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Plasma miR-19b, miR-34a, and miR-146a expression in
patients with type 2 diabetes mellitus and cataract:
A pilot study

Adina luliana Milcu ®V2:3, Flavia Medana Anghel ®V4, Mirabela Romanescu ®45%, Aimee Rodica Chis ®#5, Andrei Anghel®45,
and Ovidiu Boruga ®2'3

Cataract is among the most common ocular complications in diabetes mellitus (DM). While microRNA (miRNA) dysregulations in DM
have been previously reported, consensus is still lacking concerning miRNA expression in cataract. Furthermore, the miRNA profile in
diabetic cataract patients remains largely unexplored, and data on plasma expression levels are limited. Our study aimed to assess the
plasma levels of three distinct miRNA species (hsa-miR-19b, hsa-miR-34a, and hsa-miR-146a) implicated in the development of cataract
and/or DM. We investigated the circulating miRNA expression in DM patients diagnosed with cataract, compared to a non-DM cataract
group. We employed qRT-PCR for relative quantification experiments and subsequently conducted a correlation analysis between

miRNA expression levels and clinical characteristics. Our findings reveal that hsa-miR-34a and hsa-miR-146a are differentially
expressed in the two cohorts. However, no significant correlation was observed between the clinical variables and miRNA levels.
In summary, our results suggest a potential role for hsa-miR-34a and hsa-miR-146a in the biology of diabetic cataract.
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Introduction

Cataract is the worldwide second largest cause of treatable
visual impairment [1] and the leading cause of blindness [2]. It is
defined as a reduction in the transparency of the crystalline lens
as a consequence of the accumulation of aggregated misfolded
proteins [3, 4]. Cataractogenesis is a multifactorial process [5],
associated with several systemic diseases, including diabetes
mellitus (DM) [6]. The diagnosis is based on the visual acuity
test and the retinal images obtained from biomicroscopy (slit-
lamp exam) or ophthalmoscopy (funduscopic exam) [7, 8]. The
only effective treatment is surgical removal of the opaque lens
and implantation of an intraocular lens [9], a quick and safe
procedure which dramatically improves patients’ vision and
quality of life [10, 11].

Among all systemic diseases that have an impact on catarac-
togenesis, DM remains one of the most significant risk factors
for lens opacification [12]. Conversely, cataract is one of the
most common ocular complications in DM [13]. Different types
of mechanisms have been proposed for DM-related cataractoge-
nesis, such as dysregulations in the polyol pathway [14], osmotic
and oxidative stress [6], and non-enzymatic glycation [15]. Ear-
lier age onset of DM is associated with an increased risk of devel-
oping diabetic retinopathy (DR) [16], and diabetic patients who
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suffer from cataract are at a higher risk of developing DR [17].
Furthermore, cataract formation can hinder the visualization
of the macula and retina, thus masking the level of DR and
resulting in treatment difficulties [1].

MicroRNAs (miRNAs) are short non-coding RNAs that
post-transcriptionally modulate gene expression at the mRNA
level [18] and regulate various cellular processes [19]. In most
cases, miRNAs suppress gene expression by interacting with
the 3’ UTR of target mRNAs or, occasionally, with other regions,
such as 5' UTR, coding sequence, and gene promoters [20]. One
miRNA can alter the stability of up to thousands of different
mRNAs, while an individual mRNA can be targeted by multi-
ple distinct miRNAs [21]. Nowadays, it is acknowledged that
miRNA dysregulation is a causative factor in the progression
of a wide range of human diseases [22]. Tissue miRNAs are
routinely secreted in body fluids (plasma, serum, urine, and
bile), where they show remarkable stability [20, 23], giving
them a high potential to be used as diagnostic and prognostic
biomarkers [24].

The implication of miRNAs in DM pathogenesis has already
been documented [25-27], and studies have also identified sev-
eral dysregulated miRNAs in cataract [28,29]. Most of the
research groups have investigated miRNA expression in lens
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Figurel. Experimental rationale and procedures. cDNA: Circular DNA.
cells or in aqueous humor (AH) - an invasive but useful
approach for understanding how miRNAs mediate the develop-
ment of cataract [30-33]. There is a surprising scarcity of data
regarding the association of cataract with circulating miRNAs,
although serum/plasma collection is less invasive [34]. Further-
more, the miRNA profile in diabetic cataract patients has only
been vaguely investigated [35, 36]. Thus, further research is
needed in order to fully comprehend the relationship between
DM, cataract, and miRNAs. Besides, the identification of specific
and non-invasive biomarkers (such as plasma miRNAs) would
be a valuable asset in achieving early diagnosis and better man-
agement of the disease.

