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miR‑27a‑3p promotes 
inflammatory response 
in infectious endophthalmitis 
via targeting TSC1
Yanting Chen *, Shanxiang Li  & Hong He 

Infectious endophthalmitis (IE) poses a significant threat to vision. This study aimed to explore 
the impact of microRNA (miR)‑27a‑3p on inflammation in IE. A rat model was developed through 
intravitreal injection of lipopolysaccharide. Clinical and demographic data were collected for 54 
participants: 31 diagnosed with IE and 23 non‑infectious patients with idiopathic macular holes. 
Expression levels of miR‑27a‑3p and inflammatory genes were quantified via reverse transcription 
quantitative polymerase chain reaction. Concentrations of inflammatory cytokines in human vitreous 
samples were measured using enzyme‑linked immunosorbent assay. In vitro studies were conducted 
to explore the target gene of miR‑27a‑3p. The final animal experiments further verified the role of 
miR‑27a‑3p and tuberous sclerosis complex (TSC)1 in inflammatory responses. Results showed that 
miR‑27a‑3p was elevated in LPS‑treated rats and IE patients. Thirty‑one IE patients were divided into 
the High (n = 15) and Low (n = 16) groups according to the expression of miR‑27a‑3p. No significant 
differences were observed in baseline clinical and demographic characteristics between the control 
and IE patient groups. Pro‑inflammatory cytokine mRNA levels and concentrations were notably 
increased in both LPS‑treated rats and the High group of patients. Besides, results showed that TSC1 
is a target gene of miR‑27a‑3p. Moreover, TSC1 inhibition promoted inflammation in rat vitreous 
samples. In summary, our findings suggested that miR‑27a‑3p exacerbated inflammatory responses 
in IE though targeting TSC1, offering novel insights for potential therapeutic strategies targeting miR‑
27a‑3p in the clinical management of IE.
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Endophthalmitis, a severe ocular condition, is bifurcated into infectious endophthalmitis (IE) and non-infectious 
endophthalmitis. IE arises from microbial invasion into ocular tissues, triggering an inflammatory cascade. 
Despite its relatively low prevalence, IE represents a significant threat to visual acuity, often precipitating symp-
toms such as vision loss, ocular discomfort, and in extreme cases, necessitating  enucleation1. The vitreous humor, 
occupying the largest volume within the eye, resides posteriorly between the lens and retina. Characterized by 
its clear, gelatinous consistency primarily composed of  water2, it plays a pivotal role in maintaining the eye’s 
structural integrity. Key clinical manifestations of IE encompass conjunctival injection, sudden vision decline, 
and vitreous opacification. While intravitreal antibiotic administration constitutes the cornerstone of IE therapy, 
persistent inflammation and recurrence pose ongoing  challenges3,4. Consequently, elucidating the underlying 
pathophysiological mechanisms of IE and identifying innovative therapeutic targets becomes imperative.

Cytokines, as key intercellular signaling molecules, function as chemical messengers and chemoattractants, 
orchestrating the initiation, maintenance, and resolution phases of immune  responses5. Secreted by leukocytes, 
including lymphocytes and macrophages, as well as ocular resident cells, they underpin critical biological pro-
cesses such as antigen recognition, leukocyte recruitment, pathogen clearance, and tissue  repair5. This dual 
role encompasses both pro-inflammatory and anti-inflammatory cytokines, which are integral to immune 
 regulation6. Pro-inflammatory cytokines serve as the vanguard in infectious and non-infectious inflammatory 
conditions, driving and perpetuating the inflammatory cascade. Conversely, anti-inflammatory cytokines, act-
ing as a counterbalance, exert regulatory functions over their pro-inflammatory counterparts, fine-tuning the 
immune response to prevent tissue  damage6. In the context of IE, cytokine profiles are markedly altered. Studies 
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employing animal models of IE have consistently shown elevated levels of pro-inflammatory cytokines, namely 
interleukin (IL)-1β, IL-6, IL-8, interferon (IFN)-γ, and tumor necrosis factor (TNF)-α5. For example, in a murine 
model infected with Aspergillus fumigatus, there is a pronounced upregulation of TNF-α, IL-1β, and IL-67. This 
pattern is mirrored in other ocular disorders, such as diabetic  retinopathy8 and  glaucoma9, underscoring the 
multifaceted roles cytokines play in ocular health and disease.

