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2. Zusammenfassung

Kongenitales Aniridie ist eine panokuläre Erkrankung, die durch Iris-Hypoplasie und

aniridieassoziierte Keratopathie (AAK) gekennzeichnet ist, mit einer Prävalenz von

1:40.000 bis 1:100.000. AAK führt zu fortschreitender Hornhauttrübung und

anschließendem Sehverlust. Die Stammzellnische der Limbusregion, bestehend aus

verschiedenen Zelltypen und Strukturen, spielt eine entscheidende Rolle bei der

Aufrechterhaltung des Mikroumfelds und der Funktion der Stammzellen des limbalen

Epithels. Basale limbale Epithelzellen, limbale Stromazellen, Nervenenden,

Blutgefäße, extrazelluläre Matrix (ECM) und mikroumwelte Signale tragen zur

Integrität und Funktion der Nische bei. Keratozyten produzieren hauptsächlich

ECM-Komponenten wie Kollagene. In AAK-Korneas sind veränderte

ECM-Komponenten und die Expression fibrotischer Marker (z. B. α-SMA) an der

Entwicklung und Progression von AAK beteiligt.

In der ersten Studie haben wir die potenziellen Auswirkungen des Spenderalters, der

postmortalen Zeit, der Mediumzeit, der Größe des verwendeten Corneoskleralrings,

der Endothelzellendichte (ECD), des Geschlechts, der Anzahl der

Kulturmediumwechsel während der Organinkultur und des Spenderursprungs auf das

Wachstum limbaler Epithelzellen (LECs) analysiert. Mit einem schrittweisen linearen

Regressionsalgorithmus haben wir festgestellt, dass erfolgreiches LEC-Wachstum mit

niedrigerem Spenderalter, weniger Kulturmediumwechseln während der Lagerung,

kürzerer Mediumzeit in der Organinkultur und kleinerer Größe des

Corneoskleralrings zunimmt.

In der zweiten Studie haben wir die Expression von PAX6 und keratzytenspezifischen

Markern, einschließlich Kollagen I (COL1A1), Kollagen III (COL3A1), Kollagen V

(COL5A1), α-glatter Muskelaktin (ACTA2), Aldehyddehydrogenase
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3-Familienmitglied A1 (ALDH3A1), Keratokan (KER), Lumikan (LUM) und CD34,

in limbalen Stromazellen von AAK-Subjekten bewertet. Wir haben auch die

Auswirkungen von normalem Glukose-Serum-haltigem Zellkulturmedium

(NGSC-Medium) und serumfreiem Zellkulturmedium mit niedrigem Glukosegehalt

(LGSF-Medium) auf die Markerexpression in Kontroll-Limbalstromazellen (LSCs)

und Aniridie-Limbalstromazellen (AN-LSCs) untersucht. Es gab eine veränderte

Expression von PAX6 und keratzytenspezifischen Markern in AN-LSCs im Vergleich

zu denen in gesunden Kontrollen. Untersuchungen zeigten unterschiedliche

Auswirkungen sowohl auf LSCs als auch auf AN-LSCs durch NGSC- und

LGSF-Medium. Die festgestellten Unterschiede in der Expression von PAX6 und

keratzytenspezifischen Markern innerhalb von AN-LSCs könnten potenziell als

entscheidende Faktoren dienen, die den Beginn und Fortschritt von AAK

beeinflussen.

In der dritten Studie haben wir die Auswirkungen der Antipsychotika Ritanserin und

Duloxetin auf die Genexpression in LSCs und AN-LSCs unter Verwendung von

NGSC- und LGSF-Medium in vitro untersucht. Die Ergebnisse ergaben folgende

Schlüsselpunkte:

LGSF-Medium und NGSC-Medium haben unterschiedliche Auswirkungen auf die

Genexpression in AN-LSCs und LSCs nach Behandlung mit Ritanserin und

Duloxetin.

Die Behandlung mit den Antipsychotika Ritanserin und Duloxetin verändert die

PAX6- und TGF-β1-Genexpression in AN-LSCs, die in LGSF-Medium kultiviert

wurden.

