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Abstract

Background
Primary open-angle glaucoma (POAG) is a leading cause of irreversible blindness worldwide. Early
diagnosis remains challenging, highlighting the need for reliable biomarkers. In recent years, circulating
microRNAs (miRNAs) have emerged as potential minimally invasive biomarkers in ocular diseases.

Objective
This study aimed to evaluate the expression of two selected miRNAs i.e, miR-210-3p and miR-143-3p, in
plasma and aqueous humor (AH) of POAG patients, cataract patients, and healthy controls, and to
assess their diagnostic potential.

Methods
Plasma and AH samples were collected from 30 POAG patients, 30 cataract patients, and 30 healthy
controls. Small RNAs were isolated, and expression of miR-210-3p and miR-143-3p was quantified by
TaqMan™ qPCR assays using miR-16-5p as an endogenous control and cel-miR-39 as an exogenous
control. Data was analyzed using the 2^−ΔΔCt method. Diagnostic accuracy was assessed by receiver
operating characteristic (ROC) analysis.

Results
miR-210-3p expression was significantly elevated in plasma (median fold change 5.18, p < 0.0001) and
AH (median fold change 2.81, p = 0.0003) of POAG patients compared with cataract and normal
controls. Plasma ROC analysis for miR-210-3p yielded an AUC of 0.862 (95% CI: 0.751–0.936), with
86.2% sensitivity and 87.9% specificity. In contrast, miR-143-3p was significantly upregulated only in AH
of POAG patients (median fold change 8.24, p < 0.0001), but not in plasma. Plasma ROC analysis for
miR-143-3p showed poor diagnostic performance (AUC = 0.597, p = 0.20).

Conclusion
miR-210-3p is consistently elevated in both plasma and aqueous humor of POAG patients, supporting its
potential as a minimally invasive diagnostic biomarker. miR-143-3p shows ocular-specific upregulation
and may provide complementary information on local disease mechanisms. Larger multicenter studies
are warranted to validate these findings and explore their clinical utility in early POAG detection.

Key points
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• Primary open-angle glaucoma, being one of the leading causes of irreversible blindness, requires
biomarkers for its early diagnosis, our study found that a microRNA molecule, miR-210-3p is higher in
people with primary open-angle glaucoma compared to cataract patients and healthy individuals both in
blood and in aqueous humor.

• miR-210-3p could distinguish glaucoma patients using a blood test highlighting its promise as a
minimally invasive diagnostic marker.

• Another microRNA, miR-143-3p, was increased only in aqueous humor in eye suggesting that it may
reflect local disease processes inside the eye rather than serving as a blood based diagnostic marker.

1. INTRODUCTION
MicroRNAs (miRNAs) are 18 to 22 nucleotides long, non-coding RNAs that play a central role in post-
transcriptional gene regulation by acting as imperfect sequence guides and binding to target messenger
RNAs (mRNAs), leading to their translational repression or degradation (1). While their primary function
is to inhibit protein synthesis (2), Some studies have demonstrated that miRNAs may also enhance gene
expression in certain cellular contexts (3). These molecules are essential regulators of a wide array of
biological pathways, including cell proliferation, differentiation, apoptosis, metabolism, immune function,
and stress responses (4). Because of their stability in body fluids and strong association with
pathological states, miRNAs have emerged as promising candidates for use as diagnostic and
prognostic biomarkers in complex diseases (5). Like various tissues, microRNAs are critical regulators
of gene expression in ocular tissues and dysregulation of miRNAs is involved in a wide range of ocular
diseases, including Glaucoma(6).

Primary Open Angle Glaucoma (POAG) is a progressive, chronic optical neuropathy marked by
degenerative changes of RGCs axons, leading to irreversible vision loss (7). It is the most widespread
type of glaucoma, responsible for around 70% of all glaucoma cases globally(8). The global population
of individuals suffering from glaucoma is about 76 million, and this number is expected to soar to
111.8 million by 2040 due to the ageing population (9). Currently, approximately 3% of individuals aged
40–80 years globally are affected by POAG. The prevalence of glaucoma in the South Asian population is
2.1%, while that of POAG is 1.6% (10) (11). POAG develops gradually, with a slow rise in intraocular
pressure (IOP), which is one of the primary risk factors for optic nerve damage (12, 13). In POAG, along
with several pathological changes, there is a slow but progressive blockage of the trabecular meshwork
over the years, reducing outflow and causing an increase in IOP (13), which damages the posterior
structures of the eye, causing perforations in the lamina cribrosa and tissues surrounding the optic nerve
head (14).

