layer,
suggesting that miR-128 in the colonic epithelial cells
induced alterations in inflammatory cytokine release by
macrophages via its influence on M-CSF.

In conclusion, our study demonstrated that reduction in
miR-128 levels enhanced the expression and release of
M-CSF in colonic epithelial cells by targeting p38a,
promoted inflammatory cell (i.e., macrophages)
infiltration, and increased inflammatory cytokine
expression in the colonic tissue. This activity resulted in
chronic inflammatory response and changes in the
immune microenvironment of the colon, thereby
causing ICC and enteric nerve injury and ultimately
contributing to STC pathogenesis, and it might offer
potential therapeutic targets for its treatment. Further
investigation is required to determine whether
macrophages influence 1CCs and the relevant associated
mechanisms when changes occur in miR-128
expression in colonic tissue.

MATERIALS AND METHODS
Cells and culture
The mouse colorectal carcinoma cell line CT26.WT

(RRID: CVCL-7256) and mouse monocyte/macrophage
cell line RAW264.7 were purchased from ATCC
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(Manassas, VA, USA). RPMI 1640 medium, 10% fetal
bovine serum, and 1% penicillin-streptomycin were
used for cell culture.

miRNA interference

The following miRNA interferents were purchased from
Guangzhou RiboBio Co., Ltd. (Guangzhou, China):
micrOFF mmu-miR-128-1-5p inhibitor, micrOFF mmu-
miR-128-2-5p inhibitor, micrOFF-mimic NC, micrON
miR-128-1-5p mimic, micrON miR-128-2-5p mimic,
and micrON-mimic NC. CT26.WT cells were
separately transfected with the aforementioned
interferents and miR-NC using Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, MA USA). At 72-
h post-transfection, cells were collected for use in
subsequent experiments.

Animal models

128 SPF-grade ICR female mice were purchased from
Hubei Provincial Center for Disease Control and
Prevention (Wuhan, China) and randomly allocated to
the morphine group and untreated group. Model
construction was performed over a 1-week period by
daily subcutaneous injections of 10 mg/kg morphine for
the morphine group and equivalent volumes of saline
for the untreated group. Subsequently, mice were
randomly selected from the two groups and subjected to
barium enema examination for the measurement of
stool-transit distance. The model construction took
more than 4 months. Following establishment of the
morphine-stimulated acute STC model, mice in the
untreated group were randomly sub-divided into the
control group and rhubarb group, and mice in the
morphine group were randomly sub-divided into the
morphine group and morphine+rhubarb group. The
rhubarb group and morphine+rhubarb group were
administered rhubarb decoction in drinking water
starting from a dose of 300 mg/kgeday (~5 mL/day
based on the average body weight of the mice). Rhubarb
was extracted from natural rhubarb, the rhubarb was
concentrated to 1 g/mL using a 40 degree water bath.
The dose of rhubarb decoction was doubled daily until
~50% of the mice exhibited loose stools at a dose of
2000 mg/kgeday. Subsequently, the dose level was
maintained until >80% of the mice no longer exhibited
loose stools, which occurred on day 107 of rhubarb
administration. After the rhubarb decoction had been
administered for 120 days, mice were randomly selected
and subjected to barium enema examination to measure
stool-transit distance. 2mL 60% (W/V) Barium Sulfate
for Suspension (Type 1) (Shengli Co., Ltd, Shandong,
China) was injected to stomach through oral gavage for
stool-transit measurement. The transmission of barium
was measured 2 hours after injection and ileocecum was

defined as the starting position of colonic transmission.
The stools of the mice were collected, dried in a 65° C
oven, and weighed every 20 min in a cryopreservation
tube. When the mass of the stool sample no longer
changed, the dry weight of stools was calculated as total
weight — cryopreservation tube weight, and the moisture
content of the stools was calculated as (wet weight of
stools — dry weight of stools) / wet weight of stools X
100%.

Experiments were performed under a project license
(N0.2018039) granted by the ethics committee of
Zhongnan Hospital of Wuhan University, Wuhan,
China, in compliance with Animal Research Center of
Wuhan University guidelines for the care and use of
animals.

