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Abstract

Background: Hemorrhoid is a common anorectal disease that seriously affects people’s physical and mental state. However, the precise
etiopathology and immunopathogenic mechanism of hemorrhoids are still not clear.

Methods: In this study, 15 pairs of hemorrhoidal and adjacent normal tissues were analysed for bacterial composition and immune cells
infiltration investigation, the gene expression profile of hemorrhoidal tissue was also analysed to explore the molecular mechanism of hemorrhoid
pathogenesis. Finally, a peptide inhibiting matrix metalloproteinase-9 (MMP-9) was designed and tested on macrophages.

Results: The results showed that Gram-negative bacteria were more abundant inside hemorrhoidal tissues than in adjacent normal tissues.
M1 macrophages infiltration was significantly higher in hemorrhoids than in adjacent normal tissues. The main component of Gram-negative
bacteria cell wall, lipopolysaccharide (LPS), polarized MO macrophages into M1. RNA sequencing results indicated a strong correlation of VCAM-
1 and MMP-9 with M1 macrophages infiltration in hemorrhoid sites. After VCAM-1 interference, macrophage M1 polarization was inhibited, and
MMP-9 expression was downregulated. Importantly, an MMP-9 inhibitory peptide P2 inhibited LPS-induced M1 polarization and ROS generation.
Conclusion: This study elucidated the microbial distribution and immunological pathogenesis in hemorrhoidal tissues, offering a possible
strategy for the treatment of hemorrhoids.
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Introduction
challenging to be accurately determined, Johanson et al.[2]

estimated the incidence of hemorrhoids among Americans to be
approximately 4.4%, while supplementary data from the National
Health Interview Survey in the United States indicated that the
incidence of hemorrhoids is 13% [3], and there is an old saying
in China that “nine out of ten people have hemorrhoids”. In the
United States, the annual cost associated with the treatment of
hemorrhoids is about 800 million USD [4], imposing a significant

Hemorrhoids are a common anorectal condition characterized
by enlargement and displacement of anal cushions accompanied
by a swelling of the veins or blood vessels in and around the anus
and lower rectum [1]. The exact function of hemorrhoids is not
completely understood, but hypotheses suggest that they may
perceive sensations like fullness, pressure, and the presence
of solid content in the anus. The incidence of hemorrhoids is
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burden on the healthcare system and society. There are many risk
factors for the development of hemorrhoids, including increased
intra-abdominal prolonged sitting, constipation,
diarrhoea, and high perfusion of the hemorrhoidal arteries.
However, the process of hemorrhoid development typically
involves four core physiological and pathological events: sliding
of the anal cushions, relaxation of the connective tissue of the
anal cushions, reduced venous return, and the formation of

pressure,

thrombosed hemorrhoidal veins [5].

Currently, the widely recognized mechanism for the
development of hemorrhoids is the displacement of the anal
cushions, although the specific mechanism for this movement
is not yet clear. After the occurrence of hemorrhoids, various
pathological changes such as bacterial infection, inflammation,
vascular alterations, and connective tissue changes can be
observed. The location of hemorrhoids is adjacent to the intestine,
and previous works have extensively focused on the study of
intestinal microbiota in various health issues such as tumours [6],
atherosclerosis [7], and aging [8]. Gram-negative bacterial walls
are primarily composed of peptidoglycan, lipopolysaccharide
(LPS), and lipoproteins. Compared to Gram-positive bacteria, the
components of Gram-negative bacterial cell walls are more likely
to induce inflammatory reactions, with LPS playing a significant
role in these effects. It has been reported that, in individuals
with type 2 diabetes, intestinal dysbiosis revealed an increase in
Gram-negative bacteria, and elevated levels of LPS can lead to the
generation and release of pro-inflammatory factors, accelerating
the progression of the disease [9]. Study by Cani etal. [10] reported
that prebiotics can promote gut microbiota balance in obese mice,
reduce LPS production, and inhibit liver inflammation. However,
there hasn’t been a systematic study on the microbial content
and types in hemorrhoids. This study conducted sequencing on
human hemorrhoid tissues and revealed new research findings in
this regard.

We observed a close association between inflammation
and the occurrence and development of hemorrhoids, with
macrophage polarization playing a central role in hemorrhoid
development. Macrophages are crucial members of the innate
immune system that can respond to different microenvironment
signals and polarize into different phenotypes, such as M1
(classically activated macrophages) and M2 (alternatively
activated macrophages) [11, 12]. The LPS present in Gram-
negative bacteria can induce macrophages to polarize toward the
M1 phenotype [13], leading to pro-inflammatory reactions and
the production of inflammatory factors such as IL-6 and TNF-a
[14]. Previous reports indicated that M1 macrophages promote
inflammatory responses in periodontitis, resulting in tissue
damage. However, research on immune cells in the occurrence and
development of hemorrhoids is extremely scarce. Tawe visit et al.
found an increased density of mast cells in hemorrhoidal veins,
which may contribute to the development of hemorrhoids [15].
The relationship between macrophages and other immune cells

and hemorrhoids has not been thoroughly investigated. This study
analysed the composition of immune cells in the hemorrhoidal
tissues and found that polarization of MO macrophages into M1
macrophages leads to changes in certain proteins or factors, with
a significant correlation observed between the levels of vascular
cell adhesion molecule-1 (VCAM-1), MMP-9, and macrophages’
infiltration.