Visual field testing, optical coherence tomography (OCT), and intraocular pressure (IOP) measurement
are widely used clinical approaches for glaucoma diagnosis(15). However, these methods typically
identify the disease only after substantial structural and functional damage to the optic nerve has
occurred, thereby limiting the potential for early intervention and increasing the risk of irreversible vision
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loss(16). In ophthalmology, molecular biomarkers have attracted considerable interest because of their
potential to enable earlier detection of glaucoma and provide insights into disease progression (17).
Reported biomarkers include oxidative stress indicators, inflammatory cytokines, and genetic variations
associated with IOP regulation and optic nerve vulnerability (18, 19). More recently, microRNAs have
emerged as promising biomarker candidates for glaucoma diagnosis due to their regulatory roles in
ocular pathophysiology (20).

Building on this, the present study was designed to examine the expression of POAG-related microRNAs
in Pakistani patients, with the aim of identifying population-specific expression patterns and evaluating
their diagnostic potential.

2. METHODOLOGY

2.1 Study Design
The study has been approved by the Research Ethics Committee (REC) of Pak- Austria Fachhochschule
Institute of Applied Sciences and Technology (Approval No. PAF-IAST/2024/21), as well as by the Ethical
Board of Hayatabad Medical Complex (HMC) Peshawar (Approval No. 2244/HEC/B&PSC/2024) and the
study was performed in accordance with the ethical standards as laid down in the Declaration of
Helsinki. Informed written consent was obtained from all patients, and cataract patients were used as
controls to obtain their aqueous humor, as well as age and gender matched healthy controls for
obtaining the blood. A schematic overview of the study design and experimental workflow is shown in
Fig. 1.

All the patients underwent ocular examinations. The intraocular pressure (IOP) was recorded using a
Goldman applanation tonometer, and four mirror indentation gonioscopy was performed for assessment
of anterior chamber angles. Both blood and aqueous humor samples were obtained from POAG patients
undergoing trabeculectomy. Similarly, cataract patients undergoing phacoemulsification were selected
as controls for aqueous humor (AH) samples, with both blood and AH collected from them. Age and
gender matched individuals without any known ocular conditions served as the healthy control group.
However, only blood samples were obtained from healthy controls, as collecting AH from normal
individuals was not feasible. The demographic and clinical characteristics of participants are
summarized in Table 1.



Page 5/24

Table 1
Demographic and Clinical Characteristics of Study Participants Summary of demographic and clinical

characteristics of the study participants in the POAG, cataract, and control groups, including ag e range,
mean age, sex distribution, intraocular pressure, and comorbidities.

Group Number
of
Samples

Age
Range
(Years)

Mean
Age
(Years)

Sex
Distribution
(M/F)

Intraocular
Pressure

Comorbidities

POAG
Patients

30 25–60 48.0 15M/15F > 22 in at
least one
eye

Hypertension;
Diabetes

Cataract
Patients

30 30–70 55.0 20M/10F < 22 in both
eyes

Hypertension;
Diabetes

Normal
Controls

30 25–60 50 18M/12F -- None

The exclusion criteria for patients included diagnosis of any other type of glaucoma (e.g PACG and
PEXG), previous eye trauma, or eye surgery. Moreover, patients affected with POAG but prescribed with
topical eye drops rather than trabeculectomy were also excluded from the study.

2.2 Sample Collection and Processing
Peripheral blood samples were collected from eligible participants who were scheduled to undergo
either cataract or trabeculectomy surgery. Blood was drawn into EDTA tubes and immediately
processed. Plasma was separated by centrifugation at 2000 × g for 10 min and stored at − 80°C until
microRNA isolation.