Hsa-miR-19b, hsa-miR-34a, and hsa-miR-146a are miRNA
species that have been previously linked to DM and/or cataract.
The three miRNAs are differentially expressed in various ocular
tissues: miR-19b is dysregulated in retinal epithelial cells and
AH [37, 38], miR-34a level correlates with the severity of lens
opacification and age [39, 40], and miR-146a appears deregu-
lated in diabetic lens, cornea, retina, and AH [35, 41-43]. How-
ever, data on their plasma expression and potential inference
with the occurrence of DM in cataract are missing.

In this study, we aimed to determine to what extent the levels
of has-miR-19b, hsa-miR-34a, and hsa-miR-146a are influenced
by the presence of DM and whether this impacts the features
of cataract. We used the qRT-PCR technique to investigate the
expression profile of the three circulating miRNAs in a group of
cataract patients with associated DM (diabetes mellitus cataract
group [DMCG]), compared toa non-DM cataract group (cataract

group [CG]).

Materials and methods

Study design and settings

The study explores the profile of three circulating miRNA
species in patients with DM and cataract (case group -
DMCG), compared with non-diabetic cataract patients (control
group - CG). Blood specimens were collected and the plasma
miRNA levels were quantified using the qRT-PCR technique.
Experimental rationale and procedures are systematically pre-
sented in Figure 1.

Participants/patient enrollment

All subjects have been enrolled through the Ophthalmology
department/unit of the Timisoara Municipal Emergency Clin-
ical Hospital and have provided their informed consent. Inclu-
sion criteria were the following: documented diagnosis of
cataract that required lens surgery (both groups), documented
medical history of type 2 DM (case group), and provision of
informed consent (both groups). Exclusion criteria included
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Table 1. Demographics of the two cohorts
Case group Control
(DMCG) group (CG)
Enrolled patients, n 50 29
Eligible plasma specimens, n 27 23
Gender ratio, males/females 11/16 7/16
Age (years), mean 69.5+6.2 71.0+7.6
Visual acuity (decimal value), mean 0.31+£0.19 0.34£0.18
Intraocular pressure (mmHg), mean 13.6 £2.0 143427
Fasting glycemia (mg/dL), mean 133.14+20.7 -

Data are presented as mean = standard deviation. DMCG: Diabetes mellitus
cataract group; CG: Cataract group.

cognitive impairment and the inability to sign the informed
consent.

The study enrolled a total number of 79 eligible patients
suffering from advanced cataract that required lens surgery.
The diagnosis of cataract was established by a certified oph-
thalmologist based on the visual acuity test and the biomi-
croscopic examination of the anterior segment of the eyeball.
Clinical and biomicroscopic exams pinpointed specific diagnos-
tic criteria: impaired visual acuity (with and without glasses),
slow reduction in the clarity of vision, and opacification of the
crystalline lens. The case group included patients with a docu-
mented history of type 2 DM, established by a specialist prior to
admission to the Ophthalmology clinic. The diagnostic criteria
included: fasting glycemia higher than 125 mg/dL, and glycated
hemoglobin - HbAlc higher than 6.5%. The demographics and
clinical characteristics of the individuals enrolled in the study
are presented in Table 1.

Blood harvesting and primary processing

Blood specimens were harvested one day prior to the surgi-
cal removal of the lens. The peripheral blood samples were
obtained through puncture of the cubital vein, collected in
EDTA-coated vacutainers, and refrigerated at 4 °C. Within the
next2h, blood samples were centrifuged for 10 min at 1250 rpm,
and the plasma fraction was aliquoted and stored at —80 °C,
until further use. All plasma specimens with signs of hemoly-
sis, turbidity, hyperlipidemia, or hyperbilirubinemia were dis-
carded, to avoid interferences with downstream analyses.