Typically, inflammatory reactions are initiated by TNF-a
released by immune cells, including macrophages. TNF-a
stimulates adhesion molecules like selectins, ICAM-1, and VCAM-
1 to recruit more immune cells to the site of inflammation [16].
Studies have shown that in a mouse model of dextran sulfate
sodium-induced colitis, antibodies against VCAM-1 prevented
white blood cells from adhering to the surface of vascular
endothelial cells, significantly alleviating inflammation symptoms
[17]. This suggests the crucial role of VCAM-1 in inflammation.
However, there is no research specifically exploring the correlation
between VCAM-1 and the occurrence and development of
hemorrhoids, and its contribution need to be investigated. In
addition, Serra et al. [18] detected an increase in MMP-9 activity
in patients with hemorrhoids. Whether this activity can degrade
elastic fibers, promote tissue remodeling, and contribute to the
occurrence and development of hemorrhoids has not been totally
investigated.

This study found that macrophages play a crucial role
in regulating the inflammatory process during the onset of
hemorrhoids. Specifically, a designed metalloproteinase inhibitor
peptide P2 was shown to inhibit the polarization of macrophages
to M1. This research provides new insights into the causes and
mechanisms of hemorrhoid development, with the hope of
offering new perspectives for the treatment of hemorrhoids.

Material And Method
RNA sequencing

Fifteen pairs of hemorrhoid tissue and corresponding
adjacent tissue were collected for analysis. These samples were
obtained from patients with Grade III or Grade IV hemorrhoids
who received treatment at Jiangsu Cancer Hospital. This research
was approved by Ethics Committee of Jiangsu Cancer Hospital
with Ethical Review No. KY-2024-144. After haemorrhoidectomy,
the collected specimens were preserved in liquid nitrogen.
All specimens were obtained with the informed consent of
the patients or their family members. RNA was then extracted
by Trizol/chloroform method and an 0D260/0D280 ratio
was measured to determine the purity of the RNA (typically
maintained between 1.8-2.0). Patient’s hemorrhoid tissues were
used as the sample group, and the corresponding adjacent normal
tissues were used as the control group. After total RNA extraction,
ribosomal RNA (rRNA) was removed to enrich for mRNA. The
isolated RNA was fragmented into smaller pieces and then used to
create a sequencing library by attaching sequencing adapters to

How to cite this article: Long C, Jialiang H, Yushi J, Mengwei L, Wenting Z, et al. Gram-negative Bacteria Promote the Occurrence and Development of
Hemorrhoids Through Activating M1 Macrophages and promoting VCAM-1 and MMP-9 overexpression. J of Pharmacol & Clin Res. 2026; 11(3): 555814.

DOI: 10.19080/]PCR.2026.11.555814


http://dx.doi.org/10.19080/JPCR.2026.11.555814

Journal of Pharmacology & Clinical Research

the RNA fragments. This library preparation step was followed by
PCR amplification and subjected to high-throughput sequencing
using the Illumina Novaseq™ 6000 sequencing platform.

For details of RNA extraction and reverse transcription,
approximately 20mg of tissue was taken from liquid nitrogen
and placed in a mortar. After adding liquid nitrogen, it was
crushed, followed by the addition of 1 ml of Trizol for rapid
grinding. The mixture was allowed to stand for 5 minutes, then
200uL of chloroform was added and left to stand for another 3
minutes. Centrifugation was performed at 12,000 rpm for 15
minutes at 4°C. The supernatant was collected, and an equal
volume of isopropanol was added. The mixture was gently mixed
and allowed to stand for 10 minutes. Centrifugation was then
carried out at 12,000 rpm for 10 minutes at 4°C. The supernatant
was discarded, and the precipitate was resuspended in 1mL of
75% ethanol. Centrifugation was repeated at 7,500 rpm for 8
minutes at 4°C. The supernatant was again discarded, and 20pL
of DEPC water was added to dissolve the precipitate at 55°C for
13 minutes. To determine the purity of the RNA, 1uL of the RNA
solution was taken to measure the 0D260/0D280 ratio, which is
typically controlled between 1.8 and 2.0.