Aqueous humor samples were obtained under sterile conditions in the operating room. During
trabeculectomy, a 30-gauge needle was used to collect aqueous humor at the time of paracentesis. In
patients undergoing phacoemulsification for cataract surgery, aqueous humor was collected just before
the main incision was made, taking care not to contact the iris or lens(21). Samples were collected in
sterile microtubes and stored at − 80°C until further processing for microRNA isolation.

2.3 MiRNA Selection, Extraction, and quantitative real-time
polymerase chain reaction (qRT-PCR)
For this study, two microRNAs, miR-210-3p and miR-143-3p, were selected for this study based on their
distinct expression patterns in POAG patients, established biological relevance, and strong statistical
significance reported in previous studies (22, 23). Total microRNA was isolated from both aqueous
humor (AH) and plasma samples using the PureLink™ miRNA Isolation Kit (Thermo Fisher Scientific,
USA), following the manufacturer’s instructions. As an exogenous control, 3.5 µL of synthetic
Caenorhabditis elegans miR-39 (cel-miR-39) was added to each plasma and AH sample before
extraction (21, 23).
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cDNA synthesis was performed using the TaqMan™ MicroRNA Reverse Transcription Kit (Applied
Biosystems, Cat. #4366596) according to the manufacturer’s protocol. Quantitative PCR (qPCR) was
conducted with TaqMan™ microRNA assays (Applied Biosystems) specific for miR-210-3p (Assay ID:
000512), miR-143-3p (Assay ID: 002249), and the endogenous reference control miR-16-5p (Assay ID:
000391). The synthesized cDNA was diluted 1:10, and all reactions were run in triplicate on a
QuantStudio™ 7 Flex Real-Time PCR System (Applied Biosystems). Thermal cycling conditions were:
95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 60 seconds. Relative
expression levels were calculated using the 2^−ΔΔCt method. No-template controls (NTC) and reverse
transcription minus (RT-) controls were included in each run to exclude contamination and genomic DNA
amplification. Ct values > 40 were considered undetectable and excluded from analysis.

2.4 Statistical Analysis
All statistical analyses were performed using MedCalc v22.0 (MedCalc Software Ltd) and GraphPad
Prism v9.0 (GraphPad Software, San Diego, CA, USA). Normality of Ct and fold change (2^−ΔΔCt)
distributions was evaluated using the Shapiro-Wilk test. Both variables showed deviation from normality
(p < 0.05); therefore, non-parametric tests were applied.

Differences between two groups were assessed using the Mann-Whitney U test, while comparisons
among three groups were performed using the Kruskal-Wallis test with Conover’s post-hoc correction for
multiple pairwise comparisons. Data are presented as median and interquartile range (IQR). For
visualization, relative expression was shown as fold change, but all statistical analyses were performed
on ΔCt values.

Diagnostic performance was evaluated using receiver operating characteristic (ROC) curve analysis. The
area under the curve (AUC) with 95% confidence intervals (95% CI) was calculated. The Youden index
was used to determine the optimal cut-off, sensitivity, and specificity. p-value < 0.05 was considered
statistically significant.

3. RESULTS

3.1 miR-210-3p expression in plasma and aqueous humor
In plasma, miR-210-3p Ct values differed significantly between groups (Kruskal-Wallis’s test, χ² = 78.10,
df = 2, p < 0.000001). Median Ct values were lowest in POAG patients (29.48; IQR: 28.95–30.12)
compared with cataract (32.02; IQR: 31.75–32.29) and normal controls (34.99; IQR: 34.21–35.96),
indicating higher expression in POAG. Post-hoc Conover analysis confirmed that POAG Ct values differed
significantly from both cataract and normal groups (p < 0.05).

When analyzed as fold change, as shown in Fig. 2, plasma miR-210-3p was markedly elevated in POAG
patients (median 5.18; IQR: 3.65–11.31) compared with cataract (median 1.12; IQR: 0.76–1.84) and
normal controls (median 1.02; IQR: 0.43–2.59) (Kruskal-Wallis χ² = 43.03, p < 0.0001).
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In aqueous humor (AH), Ct values of miR-210-3p showed a trend towards lower values in POAG (median
33.99; IQR: 33.36–34.75) compared with cataract controls (median 34.31; IQR: 33.85–34.81), but the
difference was not statistically significant (Mann-Whitney U = 372, p = 0.25).