RNA purification
After thawing, plasma specimens were centrifuged for 5 min
at 3000 rpm and 4 °C to eliminate precipitates and cell debris
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Figure 2.
CG: Cataract group; DMCG: Diabetes mellitus cataract group.

contaminants. Total RNA was extracted from a fixed plasma
volume (200 pL), using the miRNeasy Serum/Plasma kit (Qia-
gen, Hilden, Germany), according to the manufacturer’s pro-
tocol. Caenorhabditis elegans (C. elegans) miR-39 miRNA mimic
was used as a spike-in control for external normalization. The
purified RNA samples were stored at —80 °C for downstream
applications.

cDNA synthesis and qRT-PCR

All reverse transcription and real-time PCR amplification
reactions were performed individually for hsa-miR-19b, has-
miR-34a, has-miR-146a, and cel-miR-39. We used the Tagq-
ManTM MicroRNA Reverse Transcription Kit (Thermo Fisher,
Waltham, MA, USA) and specific stem-loop primers, provided
by pre-designed inventoried TagMan™ MicroRNA Assays
(Thermo Fisher, Waltham, MA, USA) for cDNA synthesis. The
reaction mixture and the thermal cycler were set up according
to the manufacturer’s instructions. After cDNA synthesis, the
samples were stored at —20 °C until further use. For the ampli-
fication step, we performed individual qRT-PCR reactions and
used dedicated inventoried TagMan™ MicroRNA Assays and
TagMan™ Universal Master Mix II, no UNG (Thermo Fisher,
Waltham, MA, USA), according to the manufacturer’s protocol.
All qRT-PCR reactions were performed in triplicate.

Variables and measurements

The measured quantitative variables were age, visual acuity,
and intraocular pressure. Fasting glycemia was also determined
for DMCG. Arithmetic mean and standard deviation were cal-
culated and recorded separately for each group. Three cate-
gorical variables were used for stratification: gender, status of
retina, and cataract subtype (depending on the localization of
opacification).

To identify possible differences within groups, the cohorts
were divided into subgroups, based on the retinal status and
cataract subtype. Both the entire cohort and the subgroups
were analyzed subsequently. For plasma miRNAs, fold changes
were calculated using the 2724CT method of relative quantifica-
tion with exogenous normalization to C. elegans miR-39 miRNA
spike-in. Clinical variables (age, visual acuity, intraocular
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Patient’s characteristics among the two groups. (A) Cataract types in case (blue) vs control (gray) group; (B) Status of retina in case group.

pressure, and fasting glycemia) and miRNA levels were sub-
jected to correlation analysis.

To address potential sources of bias, clinical data were
recorded anonymously. Statistical analysis was performed
blinded, with encrypted cohort type (CG or DMCG), partici-
pants’ gender, and analyzed miRNA.

Ethical statement

The local Institutional Ethical Review Board has evaluated and
approved the present case-control study, which was carried out
in accordance with the Declaration of Helsinki Code of Ethics
(Nr. 35/04.04.2022).

Statistical analysis

We checked the normalized Ct values for normality of distri-
bution beforehand, using a Kolmogorov-Smirnov test. The sta-
tistical significance of the differentially expressed miRNAs in
the two groups was determined using a two-tailed, unpaired,
heteroscedastic student’s t-test. Correlation analyses were per-
formed using a two-tailed Spearman test. For all tests, the
statistical cut-off was 0.05. All statistical calculations were per-
formed using Prism 8 for MacOS.

Results

Patients’ characteristics

We found no statistically significant differences between
the two cohorts regarding age (P = 0.4578), visual acuity
(P = 0.5808), and intraocular pressure (P = 0.3031), indicat-
ing a homogenous sub-population. We categorized the cataract
subtypes based on the localization of opacification (Figure 2A).
Notably, a patient can suffer from more than one subtype.
Nuclear cataract is the most prevalent cataract subtype among
our patients, in both groups. Next, we checked for intracohort
correlations between the clinical characteristics: age, visual
acuity, and intraocular pressure, taken two by two. The three
clinical characteristics are not correlated (P > 0.05), neither
in CG nor in DMCG. Additionally, for DMCG, we investigated
the fasting glycemia (Table 1) and the retinal status (Figure 2B).
Most patients (77.78%) present no retinopathy, however, as
cataract formation hinders the visualization of the retina, the
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Table 2. Correlation matrix between the microRNA expression profile and the clinical characteristics in the case group (diabetes mellitus cataract

group)
miR-19b miR-34a miR-146a
Intraocular normalized Ct normalized Ct normalized Ct
Variables Age Visual acuity pressure Fasting glycemia values values values
Age 0.1178 (0.5586) —0.2902(0.1420)  0.4202(0.0291)  0.1291(0.5211) —0.1643(0.4127) —0.0552(0.7845)