MicroRNAs (miRs), pivotal post-transcriptional regulators, function by binding to the 3ʹ untranslated region 
(3’UTR) of target messenger RNAs (mRNAs), thereby modulating gene  expression10. Among them, miR-27a-3p, 
situated on chromosome 19 (19p13.1) and comprising 21 nucleotides in  length11, has garnered attention for its 
involvement in diverse  pathologies10,12–14. Notably, earlier research has documented elevated levels of miR-27a-3p 
in aged retinas relative to younger  counterparts15, hinting at its potential role in age-related ocular changes. 
Furthermore, aberrant expression of miR-27a-3p has been linked to diabetic retinopathy, contributing to the 
impairment of human retinal endothelial  cells16. Emerging evidence suggests that this miRNA amplifies disease 
progression by instigating inflammatory  pathways17,18. Despite these insights, the specific contribution of miR-
27a-3p to IE remains unexplored, warranting further investigation.

This study aims to investigate the role of miR-27a-3p in IE in tropical regions of China.

Methods and materials
Establishment of rat model and sample collection
Animal experiment protocols in this study were approved by the Animal Ethics Committee of Hainan Eye 
Hospital and Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University. All 
methods were carried out in accordance with relevant guidelines and regulations. All methods are reported in 
accordance with ARRIVE guidelines for the reporting of animal experiments.

Experiment I
Thirty male Sprague–Dawley rats (180–200 g), sourced from Charles River (Beijing, China), were maintained 
under specific pathogen-free conditions at a controlled temperature of 25 °C with a regulated 12-h light/dark 
cycle. These animals were randomly allocated to two groups: a control group and a lipopolysaccharide (LPS; 
Sigma Cambridge, MA, USA) group, each consisting of 15 rats. LPS (Sigma) was dissolved in sterile saline 
(Sigma) to achieve a concentration of 0.2 g/L. Prior to the experimental procedure, each rat received 1 mg/kg 
ketamine (Sigma) as a baseline anesthetic. Under microscopic guidance, rats in the LPS group were administered 
a 5 μL intravitreal injection of the LPS solution directly into the vitreous cavity, positioned 1 mm posterior to 
the corneoscleral limbus, utilizing a 30-gauge needle and a 10 μL microsyringe. In contrast, the control group 
underwent an identical procedure, substituting the LPS solution with 5 μL of sterile saline. Notably, all intravitreal 
injections were performed exclusively in the right eye of each rat.

At predetermined intervals post-LPS injection—0 h, 24 h, 3 d, and 7 d, three rats were sequentially selected 
from each group. Euthanasia was induced via an intraperitoneal injection of 3% pentobarbital sodium (Sigma). 
Immediately thereafter, the eyeballs were excised, and the retina tissues were meticulously isolated and flash-
frozen in liquid nitrogen for preservation. Simultaneously, the remaining eyeballs were longitudinally sectioned 
on an ice-cooled platform. Following the removal of the crystalline lens, vitreous samples were harvested. To 
maintain sample integrity, 2.5 mL of ice-cold saline per gram of tissue was added to the vitreous samples. Using 
an ultrasonic homogenizer, the samples were processed under cryogenic conditions to create a vitreous homoge-
nate. Subsequently, the homogenate underwent centrifugation at 16,000 × g for 10 min at 4 °C. The resultant 
supernatant was carefully collected and stored at − 80 °C for subsequent analyses.

Experiment II
Twenty-four rats were randomly divided into four groups: control, LPS, LPS + AntagomiR-27a-3p + LV-sh-NC, 
and LPS + AntagomiR-27a-3p + LV-sh-tuberous sclerosis complex (TSC)1, with six rats in each group. The LPS 
group rats were treated with LPS for 24 h. Each rat in the LV-sh-NC or LV-sh-TSC1 groups was intravenously 
administered 5 ×  107 TU LV-sh-NC or LV-sh-TSC1 in 200 μL PBS once a week continuously for four weeks. 
To inhibit the expression of miR-27a-3p in vivo, the rats were then injected with the miR-27a-3p antagomiR 
(200 nM; RiboBio Biotech Co., Ltd., Guangzhou, China) through the tail vein and administered every other day 
for a total of seven times. Finally, retinal and vitreous tissues of all rats were collected and stored according to 
the methods in experiment I.