Fold change analysis, depicted in Fig. 3, however, demonstrated significantly higher expression in POAG
(median 2.81; IQR: 1.71–4.27) compared with cataract (median 1.12; IQR: 0.47–1.91), Mann–Whitney U 
= 203, Z = -3.65, p = 0.0003.

3.2 miR-143-3p expression in plasma and aqueous humor
In plasma, Ct values of miR-143-3p did not differ significantly among POAG, cataract, and normal groups
(Kruskal-Wallis χ² = 2.39, p = 0.30). Median Ct values were 30.26 (IQR: 29.92–30.80) in POAG, 30.48 (IQR:
29.98–31.07) in normals, and 30.64 (IQR: 30.16–31.42) in cataract. Fold change analysis, depicted in
Fig. 4, however, showed significant differences (Kruskal–Wallis χ² = 11.54, p = 0.003). POAG patients
(median 1.31; IQR: 0.75–1.70) exhibited higher expression compared with normal controls (median 0.60;
IQR: 0.12–1.08, p < 0.05) but not compared with cataract patients (median 0.81; IQR: 0.41–1.74).

In aqueous humor, miR-143-3p Ct values were significantly lower in POAG patients (median 27.41; IQR:
26.98–27.78) than in cataract controls (median 30.18; IQR: 29.83–30.48), Mann–Whitney U = 23, Z = − 
6.31, p < 0.0001. Consistently, fold change analysis confirmed higher expression in POAG (median 8.24;
IQR: 7.44–8.85) compared with cataract (median 6.22; IQR: 4.35–7.14), Mann–Whitney U = 108, Z = − 
5.06, p < 0.0001, which is depicted in Fig. 5.

Fold change values of miR-210-3p and miR-143-3p in plasma and aqueous humor are summarized in
Table 2.
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Table 2
Fold change values of miR-210-3p and miR-143-3p in plasma and aqueous humor. Relative expression
was calculated using the 2^−ΔΔCt method. Median (IQR) fold change values are reported. Kruskal-Wallis

test with post-hoc Conover analysis or Mann-Whitney U test was applied. Fold change values are
provided for interpretability, while statistics were performed on ΔCt values.

miRNA Sample
type

Group Median fold
change (IQR)

Statistical test p-value

miR-210-
3p

Plasma POAG 5.18 (3.651–1.31) Kruskal-Wallis χ² =
43.03

< 
0.000001

  Cataract 1.12 (0.76–1.84)    

Normal
control

1.02 (0.43–2.59)    

miR-210-
3p

AH POAG 2.81 (1.71–4.27) Mann-Whitney U = 203,
Z = -3.65

0.0003

  Cataract 1.12 (0.47–1.91)    

miR-143-
3p

Plasma POAG 1.31 (0.75–1.70) Kruskal-Wallis χ² =
11.54

0.003

  Cataract 0.81 (0.41–1.74)    

Normal
control

0.60 (0.12–1.08)    

miR-143-
3p

AH POAG 8.24 (7.44–8.85) Mann-Whitney U = 108,
Z = -5.06

< 0.0001

  Cataract 6.22 (4.35–7.14)    

3.3 ROC curve analysis
Plasma miR-210-3p showed strong diagnostic accuracy for discriminating POAG patients from controls
(Fig. 6), with an AUC of 0.862 (95% CI: 0.751–0.936, p < 0.0001). At the optimal cut-off (> 3.47-fold
change), sensitivity was 86.2% and specificity was 87.9%. By contrast, plasma miR-143-3p showed poor
discriminatory ability (AUC = 0.597, 95% CI: 0.463–0.722, p = 0.20) (Fig. 7). The diagnostic performance
of plasma miR-210-3p and miR-143-3p is shown in Table 3.