Visual acuity 0.1178 (0.5586)

—0.2630 (0.1851) —0.3091(0.1167)

—0.0976 (0.6281) —0.0805(0.6900)  0.0257 (0.8987)

Intraocular  —0.2902 (0.1420) —0.2630 (0.1851)

pressure

0.1073 (0.5943)

0.1219(0.5448)  0.2480 (0.2122)  0.1767(0.3780)

Fasting 0.4202(0.0291) —0.3091(0.1167)  0.1073 (0.5943)

glycemia

0.0721(0.7209)  0.1371(0.4952)  0.0922(0.6472)

miR-19b
normalized
Ct values

0.1291(0.5211) —0.0976(0.6281)  0.1219 (0.5448)

0.0721(0.7209)

0.3846 (0.0476)  0.5171(0.0057)

miR-34a
normalized
Ct values

—0.1643(0.4127) —0.0805(0.6900)  0.2480 (0.2122)

0.1371(0.4952)

0.3846 (0.0476) 0.7784 (0.0000)

miR-146a
normalized
Ct values

—0.0552(0.7845)  0.0257(0.8987)  0.1767(0.3780)

0.0922 (0.6472)

0.5171(0.0057)  0.7784 (0.0000)

Values represent Spearman correlation coefficient (P value). Ct: Quantification threshold.

Table 3. Circulating microRNA expression profile in case (DMCG) vs control (CG) groups before and after stratification

hsa-miR-19b hsa-miR-34a hsa-miR-146a

2-AACT FC Pvalue 2-AACT FC P value 2-AACT FC Pvalue
DMCG vs CG (All) 0.4510  0.7315 0.0740 —0.8700  1.8277 0.0158 —1.0229 2.0320  0.0278
DMCG vs CG (Cortical) —0.0265 1.0185 0.9656 —0.5010 1.4152 0.4810 —0.7292 1.6577 0.4413
DMCG vs CG (Posterior subcapsular) 0.9105  0.5320  0.0515 —-1.0210 2.0293  0.1602 —1.2063 23075  0.1582
DMCG vs CG (Nuclear) 0.3506  0.7842  0.2225 —0.7702 1.7055 0.0666 —0.8643  1.8204  0.1264
DMCG vs CG (No retinopathy) 0.4937  0.7102 0.0744 —0.9366  1.9140 0.0149 —1.0526 2.0742  0.0350
DMCG vs CG (Mild retinopathy) 01032 09309  0.9369 -1.8341 3.5655 0.3822 —1.1431 22086  0.7033
DMCG vs CG (Fundus not visible) 03702 07737 0.5404 0.2611 0.8345  0.7463 —0.7253 1.6532 0.4951

CG: Cataract group; DMCG: Diabetes mellitus cataract group; FC: Fold change.

fundus is not visible in a few patients. Fasting glycemia is not
correlated with visual acuity and intraocular pressure, but is
positively correlated with age.

miRNA quantification

We used gRT-PCR to evaluate the plasma levels of hsa-miR-
19b, has-miR-34a, and hsa-miR-146a in DMCG patients (case
group, n = 27) vs patients with cataract (control group, n = 23).
Normalized Ct values (to cel-miR-39) follow a normal distribu-
tion. None of the three miRNAs correlate to any of the clinical
characteristics of the patients (age, visual acuity, and intraoc-
ular pressure) (Table2). The relative quantification exper-
iment shows that the expression of hsa-miR-19b decreases
in DMCG patients, while the expression of hsa-miR-34a and
hsa-miR-146a increases (Table 3). However, only hsa-miR-34a
and hsa-miR-146a changes are statistically significant.
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We then investigated to what extent the expression profile
of the three miRNAs varies depending on: (1) the aspect of the
retina and (2) the site of opacification (Table 3). Firstly, con-
cerning the retinal status, the findings presented for the entire
case cohort hold true when examining the subgroup without
retinopathy. This was expected, given that individuals with
unaffected retina form the most well-represented sub-group
(Figure 2B) in our case cohort (>75% of the entire group). As
such, we observed significant upregulation for hsa-miR-34a and
hsa-miR-146a, and insignificant downregulation for hsa-miR-
19b in the subgroup with no retinopathy. However, while the
direction of expression remains the same for the other two
subgroups (mild retinopathy and fundus not visible), the sta-
tistical power is lost, ostensibly due to the reduced number
of individuals in each subgroup. It is interesting to note that,
when comparing the subgroup with moderate retinopathy to
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the one without retinopathy, we observe an overall increase in
the fold change of hsa-miR-34a (3.5655 vs 1.9140) and, to a lesser
extent, hsa-miR-146a (2.2086 vs 2.0742). Still, the meaningful-
ness of this finding is questionable, given its lack of statistical
power.