Detecting the microbial composition of hemorrhoidal
tissue through 16S rRNA gene sequencing

Microbial total DNA was extracted, and the quality of the
extracted DNA was assessed through agarose gel electrophoresis.
Simultaneously, the DNA was quantified using a UV-Vis
spectrophotometer. Different primers were selected for PCR
amplification based on specific project requirements. The PCR
products were confirmed by electrophoresis on a 2% agarose
gel. The PCR products were purified using AMPure XT beads
(Beckman Coulter Genomics, Danvers, MA, USA) and quantified
with a Qubit (Invitrogen, USA). The purified PCR products were
then analysed using an Agilent 2100 Bioanalyzer (Agilent, USA)
and a library quantification kit from Illumina (Kapa Biosciences,
Woburn, MA, USA). Acceptable library concentrations should be
above 2nM. Qualified sequencing libraries (with non-repeating
Index sequences) were diluted to gradients and mixed in
proportions according to the required sequencing volume.
They were then denatured into single strands with NaOH for
sequencing. Sequencing was performed using a NovaSeq 6000
sequencer with 2x250 bp paired end reads and corresponding
NovaSeq 6000 SP reagents. For the paired-end sequencing data
obtained, the samples were first demultiplexed based on barcode
information, and adapter and barcode sequences were removed.
Length filtering and denoising were conducted using DADAZ2,
invoked through qiime dada2 denoise-paired. ASV (feature)
sequences and ASV (feature) abundance tables were obtained,
and singleton ASVs (i.e., ASVs (features) with a total sequence
count of only 1 across all samples) were removed as a default step.

Diversity analysis for assessment of the differences
in microbial communities between hemorrhoid and

adjacent normal tissues

Diversity analysis was performed to evaluate and compare
the diversity of microbial communities within and between
hemorrhoid and adjacent normal tissues. This analysis was
conducted based on the obtained ASV (Amplicon Sequence
Variant) feature sequences and ASV abundance tables. Alpha and
beta diversity analyses were conducted based on the obtained ASV
feature sequences and the ASV feature abundance table. Alpha
diversity analysis primarily employed seven key indices, including
observed species, Shannon, Simpson, Chaol, goods coverage,
and Pielou’s evenness, to assess the diversity within the habitat.
Beta diversity analysis, on the other hand, primarily involved
the calculation of four dissimilarity metrics (weighted_unifrac,
unweighted_unifrac, Jaccard, and Bray-Curtis) and employed six
major analytical approaches to assess diversity between different
habitats or sample groups.

Analysis of 16S rRNA Gene Sequence Results

Species annotation was performed based on ASV (feature)
sequence files using the SILVA (Release 138, https://www.arb-
silva.de/documentation/release138/) database with the NT-16S
database. The abundance of each species in each sample was
then tallied according to the ASV (feature) abundance table. The
confidence threshold for annotation was set at 0.7.

Cell culture and treatment

RAW264.7 cells were obtained from Cell Research (Shanghai,
China) and were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) containing 10% fetal bovine serum (FBS), under
standard conditions of 37°C and 5% COZ2.

When the cell confluence reached 80%, the cells were collected,
counted, and then seeded in a 6-well plate at a concentration of
2x105 cells/ml. When the cell confluence reached 60%, the cells
were stimulated with LPS and different doses of P2 for 12 hours.
Normal culture medium containing an equivalent volume of PBS
was used as a negative control. Peptide P2 (more than 96% purity)
were chemically synthesized by GL Biochem Ltd (Shanghai).
The sequence of peptide P2 is Pro-(D-Pyr)-(D-Cys)-Bip-Arg-
Gly-Glu-Gly-Gly-Gly-Gly-Ile-Val-Arg-Arg-Ala-Asp-Arg-Ala-Ala-
Val-Pro, of which D-Pyr is 3-(3-pyridyl)-D-alanine, Bip is L-4,4’-
biphenylalanine. siRNAs targeting VCAM-1 mRNA were used to
silence VCAM-1 in mouse RAW264.7 cells. The sequences of the
siRNAs were as follows: Forward, 5'-ggagcagacagcuaaauaatt-3’,
Reverse, Following the
manufacturer’s instructions, RAW264.7 cells were transfected
with 20 nmol/L VCAM-1 siRNA using Lipofectamine 8000 reagent
(Beyotime, Shanghai, China).

5’-uuauuuagcugucugcucctt-3'.

Victoria Blue Staining

Sections were routinely dewaxed and hydrated. A hydrophobic
circle was drawn, and the sections were cleaned with distilled
water. The sections were oxidized with potassium permanganate
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solution for 5 minutes and rinsed thoroughly with running water.
They were then bleached with oxalic acid solution for 2-3 minutes
until the specimens were colourless, followed by thorough rinsing
with running water. The sections were briefly washed with 95%
alcohol and stained with Elastin stain by adding a few drops of
the stain, covering the sections, and incubating them in a 37°C
incubator for 1 hour. Differentiation was performed with 95%
alcohol by quickly dipping the sections until no excess stain was
removed. The sections were rinsed with fine running water for
3-5 minutes and stained with Van Gieson’s stain for 1 minute. The
stain was poured off without rinsing with water. The sections were
differentiated with 95% alcohol for a few seconds, dehydrated
with absolute alcohol, and cleared with xylene. They were
mounted with neutral balsam and observed under a microscope.