Table 3
ROC curve analysis for plasma miRNAs as potential biomarkers of POAG. Diagnostic performance of

plasma miR-210-3p and miR-143-3p in distinguishing POAG patients from controls. AUC, 95% CI, optimal
cut-off, sensitivity, and specificity are reported.

miRNA AUC 95% CI p-value Cut-off (fold change) Sensitivity Specificity

miR-210-3p 0.862 0.751–0.936 < 0.0001 > 3.47 86.2% 87.9%

miR-143-3p 0.597 0.463–0.722 0.20 (ns) – – –
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4. DISCUSSION
In this study, we investigated the expression of two candidate microRNAs, miR-210-3p and miR-143-3p,
in plasma and aqueous humor (AH) samples from patients with primary open-angle glaucoma (POAG),
cataract patients, and healthy controls. Our results revealed distinct expression patterns: miR-210-3p
was significantly elevated in both plasma and AH of POAG patients, while miR-143-3p showed significant
upregulation only in AH but not in plasma. These findings suggest that miR-210-3p may serve as a
systemic biomarker for POAG, whereas miR-143-3p reflects localized disease activity within ocular
tissues, particularly the trabecular meshwork (TM).

Our data aligns with the growing body of evidence that highlights the importance of microRNAs in POAG
pathogenesis and diagnosis. A recent systematic review and meta-analysis by Rezaei et al. (24)
evaluated the diagnostic potential of circulating miRNAs and identified miR-210-3p as one of the most
frequently validated biomarkers across different populations. The reported sensitivity and specificity of
miR-210 in POAG were within ranges like those observed in our study, where plasma miR-210-3p yielded
an area under the curve (AUC) of 0.862 with 86.2% sensitivity and 87.9% specificity, thus highlighting its
potential as a robust non-invasive biomarker.

Previous experimental studies have demonstrated that miR-210 is upregulated under hypoxic conditions
in retinal and neural tissues. Wang et al. reported that miR-210 apoptosis of neural progenitor cells(25),
while Seong et al. (2025) found that persistent upregulation of miR-210 was associated with RGC loss in
hypoxia-induced retinal injury models (26). Also, elevation of miRNA-210-3p increases the apoptosis of
neuronal cells through the activation of the HIF-1α-VEGF signaling pathway (27). Following this, inhibition
of mir-210-3p in mouse models has demonstrated reversal of elevated intraocular pressure and
decreased ECM deposition in cultured human TM cells (28). A recent study has observed that hypoxic
injury in RGCs induces significant upregulation of miRNA-210-3p (29). Also, another recent work
performed by integrating molecular profiling with advanced machine learning approaches has also
identified that miR-210-3p expression was associated with apoptosis occurrence in trabecular
meshwork cells(30).

Our observation of elevated miR-210-3p in both plasma and AH of POAG patients is consistent with
these mechanistic findings, reinforcing the notion that hypoxia-driven pathways contribute significantly
to POAG pathology(31).

4.1 Mechanistic implications of miR-210-3p dysregulation
miR-210-3p is widely regarded as the “master hypoxa-mir” due to its robust induction under hypoxic
conditions and its broad regulatory effects on mitochondrial metabolism, angiogenesis, and cell survival.
One of its best characterized targets is ISCU, a critical component of the iron–sulfur cluster biogenesis
pathway. Inhibition of ISCU by miR-210-3p results in mitochondrial dysfunction, impaired oxidative
phosphorylation, and enhanced generation of reactive oxygen species (ROS) (31). Elevated expression of
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miR-210-3p in primary pancreatic ductal adenocarcinoma tissues promotes local invasiveness by
inducing mitochondrial dysfunction through suppression of ISCU expression(32).

Beyond mitochondrial regulation, miR-210-3p also promotes endothelial cell proliferation and
angiogenesis by targeting inhibitors of VEGF signaling (33). Vascular dysregulation has been
increasingly recognized as a contributor to glaucoma pathophysiology, with impaired ocular blood flow
and abnormal autoregulation linked to optic nerve damage (34). Our findings, elevated miR-210-3p in
both plasma and AH supports its dual role in driving mitochondrial dysfunction and vascular
abnormalities in glaucoma. Importantly, its detectability in plasma makes it a clinically attractive
biomarker for minimally invasive diagnosis and monitoring. These processes are highly relevant to
POAG, as accumulating evidence implicates mitochondrial damage and oxidative stress in RGC
degeneration (Fig. 8).