Secondly, when investigating the miRNA expression profile
based on the type of cataract (Figure 2A), similar results are
obtained. We observe that although the stratification impacts
the P value, the direction of expression remains the same as in
the analysis of the complete cohort.

Lastly, we asked whether the dysregulation of the three miR-
NAs correlates with any of the clinical characteristics. As indi-
cated by the Spearman coefficients in the correlation matrix,
the expression levels of hsa-miR-19b, hsa-miR-34a, and hsa-
miR-146a do not significantly associate with age, visual acuity,
intraocular pressure, or fasting glycemia.

Our findings suggest the occurrence of DM in cataract alters
the circulating level of hsa-miR-34a and hsa-miR-146a. How-
ever, we were unable to detect a differential expression profile
based on the structural characteristics of the eye. Thus, despite
revealing a similar pattern of miRNA expression within the sub-
groups, stratification reduces the analysis’s statistical power,
presumably due to the effect of sample size.

Discussion

In the present study, we made use of the sensitivity and
specificity of the qRT-PCR technique to investigate the plasma
expression levels of three miRNAs in patients with DM and
cataract, compared to patients with cataract. We show that miR-
34a and miR-146 are significantly upregulated in the case group,
while the miR-19b changes are statistically irrelevant.

Our data on miR-34a confirm previous findings in
age-related cataract [39, 44], conducted, notably, on lens or lens
epithelial cells (LECs). In a case-control study on 110 patients,
Chien et al. [39] described a positive correlation between the
severity of cataract opacity and the level of miR-34a in LECs.
Wu et al. [28] showed consistent upregulation of miR-34a
in age-related cataractous human lenses. Lens development
and cataractogenesis are impacted by apoptosis [45,46],
upregulation of miR-34 induces apoptosis in lenses and LECs
by reducing the expression of anti-apoptotic proteins. In rat
lenses, miR-34 triggers apoptosis and aggravate cataract by
decreasing SIRT1 (thus elevating the expression of P53) [47].
In LECs under Hy0, exposure, miR-34a acts as a negative
regulator of oxidative damage and apoptosis, as it lowers the
levels of SIRTI, Bcl-2 [48], and GPX3 [49]. Under the same
conditions, Wu et al. [50] showed that high expression of miR-
34a-5p impairs the protective effects of circMED12L on LECs
and correlates with a decrease in ALCAM. Age-induced expres-
sion of miR-34a in human cataractous LECs also stimulates
mitochondria-mediated apoptosis by inhibiting Notch2 and
activating caspase-9 [40]. On the other hand, overexpression of
miR-34a was shown to inhibit the proliferation, migration, and
epithelial-mesenchymal transition (EMT) of LECs, processes
crucial for the development of posterior capsule opacification.
In this regard, the main target molecules are c-Met (Akt and
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ERK1/2 pathway) [51], Notchl (TGFp2/Notchl pathway) [52],
and Snaill (TGFB/NEAT1/Snaill pathway) [53].

In humans, although dysregulation of miR-34a (in plasma
and blood mononuclear cells) was associated with DM [54, 55],
few groups have studied the role of miR-34a in diabetic cataract.
Interestingly, based on their analysis of posterior capsular tis-
sue samples from patients with diabetic cataract and of LEC
exposed to high glucose, Wang et al. [56] found that miR-34a
acts as a mediator on the XIST - SMAD2 axis. Of note, the tissue
expression data are in stark contrast with our results showing
upregulation of miR-34a. Although lacking sufficient statistical
power, our findings also imply the expression level of miR-34a
is higher in patients with damaged retinal tissue. This raises
questions regarding the tissue source of plasma miR-34a upreg-
ulation in DMCG patients.