Real-time Fluorescent Quantitative PCR (qRT-PCR)

RNA was extracted from hemorrhoid tissue using Trizol and

Table 1: gPCR primers.

its concentration was determined using a UV spectrophotometer.
cDNA was synthesized according to the instructions of the 5X All-
In-One Master MIX kit, with the reaction conditions set at 25°C
for 10 minutes, 42°C for 15 minutes, 85°C for 5 minutes, followed
by storage at -80°C. The qRT-PCR system consisted of 20uL of
cDNA, including 0.8uL of cDNA product, 0.6uL of each upstream
and downstream primer (as shown in Table 1), and water added
to make up to 20pL. The reaction conditions were as follows:
initial denaturation at 95°C for 10 minutes, followed by 40 cycles
of denaturation at 95°C for 15 seconds and annealing/extension
at 60°C for 60 seconds. The experiment included two parallel
replicate wells, and all samples were tested in triplicate. Relative
quantification was employed, with the relative expression levels
of the target genes represented by -ACt and 2”-ACt, respectively.
All samples were handled on ice, and all items used were treated
with RNase-free reagents. The housekeeping gene GAPDH was
used for normalization.

Gene name Forward sequence (5'to 3) Reverse sequence (5°to 3’)
Cd86 TCAATGGGACTGCATATCTGCC TCAATGGGACTGCATATCTGCC
iNOS (Mice) GTTCTCAGCCCAACAATACAAGA GTGGACGGGTCGATGTCAC
Mcp-1 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT
Mmp-9 CTGGACAGCCAGACACTAAAG CTCGCGGCAAGTCTTCAGAG

Western Blot

After protein extraction and denaturation with loading buffer
at 100°C, 20ug of protein samples were separated on a 10% SDS-
PAGE gel and then transferred to a PVDF membrane (Millipore,
Billerica, MA, USA). The membrane was blocked in 5% milk
for 3 hours and then incubated overnight at 4°C with primary
antibodies. It was then incubated with anti-mouse or anti-rabbit
secondary antibodies (1:5000, Protein tech, Chicago, USA) on
a shaker at room temperature for 1 hour. Protein bands were
visualized using ECL luminescent liquid (Beyotime, Shanghai,
China). Image] 1.44 was used to analyse protein expression. The
primary antibodies used were as follows: CD86 (1:1000, Protein
tech, Chicago, USA), iNOS (1:1000, WanleiBio, Shenyang, China),
VCAM1 (1:1000, WanleiBio, Shenyang, China), MMP9 (1:1000,
Protein tech, Chicago, USA),and GAPDH (1:1000; MULTISCIENCES,
Hangzhou, China).

Immunohistochemistry

Briefly, all fresh 4%
paraformaldehyde (Sigma-Aldrich, St. Louis, USA) for 30 minutes
at room temperature. The tissues were dehydrated through an
ascending ethanol gradient, embedded in paraffin, sectioned
(6um thickness), and immersed in xylene. The tissue sections
were blocked with immunohistochemical blocking solution
(Beyotime, Shanghai, China) at 37°C for 30 minutes. The blocking
solution was discarded, and the slides were washed three

tissues were immersed in

times with immunohistochemical washing solution (Beyotime,
Shanghai, China) for 5 minutes each at room temperature. Next,
the primary antibody (Lipopolysaccharide Core, clone WN1 222-
5, HycultBiotech (#HM6011-20UG)) was added and incubated at
37°C for 45 minutes. The antibody was discarded, and the slides
were washed three times with immunohistochemical washing
solution (Beyotime, Shanghai, China) for 5 minutes each at room
temperature. Then, the secondary antibody (anti-rabbit IgG
(H+L), F(ab’)2 fragment (Alexa Fluor 488 conjugate) antibody
(#4412) or anti-rabbit IgG (H+L), F(ab”)2 fragment (Alexa Fluor
555 conjugate) antibody (#4413)) was added and incubated at
37°C for 45 minutes. The antibody was discarded, and the slides
were washed three times with immunohistochemical washing
solution (Beyotime, Shanghai, China) for 5 minutes each. Finally,
the slides were mounted using immunofluorescence mounting
solution (Sigma-Aldrich, St. Louis, USA).