Hematoxylin–eosin (H&E) staining
Rat retina tissues were fixed in 10% formaldehyde solution (Thermo Fisher Scientific, Carlsbad, CA, USA) for 
48 h, followed by a thorough washing under running water for 24 h. Subsequently, tissues underwent routine 
paraffin embedding using an automated embedding station (Leica Microsystems Trading LTD., Shanghai, China). 
The embedded tissues were then sectioned into slices of 5 μm thickness. To prepare the sections for histological 
analysis, they were placed in an incubator maintained at 60 °C (Bowen Instrument Co., Ltd., Shanghai, China) 
for 1 h. Following incubation, sections were deparaffinized with xylene (Thermo Fisher Scientific) and rehydrated 
through a graded series of ethanol washes (Thermo Fisher), concluding with a water rinse. Hematoxylin staining 
(Beyotime Biotechnology, Shanghai, China) was applied for 10 min, after which sections were rinsed under run-
ning water to remove excess stain. Differentiation was achieved with a brief immersion in 5% acetic acid (Thermo 
Fisher) for 1 min, before proceeding to eosin staining (Beyotime Biotechnology) for 3 min. Upon completion 
of staining, sections were dehydrated, cleared in xylene, and mounted using neutral balsam (Solarbio Science & 
Technology Co. Ltd., Beijing, China) once dried. Digital images of the stained sections were acquired using an 
optical microscope (Pulnix, Sunnyvale, CA, USA) equipped with a digital camera for high-resolution imaging.
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Preparation of miR samples and microRNA sequencing (miR‑seq)
Total RNA was isolated from rat retina tissues using Trizol Reagent (Vazyme Biotechnology Co., LTD., Nan-
jing, China), and the concentration and quality were measured using a NanoDrop spectrophotometer (Thermo 
Fisher). NEBNext Multiplex Small RNA Library Prep Set for Illumina (New England Biolabs Inc., Ipswich, MA, 
USA) was used for constructing small RNA libraries based on the manufacturer’s instructions. Briefly, 1 µg 
total miRs was ligated to 3ʹ and 5ʹ adapters using Ligation Enzyme Mix. Ligated RNA products were reverse 
transcribed using Superscript II reverse transcriptase and amplified by polymerase chain reaction. Small RNA 
libraries were quality controlled and quantified using the Agilent High Sensitivity DNA Assay on the Bioanalyzer 
2100 System. The small RNA library was then sequenced on NovaSeq 6000 platform (Illumina, San Diego, CA, 
USA) by Personal Biotechnology Co. Ltd. (Shanghai, China).

miR sequencing data analysis
Differentially expressed miRs were identified using DESeq (v1.18.0, https:// www. huber. embl. de/ users/ anders/ 
DESeq/). R language was used to analyze the data, and the differentially expressed miRs were defined as p < 0.05 
and |log2(fold change)|> 1. Pheatmap software package of R was used to perform bidirectional cluster analysis on 
all miRs. The distance was calculated by the Euclidean method, and miRs were clustered using the hierarchical 
clustering longest distance method (Complete Linkage). Heatmap was made by the HemI 1.0 software (http:// 
hemi. biocu ckoo. org/ index. php).

Human study design and sample collection
This study was approved by Hainan Eye Hospital and Key Laboratory of Ophthalmology, Zhongshan Ophthalmic 
Center, Sun Yat-sen University. The study included 31 patients diagnosed with IE and 23 non-infectious patients 
with idiopathic macular holes. Patients were excluded if the vitreous sample was inadequate after routine micro-
biology workup. Basic information of all patients was collected and shown in Table 1. All patients underwent 
complete ophthalmological examinations, including B-scans, slit-lamp biomicroscopy, and visual acuity (VA) 
measurements. The best-corrected visual acuity measurements were converted to the logarithm of the minimum 
angle of resolution (logMAR)19 for comparative analysis. The initial VA was recorded on the same day of the 

Table 1.  Clinical characteristics of the study population. a Pearson’s χ2 test.

Characteristic Controls (n = 23)

Infectious endophthalmitis 
(n = 31) miR-27a-3p

p-valueHigh (n = 15) Low (n = 16)

Age (yr), median ± SD 41.17 ± 15.44 55.73 ± 18.66 47.88 ± 16.87 0.228

Gender (male:female), n 13:10 7:8 10:6 0.376a

Diagnosis, n –

 Postoperative (cataract surgery) – 8 7

 Traumatic – 3 5

 Endogenous – 4 4

 Macular hole/macular edema 20 – –

 Rhegmatogenous retinal detachment 3 – –

Initial visual acuity (logMar) –

 0.6–2 10 8 4

 2.6 8 3 4

 3.2 5 4 8

Final visual acuity (logMar) –

 0.4–1.3 7 5 3

 2–2.9 7 6 5

 3–3.2 9 4 8

Evisceration, n – – –

Inflammation/polymorphs (vitreous), n –

 0–3 – 3 5

 0–5 – 3 6

 0–10/0–plenty – 9 5

Surgical interventions, n –

 < 2 21 4 9

 ≥ 2 2 11 5

Pathogenic microorganisms –

 Gram positive – 9 12

 Gram negative – 1 0

 Fungal – 5 4

https://www.huber.embl.de/users/anders/DESeq/
https://www.huber.embl.de/users/anders/DESeq/
http://hemi.biocuckoo.org/index.php
http://hemi.biocuckoo.org/index.php
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endophthalmitis diagnosis and the final VA after six months of follow-up. The vitreous samples were aseptically 
collected from all 54 patients during vitrectomy and transferred into a presterilized microcentrifuge tube, and 
stored at -80 °C for further analysis.