Immunohistochemistry (IHC)

The tissues were fixed in 10% neutral buffered formalin
and then subjected the 5um thick slices were subjected
to heat-induced epitope retrieval by immersion in a
heat-resistant container filled with citrate buffer solution
(pH 6.0), placed in a pressure cooker, and microwaved
for 20 min. Endogenous peroxidase activity was
blocked by employing 3% H»O incubation for 5 min.
M-CSF staining (rabbit monoclonal antibody against M-
CSF, ab233387, dilution 1:500; Abcam, Inc.,
Cambridge, MA, USA) was used to evaluate the
number of stromal cells. The number of mast cell was
evaluated using anti-Mast Cell Tryptase (rabbit
monoclonal antibody against mast cell tryptase,
ab151757, dilution 1:100; Abcam, Inc., Cambridge,
MA, USA). ICCs were detected using the ICC marker
SCF (rabbit polyclonal antibody against SCF, 26582-1-
AP, dilution 1:100, Proteintech Group, Inc, IL, USA)
and TMEM16A (rabbit polyclonal antibody against
TMEM16A, 12652-1-AP, dilution 1:50, Proteintech
Group, Inc, IL, USA). The number of positive cells was
calculated and expressed as the mean number of the
results from all slides. HMIAS-2000 (Wuhan, China)
imaging system was used for recording.

Real-time fluorescence-based quantitative PCR
(gPCR)

Total RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse
transcribed into cDNA. gPCR was performed using U6
and glyceraldehyde 3-phosphate  dehydrogenase
(GAPDH) as reference genes to measure relative
changes in the expression of miRNA and target genes.
mMiRNA expression was measured using a Tagman
assay under the following PCR amplification
conditions: initial denaturation at 50° C for 2min and
95° C for 10 min, followed by 45 cycles of denaturation
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at 95° C for 15s, and annealing at 60° C for 60s. Gene
expression was measured using SYBR Green under the
following PCR amplification conditions: initial
denaturation at 95° C for 30s, followed by 40 cycles of
denaturation at 95° C for 30s, annealing at 60° C for
30s, and extension at 72° C for 30s.

Primer sequences for gPCR were obtained from the
GenBank and miRbase databases, and the primers were
designed using Primer Premier 5 (Premier Biosoft, San
Francisco, CA, USA). The sequences of the primers are
shown in Supplementary Table 1.

Western blotting

Total protein was extracted from cells and tissues using
a lysis buffer. After volume adjustment, the total protein
was resolved via sodium  dodecyl sulfate
polyacrylamide gel electrophoresis and transferred to a
methanol-activated polyvinylidene difluoride membrane
(Millipore Sigma, Billerica, MA, USA). The membrane
was incubated with antibodies, and the protein was
visualized based on enhanced chemiluminescence, with
GAPDH wused as a loading control. The primary
antibody (Supplementary Table 2 for detailed antibody
information) and secondary antibody (Abcam Cat#
ab6728, RRID: AB-955440) were purchased from
Abcam (Cambridge, MA, USA). Experimental results
were processed using Image] software (National
Institutes of Health, Bethesda, MD, USA).

Enzyme-linked immunosorbent assay (ELISA)

Mouse TNF-a and IL-6 ELISA kits were purchased
from Proteintech (Proteintech Group, Rosemont, IL,
USA). Equivalent amounts of mouse colonic tissue
were weighed, washed with phosphate-buffered saline,
and sufficiently homogenized. The supernatant was then
obtained for the measurement of TNF-o (Cat No.
KE10002) and IL-6 (Cat No. KE10007) levels
according to the manufacturer’s instructions.

Cell co-culturing

Cells were co-cultured using 0.4-um pore size
Transwell inserts, with CT26.WT cells in the top layer
and RAW246.7 cells in the bottom layer. Samples were
collected for testing after the co-culturing of CT26.WT
cells that had been subjected to miRNA interference
with RAW264.7 cells for 48 h.