ROS detection

DCFH-DA (Beyotime, Shanghai, China) was diluted in serum-
free culture medium at a ratio of 1:1000 to achieve a final
concentration of 10uM. The cell culture medium was removed,
and an appropriate volume of the diluted DCFH-DA was added.
The volume added should be sufficient to completely cover the
cells. After incubation 37°C in a cell culture incubator for 20
minutes, cells were washed three times with serum-free cell
culture medium to thoroughly remove DCFH-DA that has not
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entered the cells and observe under a fluorescence microscope
(OLYMPUS, IX53P1F).

Statistical analysis

All results are presented as mean * SE (standard error).
Statistical analyses were conducted using GraphPad Prism
8.0.2 software (GraphPad Software, San Diego, CA). To perform
statistical comparisons, we initially assessed whether the data
followed a normal distribution. Subsequently, the Brown-

Results

Forsythe test was employed to evaluate similarity of variances
among normally distributed data. If variances were similar,
Student’s t-test was utilized for comparisons between two groups,
or ANOVA was employed for comparisons involving more than
two groups. In all cases, a two-tailed probability less than 0.05
was considered indicative of statistically significant differences.
Details of the statistical analyses applied to each experiment are
provided in the corresponding figure legends.

Gram-negative bacteria are significantly more abundant in hemorrhoid tissues

Table 2: The top 10 genes in the protein-protein interaction (PPI) network of MO and M1 macrophages

Gene Nodes MO Macrophages M1 Macrophages
Pearson Correlation Coefficient P Value Pearson Correlation Coefficient P Value
MMP9 13 0.7248 0.0007* 0.7594 0.0003***
VCAM1 16 0.6081 0.0074* 0.6495 0.0035**
CXCR5 18 0.5758 0.0124* 0.6085 0.0074**
CD22 17 0.5596 0.0157* 0.6008 0.0084**
ILZ1R 12 0.5501 0.018* 0.5907 0.0098**
CD19 27 0.5488 0.0184* 0.5353 0.0221*
FCRLA 13 0.5006 0.0343* 0.5214 0.0265*
TNFRSF13C 13 0.4733 0.0473* 0.4939 0.0372*
CR2 18 0.4276 0.0767 0.4611 0.0541
CXCL13 18 0.3429 0.1636 0.4488 0.0617

In this study, 16S rRNA sequencing was conducted on 5
pairs of hemorrhoidal tissues and their adjacent normal tissues.
As shown in the rarefaction curve, the 16S rRNA sequencing in
this study reached a sufficient sequencing depth, detecting a
high abundance of 30 microbial genes, accounting for 49.81%
to 55.93% of the total gene content. The most detected bacteria
are shown in Fig.1A and B. At the genetic level, differences in
microbial content between the PT (hemorrhoid tissue) group
and NT (normal tissue) group were compared, the frequencies
of Serratia, Rhodanobacter, and Sphingomonas in the PT group
were lower than in the NT group (P < 0.05), while Paenibacillus
was more abundant in the PT group. Based on the results of LEfSE
(LDA=>2), Sphingomonas and Paenibacillus exhibited significant
differences, with Sphingomonas population being significantly
decreased and Paenibacillus bacteria being significantly increased
(Fig. 1C).

Proteobacteria is the largest and most diverse phylum of
bacteria, and are all Gram-negative bacteria, characterized by
an outer membrane mainly composed of LPS. By calculating
the abundance of Gram-positive and Gram-negative bacteria
in hemorrhoid tissues and normal tissues, it was found that in
comparison to normal tissues, the abundance of Gram-negative
bacteria was higher in hemorrhoidal tissues than Gram-positive

bacteria (Fig.1D). This view is evidenced by the observation of the
presence of LPS, a component of the cell wall of gram-negative
bacteria, within hemorrhoidal tissues by immunohistochemistry
(Figure 1E). Research has shown a close association between the
Proteobacteria and inflammation. An increase in Proteobacteria
is indicative of ecological imbalance and an unstable structure of
the intestinal microbiota. This study found that in hemorrhoid
tissues, Proteobacteria is the dominant phylum, suggesting that
the increase in Proteobacteria may be involved in the development
of hemorrhoids.

within

Significant  inflammatory environment

hemorrhoid tissues

To explore the specific regulatory mechanisms by which Gram-
negative bacteria are involved in the development of hemorrhoids,
this study conducted high-throughput transcriptomic sequencing
on 10 pairs of human hemorrhoid tissue and adjacent normal
tissue. Atotal of 151 differentially expressed mRNAs were detected
(Fig. 2A). Among them, 135 mRNAs were significantly upregulated
in hemorrhoid tissues compared to normal tissues (FC > 2, P
value < 0.05). Functional enrichment analysis of the differentially
expressed mRNAs was conducted. GO analysis showed that the
mRNAs that are mainly enriched are related to immune response,
B cell activation, neutrophil degranulation, chemokine-mediated
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signaling pathway, and immune system processes (Figure 2B). signaling pathway, and NF-kappa B signaling pathway (Fig.2C). All
KEGG pathway analysis revealed the involvement of these mRNAs  these results suggest the presence of a significant inflammatory
in inflammatory-related pathways such as B cell receptor signaling  response in hemorrhoid tissues.