While miR-146a has been shown to be differentially asso-
ciated with DM pathology, there is an astounding lack of
data regarding miR-146a’s involvement in cataract. In dia-
betic animal models, upregulation of miR-146a was noticed
in mouse lens [42] and rat endothelial cells [57]. Interest-
ingly, high glucose levels induce downregulation of miR-146a
in the retinas of diabetic rats and in cultured endothelial
cells from retinal microvessels and larger vessels, presum-
ably through the regulatory effects of p300 [43]. In diabetic
rat models, upregulated miR-146a inhibits NF-kB signaling
pathway by targeting CARD10, IRAK]1, and TRAFS6, thus reg-
ulating the expression of important pro-inflammatory fac-
tors, such as TNF-a, IL-18, and IL-6 [58,59]. Moreover,
given its association with cellular senescence, miR-146a has
been proposed as an inflaimmaging miRNA and has been
linked to mitochondrial (dys)function [60, 61]. By impacting
NF-kB pathway, miR-146a also modulates antiviral response
in the recipient cells and makes them more susceptible to
infection [62].

Our study showed a rather expected (given the criti-
cal role inflammation plays in the pathogenesis of diabetic
complications) increased expression of plasma miR-146a in
DMCG patients [63-65]. In contrast, others found that circu-
lant miR-146a downregulation is associated with DM type 2
susceptibility [66]. However, there is a lack of consistency
regarding the direction of miR-146a changes in various tissues
from diabetic patients. In diabetic cornea, miR-146a upregula-
tion seems to be associated with delayed wound healing [41, 67],
while in AH of diabetic patients, increased levels of miR-146a
are associated with proliferative DR, although not statistically
significant [35].

Except for one reference describing its presence in AH of
patients with cataract, there are no data regarding miR-19b’s
role in cataractogenesis [32]. However, miR-19b is dysregulated
in several DM complications (diabetic nephropathy, cardiomy-
opathy, neuropathy, and retinopathy), with inflammation and
apoptosis being the suspected underlying mechanisms [68-71].
In human retinal microvascular endothelial cells exposed to
high glucose, IncRNA MEG3 inhibited the glucose-induced
inflammation and apoptosis by regulating (through the
JAK2/STAT3 signaling) the expression of miR-19b and its
target, SOCS6 [72]. Another IncRNA, H19 also inhibits high
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glucose-induced inflammatory response by downregulating
miR-19b and, thus, increasing SIRT1 expression in human
retinal epithelial cells [70].

Together with other members of miR-17-1~92a and miR-17-
2~363 clusters, miR-19b was shown to impact the pathogenesis
of DR by modulating angiogenesis in diabetic rats [57]. miR-19b
was found upregulated in the serum of DM type 1 patients (com-
plicated with DR) [38] but downregulated in the AH of type 2 DM
(complicated with non-proliferative DR and diabetic macular
edema) [37]. In our lot of patients, plasma miR-19b is decreased,
however, the data lacks statistical significance.

Our study has several limitations. We did not take into
consideration certain factors that might have interfered with
the plasma miRNA quantification, including the influence of
different treatments of DM, comorbidities, body mass index,
and lifestyle habits. Our study cohorts are relatively small, and
this may have prevented us from observing associations that
would be significant in larger cohorts. Finally, our findings are
restricted to subjects of Caucasian origin, from Timis County of
Romania.

Conclusion

Our results show a significant upregulation of circulating miR-
34a and miR-146 in patients with DM and cataract, compared
with non-diabetic cataract controls. This suggests that two miR-
NAs are involved in distinct pathophysiological mechanisms of
cataract formation, depending on the presence or the absence
of DM. Scientific data show that miR-34a and miR-146a are
expressed in various ocular tissues and extravascular fluids
(LECs, retinal cells, cornea, and AH). Here, they are involved
in apoptosis and inflammation, with various target molecules
at stake (SIRTI, Notch1/2, IRAK1, and TRAF6). However, larger
future studies are needed to validate our preliminary results
and to determine the exact tissue origin of the two circulating
miRNAs. This could help distinguish between the effects of
miR-34a and miR-146 on the development of cataract in patients
with DM, as opposed to those without DM.
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