Reverse transcription‑quantitative polymerase chain reaction (RT‑qPCR)
Human vitreous samples miR was obtained by the miRNeasy Mini Kit (Qiagen, Venlo, Netherlands) according 
to the manufacturer’s instructions. Total RNA from rat vitreous samples was extracted by TriZOL. The quality 
and concentration of miR and RNA were detected using a NanoDrop spectrophotometer. miR 1st Strand cDNA 
Synthesis Kit and HiScript III 1st Strand cDNA Synthesis Kit (Vazyme) were used for reverse transcription. Real 
time PCR was carried out using the miScript SYBR Green PCR kit (Qiagen) and Taq Pro Universal SYBR qPCR 
Master Mix kit (Vazyme) according to the provided conditions. The used primers were obtained from Genescript 
Biotech Co., LTD., (Nanjing, China) and listed in Table 2. RNU6B and GAPDH were used as the internal control. 
The genes expression were calculated by the  2−ΔΔCT method.

Enzyme‑linked immunosorbent assay (ELISA)
The expression of IL-1α, IL-6, IL-8, IL-10, TNF-α, IFN-γ and granulocyte–macrophage colony-stimulating factor 
(GM-CSF) in human vitreous samples were detected by specific ELISA kits (KangChen Biotechnology Co. Ltd., 
Shanghai, China) according to the instructions. The antibody was diluted with carbonate buffer (0.05 M, pH 
9.6) to a protein content of 1–10 μg/ml. Then, 0.1 ml of diluted antibody was added to polystyrene plate at 4℃ 
overnight. The next day, the solution was discarded and the well was washed by washing buffer 3 times, for 3 min 
each time. Then, 0.1 mL of prepared vitreous supernatant was incubated at 37 °C for 1 h, followed by incubated 
with 0.1 mL of freshly diluted enzyme labeled antibody at 37 °C for 30 min. Subsequently, 0.1 mL of tetrame-
thyl benzidine substrate solution was added to each well to incubate at 37 °C for 30 min. A total of 0.05 mL of 
sulfuric acid (2 M) was added to stop the reaction. The absorbance of each well was measured at 450 nm on the 
microplate reader (Thermo Fisher).

Bioinformatic analysis
The Targetscan (https:// www. targe tscan. org/ vert_ 80/), starbase (https:// rnasy su. com/ encori/ panCa ncer. php), 
and MicroRNA Target Prediction (miRDB; https:// mirdb. org/) databases were used to predict the suspicious 

Table 2.  Primer sequences used in RT-qPCR. RT-qPCR reverse transcription quantitative polymerase chain 
reaction; miR microRNA; RNU spliceosomal RNAs; TNF tumor necrosis factor; IL interleukin; TSC1 tuberous 
sclerosis complex 1; ID4 inhibitor of differentiation 4; PAX9 paired box 9; PLEKHH1 pleckstrin homology, 
MyTH4 and FERM domain containing H1; NRP2 neuropilin-2; TMCC1 transmembrane and coiled-coil 
domain family 1; RUNX1 Runt-related transcription factor 1; CDR2 complementarity determining region 2; 
B4GALT3 beta-1,4-galactosyltransferase 3; SYNRG synergin gamma; HIPK2 homeodomain-interacting protein 
kinase 2; SEMA7A semaphorin 7A; RELN reelin; PDK4 pyruvate dehydrogenase kinase 4; ST6GALNAC3 ST6 
N-acetylgalactosaminide alpha-2,6-sialyltransferase 3; GAPDH glyceraldehyde-phosphate dehydrogenase.

Name Forward (5ʹ-3ʹ) Reverse (5ʹ-3ʹ)