pathway, cytokine-cytokine receptor interaction, chemokine
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Figure 1: a significantly higher abundance of Gram-negative bacteria in hemorrhoidal tissue compared to normal tissue revealed by 16S
rRNA sequencing. (A) Microbial composition at the phylum level in hemorrhoidal tissue (PT Group) and normal tissue (NT Group). (B)
Microbial composition at the genetic level in hemorrhoidal tissue (PT Group) and normal tissue (NT Group). (C) Differentially abundant
genera in hemorrhoidal and normal tissue based on LEfSE (LDA=2) analysis. (D) abundance of Gram-negative bacteria and Gram-positive
bacteria in hemorrhoidal tissue (PT Group) and normal tissue (NT Group). (E) Significantly higher levels of lipopolysaccharide (LPS)
components from Gram-negative bacteria in hemorrhoidal tissue compared to normal tissue (n=3). student t-test. P<0.001(***)
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Presence of M1 macrophage polarization and an revealed that, compared to normal tissues, the infiltration of MO
inflammatory response in hemorrhoidal tissues and M1 macrophages in hemorrhoid tissues was significantly
increased (Fig. 3A, B). This result was confirmed by CD86

CIBERSORTx algorithm was used to analyse the differential . . . . .
immunofluorescence analysis of hemorrhoidal tissue sections in

gene expression matrix from the sequencing data. Results
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comparison with normal tissue (Fig.3C). In addition, Western Blot
analysis of CD86 and the functional macrophages marker iNOS in
hemorrhoid tissue showed that the expression levels of the M1
macrophage markers CD86 and iNOS were significantly higher
in the hemorrhoidal tissues than in normal tissues (Fig.3D). It is
evidenced that Gram-negative bacteria cell wall component LPS

can induce macrophages polarization toward the M1 phenotype,
leading to the production of pro-inflammatory responses and
pro-inflammatory factors such as IL-6 and TNF-a. Thus, the
enrichment of Gram-negative bacteria and the occurrence of
inflammation in hemorrhoids may be closely linked through the

polarization of M1 macrophages.
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Figure 2: High-throughput transcriptome sequencing results of hemorrhoidal tissue and adjacent normal tissue. (A) Volcano plot depicting
differentially expressed genes in RNA-seq sequencing results. (B) Enrichment analysis of differentially expressed genes with Gene Ontology
(GO) and (C) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.
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Figure 3: Hemorrhoidal tissue exhibits M1 macrophage polarization and inflammatory response. (A) Analysis of immune cell infiltration in
the gene matrix of hemorrhoidal tissue and normal tissue. (B) Significant differences in the presence of MO and M1 macrophages between
hemorrhoidal tissue and normal tissue (n=3). (C) CD86 immunofluorescence for comparison of the differences in M1 macrophages between
hemorrhoidal tissue (n=5) and normal tissue (n=6). (D) Western Blot analysis of the expression levels of M1 macrophage marker protein
CD86 and functional marker iNOS in hemorrhoidal tissue and normal tissue (n=3). For B-D, P<0.05(*), P<0.01(**), student t-test.
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High expression of VCAM-1 promotes inflammation
and M1 macrophage polarization

Through PPI (Protein-Protein Interaction) analysis, the
top 10 differentially expressed genes from the transcriptome
sequencing data were selected for correlation analysis with MO
and M1 macrophages. The results indicated that VCAM-1 and
MMP-9 have the highest correlation with the infiltration of MO
and M1 macrophages (Table.2) highlighting their important role
in the polarization of M1 macrophages and the pathogenesis
of hemorrhoids. Immunoblotting results confirmed that the

expression levels of VCAM-1 and MMP-9 in hemorrhoid tissues
were significantly higher than in normal tissues (Fig.4A).
RAW?264.7 cells were polarized to M1 with LPS, interference with
the expression of VCAM-1 using RNA interference (si-VCAM1)
resulted in downregulation of M1 macrophage markers, including
CD86 and the pro-inflammatory cytokine TNF-« in the si-VCAM1
group (Fig.4B and C). Moreover, the expression level of MMP-9,
which was predicted to be significantly correlated with VCAM-1,
also showed a decrease (Fig.4C). This demonstrates that the high
expression of VCAM-1 in the hemorrhoidal tissues may promote
the polarization of macrophages.
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Figure 4: VCAM-1 promotes macrophages polarization and MMP9 expression. (A) Protein expression levels of VCAM-1 and MMP9 in
hemorrhoidal tissue (DT) and normal tissue (NT). (B) RAW264.7 cells were induced to undergo M1 polarization with 100 ng/ml LPS, and
gPCR was used to determine the knockdown efficiency of si-VCAM1 (n=3). (C) Western Blot assessing the impact of VCAM1 knockdown on
the expression of M1 macrophage markers (CD86), pro-inflammatory factor (TNF-a), and matrix metalloproteinase (MMP-9) in M1-polarized
macrophages (n=3). For A-C, P<0.05(*), P<0.01(**), P<0.001(***), student t-test.
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Disarray in elastic fibers and high expression of MMP9
in hemorrhoidal tissues