Statistical analysis
Data analysis was performed using GraphPad Prism

software (v.8.0; GraphPad Software, La Jolla, CA,
USA). All data were expressed as the meanzstandard

deviation. Differences in miRNA array data were
calculated using the limma algorithm, with an adjusted
p < 0.05 and —1 < fold change < 1 used as thresholds,
and differences in mMiRNA between groups were
compared using Student's t test. p < 0.05 was considered
statistically significant.
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Supplementary Figure 1. The distribution of mast cell tryptase positive and M-CSF positive cells in colonic samples. (A) IHC
staining (anti-mast cell tryptase) performed on colonic tissues [original magnification x40]. I: saline group, Il: morphine group, Ill rhubarb
group, IV morphine+rhubarb group (STC) (B) IHC staining (anti-M-CSF) performed on colonic tissues [original magnification x40]. | saline
group, Il: morphine group, Il rhubarb group, IV morphine+rhubarb group (STC). *P <0.05 versus saline group, **P<0.01 versus saline group,
#P<0.05 versus morphine group, ##P<0.01 versus morphine group.
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Supplementary Figure 2. The distribution of SCF positive and TMEM16A positive cells in colonic samples. (A) IHC staining (anti-
SCF) performed on colonic tissues [original magnification x40]. / saline group, /I: morphine group, /Il rhubarb group, IV morphine+rhubarb
group (STC) (B) IHC staining (anti-TMEMZ16A) performed on colonic tissues [original magnification x40]. / saline group, /I: morphine group, /Il
rhubarb group, IV morphine+rhubarb group (STC). *P<0.05 versus saline group, **P<0.01 versus saline group, #P<0.05 versus morphine
group, ##P<0.05 versus morphine group.
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Supplementary Figure 3. The effect of microRNA-128 inhibitor on CT26.WT only or RAW264.7 only. (A) The protein expression
levels of IL-6 and TNF-a after miR-128 interfered in CT26.WT cells. (B) The protein expression levels of IL-6 and TNF-a after miR-128 interfered
in RAW264.7 cells.
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Supplementary Tables

Supplementary Table 1. PCR primer.

GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAGAGAAGATTA

ue GCATGGCCCCTGCGCAAGGATGACACGCAAATTCGTGAAGCGTTCCATATTTT
mmu-miR-128-2 GGGGGCCGAUGCACUGUAAGAGA
mmu-miR-128-1 CGGGGCCGUAGCACUGUCUGA
GAPDH F TCCTGCACCACCAACTGCTTAG
R AGTGGCAGTGATGGCATGGACT
p38a-F F GCCCAGAAGGAGGCAGACT
R TGGGATGGCATGGAGTTGA
AKT F GGGTCCAGGGCCAAAGTC
R GAGAGGGCCAGTTAGCATACCA
M-CSE F TGCTGAGTCCCCCTTTCCT
R GACCACTCTCCTCCCAGATTCAT
Caspase-3 F GCTCCTGGCCTCCTTATGG
R TGTGAGTTCCTTCCTTTCTTTGTG
Bax F CCCCCACATGGCAGACA
R CCTCAGCCCATCTTCTTCCA
Bcl-2 F AGGCATGAAGAAAACCAGGTAGAG
R GGACTTGGTGCATGGAACACT
TNF-a F AGCACAAGGCTGAGATTCTCGC
R CTCGTTCAGTCTCCAGCTTCTG
IL-6 F CGCTATGAAGTTCCTCTCTGCAA
R TAGGGAAGGCCGTGGTTGT
IL-8 F TACTAGCCTGCATCAGCATGG
R TGGCTATGCACACAAACTTGAC
IL-10 F GTTGCCAAGCCTTATCGGAA
R TGATTTCTGGGCCATGCTTCT
TGF-p F GGACTCTCCACCTGCAAGAC
R CTGGCGAGCCTTAGTTTGGA
SCE F ACTCTGTCTTGAGGCTGCATGTAA
R AAAGAAGAGCAGCCACCATGTAC
NSE F CTGCCCTGACCTGCCATAGT
R GAACAGCAGGAGCGGTGAGT
Supplementary Table 2. Antibody information.
Gene Company Cat No. Dilution Secondary antibody
GAPDH Abcam ab181603 1:5000 Anti-rabbit from goat
M-CSF Abcam ab233387 1:5000 Anti-rabbit from goat
SCF Proteintech 26582-1-AP 1:1000 Anti-rabbit from goat
NSE Proteintech 10149-1-AP 1:1000 Anti-rabbit from goat
p38 MAPK Proteintech 14064-1-AP 1:1000 Anti-rabbit from goat
IL-6 Proteintech 21865-1-AP 1:1000 Anti-rabbit from goat
TNF-a Proteintech 17590-1-AP 1:1000 Anti-rabbit from goat
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