miR-27a-3p CCG CTC GAG ACT GGC TGC TAG GAA GGTG GCG AAT TCT TGC TGT AGC CTC CTT GTC 

RNU6B GCG AAT TCT TGC TGT AGC CTC CTT GTC AAC GCT TCA CGA ATT TGC GT

TNF-α GTG AGG AGG ACG AAC ATC GAG CCA GAA GAG GTT GAG 

IL-1β CCG TGG ACC TTC CAG GAT GA GGG AAC GTC ACA CAC CAG CA

TSC1 CAA CAA GCA AAT GTC GGG GAG CAT AGG GCC ACG GTC AGA A

ID4 TCC CGC CCA ACA AGA AAG TC CCA GGA TGT AGT CGA TAA CGTG 

PAX9 GGA GGA GTG TTC GTG AAC GG CGG CTG ATG TCA CAC GGT C

PLEKHH1 GGT GAC ACT CAA GTT GGC AAA TCT GAA TAG CTT CTA GCG CATCT 

NRP2 GCT GGC TAT ATC ACC TCT CCC TCT CGA TTT CAA AGT GAG GGTTG 

TMCC1 AAG TCT GGT CAG GAG ATG ACAG TAC TTC CAA CCG TTC GAT CCG 

RUNX1 CTG CCC ATC GCT TTC AAG GT GCC GAG TAG TTT TCA TCA TTGCC 

CDR2 ATG CTG GCG GAA AAC CTG G CCA CTT GCT TCG TCA GAT ACTC 

B4GALT3 CGA GAT CAG GGA CCG ACA TTT GAT CGT TCT GGA CAG TAG GGC 

SYNRG TCA TGC AGC CTA ATA TGC AAGG GCA TTG GTC CCA TTG GTA TTCC 

HIPK2 CCC GTG TAC GAA GGT ATG GC AGT TGG AAC TCG GCT CTA TTTTC 

SEMA7A TTC AGC CCG GAC GAG AAC T GAA CCG AGG GAT CTT CCC AT

RELN CAA CCC CAC CTA CTA CGT TCC TCA CCA GCA AGC CGT CAA AAA 

PDK4 GGA GCA TTT CTC GCG CTA CA ACA GGC AAT TCT TGT CGC AAA 

ST6GALNAC3 TGC TGG TTG TGC GTC TTG TAA GCC TGT ATG TGT AGG AGA ATGGT 

GAPDH AAT GGA TTT GGA CGC ATT GGT TTT GCA CTG GTA CGT GTT GAT 

https://www.targetscan.org/vert_80/
https://rnasysu.com/encori/panCancer.php
https://mirdb.org/
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target for miR-27a-3p. Finally, we screened the fifteen target genes that were co-expressed in the three databases 
for further analysis.

Cell culture and treatment
Human embryonic kidney (HEK)-293 T cells were purchased from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China) and maintained in the DMEM (Thermo Fisher) containing 10% FBS and 1% 
penicillin/streptomycin. All cells were incubated in a humidified incubator at 37 °C with 5%  CO2. HEK-293 T 
cells were transfected by miR-27a-3p inhibitor (antimiR-27a-3p; 60 nM; Sigma) or negative control miR-27a-3p 
(antimiR-NC; 60 nM; Sigma).

Dual‑luciferase reporter assay
The cDNA sequences of TSC1 was cloned into the pGL3 luciferase reporter vector (Genecreate, Biotech Co., Ltd., 
Wuhan, China) to generate pGL3-wild type (WT) plasmids. Introduction of mutations into pGL3-WT yielded 
pGL3-mutant type (MUT) plasmids using the QuikChange II Site-Directed Mutagenesis kit (Agilent Technolo-
gies, Inc.). Subsequently, HEK-293 T were transfected with pGL3-WT and pGL3-MUT using Lipofectamine 
3000 (Thermo Fisher) for 48 h. Luciferase activity was then measured with the Dual-Luciferase® Reporter Assay 
System Kit (Promega, Madison, WI, USA) and normalized to the activity of Renilla luciferase. The ratio of firefly 
to Renilla luciferase activity was calculated as the relative luciferase activity.

RNA immunoprecipitation (RIP) assay
RIP assay was employed to investigate the interaction between TSC1 and miR-27a-3p in HEK-293 T cells by a 
commercial RIP Kit (Geneseed Biotech Co., Ltd., Guangzhou, China). HEK-293 T cells were lysed in 400 μL 
complete RIP lysis buffer at 4 °C for 30 min. Following centrifugation (12,000 rpm, 10 min), the cell superna-
tant was harvested. The supernatant (100 μL) was designated as the Input group, while 900 μL of supernatant 
underwent pre-treatment with protein A + G beads at 4 °C for 10 min. Subsequently, protein A + G beads (200 
μL) were combined with antibodies at 4 °C for 2 h. The antibody-bead complex was then incubated with the 
supernatant at 4 °C for 12 h. Following the washing steps, RNA extraction was performed, and the expression 
of TSC1 was quantified using qPCR.

Statistical analysis
Statistical analysis for miR-seq was performed using the hypergeometric distribution method. The SPSS 21.0 
software was used to analyze data. Data are expressed as mean ± standard deviation (SD). Student’s t-test was 
used for comparison between the two groups. Statistical analyses were performed using GraphPad Prism software 
(v8.0.1, GraphPad Software Inc., San Diego, CA, USA). Categorical variables were compared between groups 
using Pearson’s χ2 test. p < 0.05 indicates that the difference is statistically significant.