Collagen and elastic fibers are major components of connective
tissue and play a crucial role in maintaining normal tissue
function. As previously mentioned, high levels of activated MMPs
are rapidly produced and released in inflammatory sites. MMP-9
degrades type IV collagen and gelatine and may play an important
role in the degradation of elastic fibers and tissue remodeling and
disarray [18]. A significant correlation between MMP-9 and the

infiltration of polarized macrophages in hemorrhoidal tissues was
observed in this study (Fig.3D). Victoria blue staining revealed
that, compared to normal tissues, hemorrhoid tissues showed
a decrease in collagen volume and a significant reduction in the
relative content of elastic fibers (Fig. 5). This suggests that the
deterioration of connective tissue in hemorrhoids is associated
with marked fragmentation of collagen and elastic fibers, which is
related to the inflammation triggered by M1 polarization, leading
to the promotion of MMP-9 expression.
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Figure 5: Elastic fiber disarray and increased connective tissue are present in hemorrhoidal tissues. (A) Staining of elastic fibers in
hemorrhoidal tissue (left) and normal tissue (right). Elastic fibers appear in blue-black, collagen fibers in red, and muscle fibers and red
blood cells in yellow. (B) ImageJ analysis of the ratio of elastic fiber area to total tissue area in hemorrhoidal tissue (DT) (n=6) and normal
tissue (HT) (n=5). P<0.05(*), P<0.01(**), P<0.001(***), student t-test.
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MMP-9 inhibitor peptide P2 alleviates the development
of hemorrhoids by suppressing M1 polarization

RAW264.7 cells was stimulated with 100 ng LPS to induce
M1 polarization, the induction was verified by qPCR analysis of
M1 macrophage markers CD86 and iNOS, as well as functional
markers MCP-1, IL-1, IL-6, and MMP-9 (Fig.6A). Peptide P2, an
MMP-9 inhibitor designed and synthetized by our team [19], was
then added to the induced M1 macrophages at different doses
(0, 2, 4, 8, 16, and 32uM), then, cells phenotype and functional
status were analysed by Western Blot. The results showed that P2
significantly reversed LPS-induced CD86 expression and inhibited
the expression of the pro-inflammatory factor TNF-a (Fig.6B).
This indicates that peptide P2 can inhibit M1 polarization in
LPS-induced RAW264.7 cells. The impact of peptide P2 on the
expression levels of CD86 was further confirmed (Fig.6C). ROS
levels were also measured using the ROS Assay Kit, observations
under a fluorescence microscope showed a significant reduction
in the green fluorescence area after administration (Fig.6D). These
results suggest that peptide P2 can exert its effects by reducing

ROS levels and oxidation in cells.

In conclusion, the MMP-9 inhibitor peptide P2 mitigates
the development of hemorrhoids by inhibiting M1 macrophage
polarization and the inflammatory response in hemorrhoid
tissues, providing a potential new strategy for exploring novel
treatment approaches.

The expression levels of CD86 in response to peptide P2 were
examined. (D) ROS levels were measured using the DCFH-DA
method, and fluorescence was observed under a microscope. The
results indicate that peptide P2 inhibits the generation of ROS in a
dose-dependent manner.

Discussion

Bacterial infection was previously considered as one
hypothesis for the development of hemorrhoids. However, a high
bacterial load within the anal canal did not impair wound healing
[20], and the local application of antibiotics did not improve
wound healing or reduce infections in hemorrhoids [21]. A recent
meta-analysis showed that the post-haemorrhoidectomy wound
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infection rate was only 1.7% in 1326 patients [22]. It is generally
believed that good blood supply leads to proper wound healing
[23],whichled scientists to believe that microorganisms play avery
limited role in the occurrence and development of hemorrhoids.

However, these data only assessed postoperative recovery and did
not delve into the process of hemorrhoid development. Moreover,
due to traditional methods, some low-abundance microorganisms
were challenging to be investigated.
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P2 was used as a positive control. Western Blot was performed to assess the expression levels of TNF-a and CD86 proteins. P<0.05(#),
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the DCFH-DA method, and fluorescence was observed under a microscope. The results indicate that peptide P2 inhibits the generation of
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This study, for the first time, conducted a comprehensive
analysis of the microbial composition inside hemorrhoidal
tissue using 16S rRNA gene sequencing. The study found
that there was no significant difference in microbial diversity
between the hemorrhoidal tissue and normal adjacent tissue.