4.2 Mechanistic implications of miR-143-3p dysregulation
In contrast, miR-143-3p has been less consistently reported in systemic circulation. Our study revealed
its significant upregulation only in AH samples of POAG patients, suggesting a predominantly local role
in ocular tissues. This result is in partial agreement with prior studies. Li et al. (35) demonstrated that
miR-143-3p is upregulated in TM cells and contributes to aqueous humor outflow resistance by
modulating actin cytoskeletal organization. Similarly, Cordes et al. reported that miR-143 influences TGF-
β induced extracellular matrix (ECM) remodeling in TM cells, further linking it to POAG pathogenesis
(36). RNA sequencing of aqueous humor samples from normal-tension glaucoma patients identified
miR-143-3p as significantly upregulated compared with age-matched controls, along with several other
miRNAs. In TM cells, miR-143 has been shown to interact with TGF-β2 signaling to promote ECM
deposition and cytoskeletal rearrangement. Through activation of the RhoA/ROCK pathway, miR-143
enhances phosphorylation of myosin light chain, leading to increased TM stiffness and reduced aqueous
humor outflow (36). These processes elevate intraocular pressure (IOP), a key driver of glaucomatous
optic neuropathy (Fig. 9). As we observed that miR-143-3p upregulation was confined to AH not in
plasma, this discrepancy between our plasma verses AH results underscores the complexity of POAG
pathophysiology, where both systemic factors (e.g., hypoxia, vascular dysregulation) and local
mechanisms (e.g., TM remodeling) contribute to disease progression. Also, the absence of mir-143-3p in
plasma highlights the limitations of relying solely on single or a small number of microRNAs as
circulating biomarkers for glaucoma diagnosis.

5. CLINICAL IMPLICATIONS
The dual expression pattern of miR-210-3p and miR-143-3p suggests complementary diagnostic roles.
Plasma miR-210-3p, with high diagnostic accuracy, could be developed into a minimally invasive blood-
based biomarker for glaucoma early detection. AH miR-143-3p, although less practical for routine clinical
use, could provide valuable insights into local TM dysfunction, particularly in advanced disease or during
surgical interventions. A combined biomarker panel incorporating both systemic and ocular miRNAs
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may ultimately enhance diagnostic precision, stratify patients by disease stage, and guide personalized
treatment strategies.

From a broader perspective, our findings support the emerging paradigm of liquid biopsy in
ophthalmology. Just as circulating tumor DNA has transformed cancer diagnostics, circulating miRNAs
may revolutionize glaucoma management by enabling earlier detection and real-time monitoring of
disease activity. However, further validation in large, ethnically diverse cohorts is necessary before
clinical implementation.

6. STUDY LIMITATIONS
Despite these promising findings, several limitations must be acknowledged. First, our sample size was
modest (30 patients per group undergoing ocular surgery), which may limit the generalizability of results.
Second, AH samples were only available from patients undergoing ocular surgery, which may introduce
selection bias. Third, systemic comorbidities such as diabetes and hypertension were present in some
participants and may have influenced circulating miRNA profiles. Fourth, only two candidate miRNAs
were analyzed in this study. While both were selected based on strong biological rationale, additional
miRNAs are likely to be dysregulated in POAG and should be explored in future work. Finally functional
validation of these miRNAs in cellular and animal models is necessary to confirm their mechanistic
contributions to glaucoma pathogenesis.

7. FUTURE DIRECTIONS
Future studies should aim to address these limitations by recruiting larger, multicenter cohorts that
encompass diverse ethnic backgrounds. Longitudinal studies are also needed to determine whether
changes in circulating miRNAs precede clinical diagnosis and can predict disease progression. High-
throughput transcriptomic approaches such as RNA sequencing may uncover additional population-
specific miRNA signatures. Moreover, functional studies employing in vitro TM and RGC models, as well
as in vivo glaucoma models, will be essential to elucidate the precise molecular mechanisms of miR-
210-3p and miR-143-3p dysregulation. From a translational perspective, integrating miRNA biomarkers
with imaging modalities (OCT, visual field testing) and IOP measurements may yield multimodal
diagnostic algorithms that enhance early detection and personalized management of POAG.