Ethics approval and consent to participate
The human study was performed in line with the principles of the Declaration of Helsinki. Approval was granted 
by the Ethics Committee of Hainan Eye Hospital and Key Laboratory of Ophthalmology, Zhongshan Ophthalmic 
Center, Sun Yat-sen University. All methods were carried out in accordance with relevant guidelines and regula-
tions. All methods are reported in accordance with ARRIVE guidelines for the reporting of animal experiments.

Results
Increased expression of miR‑27a‑3p in LPS‑treated retina tissues
Rats were treated with LPS for 0 h, 24 h, 3d, and 7 d, and H&E staining was performed to visualize the injury of 
retina tissues. The results showed that after LPS treated for 24 h, intraocular neutrophils were infiltrated and the 
blood-eye barrier was destructed in rat retina tissues. With the extension of LPS treatment time (3 d and 7 d), the 
number of intraocular inflammatory cells was decreased and neutrophils were disappeared (Fig. 1A). Therefore, 
LPS treatment for 24 h was selected for subsequent experiments. The significantly differentially expressed miRs 
between the control and LPS groups were illustrated in the heatmap (Fig. 1B) and volcanic map (Fig. 1C). MiR-
27a-3p was upregulated in the LPS group (Fig. 1B,C). The role of miR-27a-3p in IE has not been studied, thus 
we explored this in the present study. The mRNA levels of IL-1β and TNF-α in vitreous samples were increased 
in the LPS group compared with that in the control group (Fig. 1D,E).

Increased expression of miR‑27a‑3p in vitreous from patients with IE
Via RT-qPCR analysis, we observed a significant upregulation of miR-27a-3p in vitreous samples obtained from 
patients diagnosed with IE, in comparison to the control cohort (Fig. 2A). To further delineate the clinical rel-
evance of this finding, we quantified miR-27a-3p expression in vitreous samples from a cohort of 31 IE patients. 
Based on these measurements, patients were stratified into two groups: those exhibiting miR-27a-3p expression 
above the calculated median were designated as the ‘High’ expression group, whereas individuals with expression 
levels at or below the median were categorized into the ‘Low’ expression group. Statistical evaluation revealed 
no significant disparity in patient age between the ‘High’ and ‘Low’ miR-27a-3p expression groups (Fig. 2B).

Clinical characteristics of the study population
As shown in Table 1, a total of 54 patients, including 31 patients with IE (male, 17; female, 14) and 23 non-
infectious controls (male, 13; female, 10) were recruited in the present study. Patients with IE were caused by 
surgery, trauma, endogeny, and the controls were Macular hole/macular edema or rhegmatogenous retinal 
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Figure 1.  Increased expression of miR-27a-3p in LPS-treated retina tissues. (A) H&E staining of retina 
tissues at 0 h, 24 h, 3 d, and 7 d after LPS injection; (B) Differentially expressed miRs between the control 
and LPS groups are shown using heatmap; (C) Upregulated (red), downregulated (blue), and non-significant 
miRs (black) between the control and LPS groups using volcano plot; The mRNA levels of (D) IL-1β and (E) 
TNF-α in vitreous samples in the control and LPS groups were measured by RT-qPCR. (***p < 0.001). LPS 
lipopolysaccharide; H&E Hematoxylin–eosin; IE infectious endophthalmitis; IL-1β interleukin-1β; TNF-α 
tumor necrosis factor receptor-α; RT-qPCR reverse transcription-polymerase chain reaction; miR-27a-3p 
microRNA-27a-3p.
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detachment. There were no differences in age, sex, initial VA, final VA, inflammation/polymorphs (vitreous), 
surgical interventions, and pathogenic microorganisms between the control and IE groups.

Increased pro‑inflammatory cytokines levels in patients with high miR‑27a‑3p expression
The concentration ranges of inflammatory cytokines are shown in Table 3. Compared with the ‘Low’ expression 
group, the ‘High’ expression group exhibited significantly elevated concentrations of IL-1α, IL-1β, IL-6, IL-8, 
IL-10, TNF-α, and IFN-γ (Fig. 3A–G). Notably, the GM-CSF level did not exhibit any significant differences 
between the two groups (Fig. 3H).

TSC1 is a target gene of miR‑27a‑3p
The Targetscan, starbase, and miRDB databases were used to predict the suspicious target for miR-27a-3p. Results 
indicated that fifteen target genes that were co-expressed in these three databases (Fig. 4A). After transfecting 
antimiR-27a-3p into HEK-293 T cells, the expression of miR-27a-3p was suppressed (Fig. 4B). Next, RT-qPCR 
was performed to detect the mRNA levels of fifteen possible target genes of miR-27a-3p. The findings suggested 
that after miR-27a-3p inhibition, the mRNA level of TSC1 was upregulated, while the expression of other fourteen 
genes showed no significant changes after miR-27a-3p inhibition (Fig. 4C). The binding site of miR-27a-3p was 
predicted using starbase database (Fig. 4D). Furthermore, the dual-luciferase experiment validated that transfec-
tion with antimiR-27a-3p significantly increased luciferase activity in HEK-293 T cells (Fig. 4E). Moreover, RIP 
results implied that miR-27a-3p interacted with the mRNA of TSC1 in HEK-293 T cells (Fig. 4F).