Interestingly, the study noted a high abundance of Gram-negative
bacteria inside hemorrhoids and confirmed the widespread
presence of Gram-negative bacteria in clinical samples through
immunohistochemistry (Figure 1D and E). The major component
of the Gram-negative bacterial cell wall, LPS, is known to widely
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participate in the human immune response [24]. This investigation
has, for the first time, discovered and confirmed the high
abundance of Gram-negative bacteria inside hemorrhoids (Figure
1D). When bacteria invade anal tractus, human macrophages
play a role in phagocytosis. Dead Gram-negative bacteria release
a significant amount of LPS, which promotes the polarization of
macrophages into the M1 state. This study found that, compared
to normal tissue, there was severe disruption of elastic fibers

within hemorrhoid tissues (Figure 5). Subsequent transcriptome
data also indicated the presence of a widespread inflammatory
environment inside hemorrhoids (Figure 2 and 3). Through
immune infiltration analysis, it was observed that there was a
high infiltration of MO and M1 macrophages within hemorrhoids,
further supporting the significant role of Gram-negative bacteria
(Figure 3).
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Figure 7: Mechanism schematic diagram. Gram-negative bacteria are abundant in hemorrhoids, leading to an elevation in lipopolysaccharide,

which promotes the polarization of macrophages towards the M1 phenotype. Overexpression of VCAM-1 promotes the differentiation of

monocytes into macrophages while also enhancing the polarization of M1 macrophages. Excessive secretion of MMP-9 by M1 macrophages

further promotes the occurrence and development of the disease. Peptide P2 simultaneously inhibits MMP-9 and the macrophages
polarization.
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The degradation of connective tissue within the anal
cushion is considered a key factor in the development of
hemorrhoids. S. Willis and colleagues found that collagen
metabolism is deteriorated in hemorrhoid patients [25]. Serra
R. and collaborates found an increased activity of MMP-2 and
MMP-9 within hemorrhoid tissues, which led to the degradation
of collagen and elastic fibers, resulting in connective tissue
deterioration [18]. Fox A and colleagues discovered a familial
inheritance in hemorrhoid patients, leading to the breakdown of
the Treitz muscle and supporting connective tissues degradation
[26], a viewpoint further confirmed by a recent study by Zheng T
et al.[27], who found a genetic susceptibility in hemorrhoids [27].
They identified gene mutations in ELN, SRPX, and COL5A2, which
code for elastic proteins, and overexpression of the MYH11 gene,
which codes for smooth muscle myosin, resulting in functional
impairments of smooth muscle, epithelial, and connective tissues.
However, the molecular pathology of hemorrhoids still requires
further research.

This study further reveals that the polarization of M1
macrophages to aggravated inflammation, changes
in connective tissue, and the subsequent deterioration of
hemorrhoids. In addition, a significant positive correlation
between the high expression of genes VCAM-1 and MMP-9 and

leads

the infiltration of M1 macrophages was revealed by gene analysis
(Figure 7). Subsequent interference with VCAM-1 expression
revealed a significant correlation with M1 polarization of
macrophages and a reduction in MMP-9 expression (Figure 4).
This research also, for the first time, demonstrated the therapeutic
potential ofinhibiting MMP-9 through the use ofarelated inhibitory
peptide, Peptide P2, an MMP-9 inhibitor designed independently
in our laboratory. P2 can inhibit the expression of CD86 and
TNF-a, confirming suppression of macrophage polarization into
the M1 state. Additionally, it can significantly inhibit the formation
of reactive oxygen species (ROS) (Figure 6). Therefore, peptide P2
has the potential to alleviate symptoms in various ways and could
be applied in the treatment of hemorrhoids.

Conclusion

This study, for the first time, employed 16SrRNA gene
sequencing combined with transcriptome sequencing to classify
the microbial community in hemorrhoid tissues. It revealed a high
abundance of Gram-negative bacteria in hemorrhoids, leading
to an increase in LPS content, which promotes the polarization
of macrophages into the M1 state. This, in turn, elevated the
expression of VCAM-1 and MMP9, thereby exacerbating the
deterioration of hemorrhoidal tissue. On one hand, this increased
the degree of inflammation, and on the other hand, it intensified
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the deterioration of connective tissue. The research team
designed the MMPs inhibitory peptide P2, which can inhibit
M1 macrophage polarization and reduce ROS production, thus
mitigating the development of hemorrhoids. In summary, this
study has provided an insight into the mechanisms underlying
the development of hemorrhoids, offering new strategies for their
treatment.
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