8. CONCLUSION
This study demonstrates that miR-210-3p and miR-143-3p show distinct expression profiles in primary
open-angle glaucoma (POAG). miR-210-3p was significantly elevated in both plasma and aqueous
humor, linking hypoxia-driven mitochondrial dysfunction with systemic disease signatures and
supporting its role as a minimally invasive circulating biomarker. In contrast, miR-143-3p upregulation
was restricted to aqueous humor, reflecting localized trabecular meshwork remodeling and intraocular
pressure regulation.
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Together, these findings highlight a dual biomarker model: miR-210-3p as a promising plasma-based
marker for POAG detection and monitoring, and miR-143-3p as a complementary ocular-specific marker
of local disease activity. While these results provide important mechanistic and translational insights,
validation in larger and more diverse cohorts is necessary before clinical application.
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Figure 1

Study design and experimental workflow.
Schematic representation of the quantitative case–control design. Samples were collected from POAG
patients (plasma and aqueous humor), cataract patients (plasma and aqueous humor), and healthy
controls (plasma). Experimental workflow included microRNA isolation, cDNA synthesis, qPCR,
statistical analysis, and ROC curve analysis to assess diagnostic potential.
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Figure 2

Relative expression of miR-210-3p in plasma across study groups.

Box-and-whisker plot showing normalized expression levels of miR-210-3p across study groups. A
significant upregulation of miR-210-3p was observed in the POAG group compared with both cataract
and normal controls (p < 0.001, indicated by the asterisk "*").



Page 18/24

Figure 3

Relative expression of miR-210-3p in aqueous humor samples across study groups.
A significant upregulation of miR-210-3p was observed in the POAG group compared with cataract
controls (p < 0.001 indicated by asterisk "*").
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Figure 4

Relative expression of miR-143-3p in plasma across study groups.
Comparison among POAG, cataract, and normal controls but no significant differences were observed.
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Figure 5

Relative expression of miR-143-3p in aqueous humor samples across study groups. POAG eyes
demonstrated significant upregulation of miR-143-3p relative to cataract controls (p < 0.001 indicated by
asterisk "*").
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Figure 6

ROC curve for plasma miR-210-3p
Plasma miR-210-3p showed high diagnostic accuracy (AUC = 0.862, sensitivity = 86.2%, specificity =
87.9%). The area under the curve (AUC) was 0.862 (95% CI: 0.751–0.936, p < 0.0001), indicating strong
discriminative ability. An optimal cut-off fold change of >3.47 was determined using Youden’s index,
providing a sensitivity of 86.2%, meaning that miR-210-3p correctly identified 86.2% of POAG cases, and
a specificity of 87.9%, correctly classifying 87.9% of non-POAG samples (cataract and healthy controls)
as negative.
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Figure 7

ROC curve for plasma miR-143-3p.
Plasma miR-143-3p demonstrated poor diagnostic accuracy (AUC = 0.597, not significant). The area
under the curve (AUC) was 0.597 (95% CI: 0.463–0.722, p = 0.20), indicating poor discriminative
performance and no statistical significance.
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Figure 8

Proposed role of miR-210-3p in POAG pathogenesis

This figure demonstrates the versatile role of miR-210-3p in the development of primary open-angle
glaucoma (POAG). Hypoxic conditions in ocular tissues elevate miR-210-3p expression, which
downregulates ISCU (Iron-Sulfur Cluster Assembly Enzyme), which ultimately leads to mitochondrial
dysfunction and increased oxidative stress [32]. In parallel, miR-210-3p in the trabecular meshwork
promotes ECM accumulation, impairing aqueous humor outflow, and raising intraocular pressure (IOP).
Natural compounds like salidroside have been shown to decrease miR-210-3p levels, thus alleviating
oxidative stress, reducing ECM deposition, and lowering IOP [27].
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Figure 9

Proposed role of miR-143-3p in trabecular meshwork remodeling.

In glaucomatous eyes, elevated levels of TGF-β2 induce the upregulation of miR-143-3p, which
subsequently activates the RhoA/ROCK signaling pathway. This pathway enhances the phosphorylation
of myosin light chains (MLC), increasing myosin activity and promoting contraction of TM cells [34, 35].
These events lead to cytoskeletal remodeling, extracellular matrix (ECM) accumulation, and increased
TM stiffness. The stiffening of TM impairs aqueous humor outflow, resulting in elevated intraocular
pressure (IOP) and optic nerve damage [35].
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