Figure 2.  Increased expression of miR-27a-3p in vitreous from patients with IE. (A) RT-qPCR was used 
to detect the expression of miR-27a-3p in vitreous samples from control and IE groups; (B) According to 
the expression level of miR-27a-3p, 31 IE patients were divided into high expression (High) group and low 
expression (Low) group. The age between the two groups was compared by Student’s t-test. (***p < 0.001). IE 
infectious endophthalmitis; RT-qPCR reverse transcription-quantitative polymerase chain reaction; miR-27a-3p 
microRNA-27a-3p.

Table 3.  The concentration ranges of inflammatory cytokines in the high and low groups were detected by 
ELISA. IL interlukine; TNF-α tumor necrosis factor α; IFN-γ interferon-γ; GM-CSF granulocyte–macrophage 
colony-stimulating factor; ELISA enzyme-linked immunosorbent assay; miR-27a-3p microRNA-27a-3p.

Markers

Concentration range (pg/mL)

p-valueHigh (n = 15) Low (n = 16)

IL-1α 812.4–47,692.4 4817.6–75,139.5 0.005

IL-1β 1562.1–15,521.5 2668.6–38,463.4 0.003

IL-10 94–657.7 883.1–4666 < 0.001

IL-8 422.5–4781.3 2538–15,317.9 < 0.001

IL-6 307.1–1579.5 770.6–2550.6 < 0.001

TNF-α 84.5–365.3 283.8–4369 < 0.001

IFN-γ 15.3–302.8 21.1–1588.9 < 0.001

GM-CSF 51.5–375.8 69.2–368.5 0.227
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TSC1 inhibition promoted inflammation in vitreous samples
To further explore the role of miR-27a-3p and TSC1 in vivo, antagomiR-27a-3p, LV-sh-NC, and LV-sh-TSC1 were 
injected into rats. RT-qPCR results indicated that LPS group showed lower TSC1 expression compared with the 
control group (Fig. 5A). Besides, compared with the LV-sh-NC group, TSC1 inhibition showed the infiltrated 
intraocular neutrophils and the destructed blood-eye barrier in rat retina tissues (Fig. 5B). In addition, in con-
trast to the LPS group, the concentration of IL-1α, IL-1β, IL-6, IL-8, TNF-α, and IFN-γ in vitreous samples in 
LV-sh-NC group were decreased. Moreover, the IL-10 and GM-CSF contents were increased in LV-sh-NC group 
in comparison to the LPS group. Furthermore, compared with the LV-sh-NC group, TSC1 inhibition increased 
the concentration of IL-1α, IL-1β, IL-6, IL-8, TNF-α, and IFN-γ in vitreous samples, while the contents of IL-10 
and GM-CSF showed reversed results (Fig. 5C–J).

Discussion
IE, a rare but severe form of ocular inflammation, typically arises from microbial invasion of ocular tissues. Our 
study utilized a rat model of IE, established through intravitreal injection of LPS, to investigate the underlying 
mechanisms. We observed that a 24-h LPS exposure triggered infiltration of intraocular neutrophils and disrup-
tion of the blood-eye barrier in rat retinal tissues, indicative of a robust inflammatory response. Comparative 
analysis of miRNA expression profiles between control and LPS-treated groups revealed a significant upregulation 
of miR-27a-3p in the latter. Notably, the role of miR-27a-3p in IE had not been previously explored, prompting 
us to delve deeper into its potential implications in this context. Elevated mRNA levels of IL-1β and TNF-α 
were detected in the LPS group, highlighting the induction of an inflammatory cascade in response to IE. IL-1β 
and TNF-α are prototypical pro-inflammatory cytokines, central to the inflammatory process. A parallel study 
demonstrates that endophthalmitis induced by intravitreal injection of Candida albicans results in sustained 
ocular inflammation and heightened levels of IL-1β, IL-6, and TNF-α20. Moreover, the accumulation of various 
pro-inflammatory factors in ocular fluids and retina tissues has been suggested as a potential diagnostic marker 
for diabetic  retinopathy21, underscoring the significance of inflammatory mediators in ocular pathologies.

Within the context of our human study, we observed an upregulation of miR-27a-3p in vitreous samples 
derived from patients suffering from IE. Strikingly, subjects exhibiting high miR-27a-3p expression also displayed 
elevated concentrations of IL-1α, IL-1β, IL-6, IL-8, IL-10, TNF-α, and IFN-γ within their vitreous samples. This 
results indicated that miR-27a-3p expression exacerbated the progression of IE via promoting inflammatory 
responses. Prior research corroborates our findings, demonstrating that miR-27a-3p plays a pivotal role in 
amplifying inflammatory reactions across diverse pathological  conditions11,22. IE is characterized by purulent 
inflammation of the inner eye  cavity23, a condition where interleukins family of lymphoid factors crucial for 
intercellular communication and regulation of immune responses—assume a critical  role24,25. Indeed, elevated 

Figure 3.  Increased pro-inflammatory cytokines levels in patients with high miR-27a-4p expression. The 
concentrations of (A) IL-1α, (B) IL-1β, (C) IL-6, (D) IL-8, (E) IL-10, (F) TNF-α, (G) IFN-γ, and (H) GM-CSF in 
vitreous samples were measured by ELISA. (**p < 0.01; ***p < 0.001). IL interleukin; TNF-α tumor necrosis factor 
α; IFN-γ interferon-γ; GM-CSF granulocyte–macrophage colony-stimulating factor; ELISA enzyme-linked 
immunosorbent assay.
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levels of IL-6 and IL-10 in vitreous samples have been documented in patients with IE of varied  etiologies26. IL-8, 
a potent inflammatory mediator, facilitates the recruitment of polymorphonuclear leukocytes and neutrophil 
infiltration in the context of  endophthalmitis27. Similarly, heightened levels of inflammatory cytokines, includ-
ing IL-1α and IL-1β, have been consistently observed in patients and experimental models of bacterial  IE28–30. 
A murine study further supports this, revealing elevated levels of IL-6, IL-1β, and TNF-α in the vitreous of mice 
afflicted with IE 20. In addition, miR-27a-3p has been found to be involved in the progression of a variety of dis-
eases by regulating inflammatory  responses31,32. Whereas, the role of miR-27a-3p in IE has not been investigated. 
Our study represents the pioneering exploration of miR-27a-3p’s regulatory impact on IE.

TSC1 is a tumor suppressor gene that encodes the growth suppressor protein,  hamartin33. In the present 
study, we found that TSC1 is a target gene of miR-27a-3p. Similarly, TSC1 is a function target of miR-27a-3p and 
the modulation of miR-27a-3p/TSC1 axis could be regarded as to be an effective strategy for multiple myeloma 
 treatment34. Besides, TSC1 is also involved in the regulation of various diseases by serving as a target of other 
miRs, such as miR-301a and miR-222-3p35,36. We also discovered that TSC1 inhibition promoted inflammation 
in vitreous samples, suggesting that miR-27a-3p promoted inflammatory response in IE via targeting TSC1. The 
role of TSC1 in IE has not been investigated. However, stabilizing TSC1 expression has been shown to regulate 
a variety of inflammatory diseases, such as colitis and sterile inflammatory liver  injury37,38.

In conclusion, miR-27a-3p promoted inflammatory response in IE via targeting TSC1, suggesting that miR-
27a-3p could be used as a biomarker for the diagnosis of IE. In the future, miR-27a-3p inhibitors could be 
developed for use in IE patients. The novelty and significance of this study is that for the first time, we have 

Figure 4.  TSC1 is a target gene of miR-27a-3p. (A) The Targetscan, starbase, and miRDB databases were used 
to predict the suspicious target for miR-27a-3p; (B) RT-qPCR analysis of relative expression of miR-27a-3p; 
(C) RT-qPCR was performed to detect the mRNA levels of fifteen possible target genes of miR-27a-3p; (D) 
The binding site between miR-27a-3p and the 3’UTR of TSC1 was predicted, and the mutation site (red) was 
constructed; (E) Transfection with antimiR-27a-3p apparently increased the relative luciferase activity in 
HEK-293 T cells; (F) RIP was performed to analyze the interaction between TSC1 and miR-27a-3p in HEK-
293 T cells. (***p < 0.001). TSC1 tuberous sclerosis complex 1; miR microRNA; RT-qPCR reverse transcription-
quantitative polymerase chain reaction; HEK human embryonic kidney; RIP RNA immunoprecipitation.
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discovered the role of miR in IE. Despite these insights, the intricate mechanisms by which miR-27a-3p influ-
ences the secretion of inflammatory cytokines remain elusive. First, our study lacked research on inflammatory 
signaling pathways. Besides, whether miR-27a-3p could be used as a biomarker of IE severity or prognosis 
remains unknown. We will further explore these limitations in our future studies.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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