Die Behandlung mit Ritanserin und Duloxetin beeinflusst die retinoische

Säure-Signalgebung und die Expression keratozytenspezifischer Marker in AN-LSCs

und LSCs. Diese Behandlungen können die Heilung von Hornhautstroma bei

gesunden und angeborenen Aniridie-Korneas beeinflussen.
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Um ein umfassendes Verständnis der Auswirkungen von Antipsychotika auf

angeborene Aniridie-Korneas zu erlangen, ist eine weitere Untersuchung unerlässlich.

Beispielsweise sollten die Auswirkungen unterschiedlicher Glukosekonzentrationen

in zwei konditionierten Medien auf LSCs und AN-LSCs untersucht werden, sowie die

Leistung von Antipsychotika in einem Tiermodell der

PAX6-Haploinsuffizienz-Kornea evaluiert werden. Zusätzlich könnte eine

multizentrische, randomisierte klinische Studie weitere Aufschlüsse über Vor- und

Nachteile der Verwendung von Antipsychotika bei der Behandlung von AAK liefern.
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2.1 Summary

Congenital aniridia is a panocular disorder characterized by iris hypoplasia and

aniridia-associated keratopathy (AAK), with a prevalence ranging from 1:40,000 to

1:100,000. AAK leads to progressive corneal opacity and subsequent vision loss. The

limbal stem cell niche, comprised of various cell types and structures, plays a crucial

role in maintaining the microenvironment and function of limbal epithelial stem cells.

Basal limbal epithelial cells, limbal stromal cells, nerve endings, blood vessels,

extracellular matrix (ECM), and microenvironmental signals contribute to niche

integrity and function. Keratocytes primarily produce ECM components such as

collagens. In AAK corneas, altered ECM components and expression of fibrotic

markers (e.g., α-SMA) may contribute to the development and progression of AAK.

In the first study, we analyzed the potential effects of donor age, postmortem time,

medium time, size of the corneoscleral ring used, endothelial cell density (ECD),

gender, number of culture medium changes during organ culture, and donor origin on

the outgrowth of limbal epithelial cells (LECs). Using a stepwise linear regression

algorithm, we found that successful LEC outgrowth increases with lower donor age,

fewer organ culture medium changes during storage, shorter medium time in organ

culture, and smaller corneoscleral ring size.

In the second study, we evaluated the expression of PAX6 and keratocyte-specific

markers, including Collagen I (COL1A1), Collagen III (COL3A1), Collagen V

(COL5A1), α-smooth muscle actin (ACTA2), aldehyde dehydrogenase 3 family

member A1 (ALDH3A1), keratocan (KER), lumican (LUM), and CD34, in limbal

stromal cells of AAK subjects. We also examined the effects of normal-glucose

serum-containing cell culture medium (NGSC-medium) and low-glucose serum-free

cell culture medium (LGSF-medium) on marker expression in control limbal stromal

cells (LSCs) and aniridia limbal stromal cells (AN-LSCs). There was altered

expression of PAX6 and keratocyte-specific markers in AN-LSCs compared to those
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in healthy controls. Investigations revealed distinct impacts on both LSCs and

AN-LSCs by both NGSC- and LGSF-medium. The identified differences in PAX6

and keratocyte-specific marker expression within AN-LSCs could potentially serve as

crucial factors influencing the onset and advancement of AAK.

In the third study, we investigated the effects of the anti-psychotropic drugs ritanserin

and duloxetine on gene expression in LSCs and AN-LSCs using NGSC- and

LGSF-medium in vitro.

The results revealed the following key points:

1. LGSF-medium and NGSC-medium have differing effects on gene expression in

AN-LSCs and LSCs following ritanserin and duloxetine treatment.

2. Treatment with the anti-psychotropic drugs ritanserin and duloxetine alters PAX6

and TGF-β1 gene expression in AN-LSCs cultured in LGSF-medium.

3. Ritanserin and duloxetine treatment affects retinoic acid signaling and the

expression of keratocyte characteristic markers in AN-LSCs and LSCs. These

treatments may impact corneal stromal wound healing in both healthy and

congenital aniridia corneas.

To gain a comprehensive understanding of the effects of anti-psychotropic drugs on

congenital aniridia corneas, further investigation is imperative. For example,

examining the impact of different glucose concentrations in two conditioned mediums

on LSCs and AN-LSCs, as well as evaluating the performance of anti-psychotropic

drugs in a PAX6 haploinsufficiency animal cornea model, should be explored in

future studies. Additionally, a multicenter, randomized clinical trial could further

clarify the advantages and disadvantages of using anti-psychotropic drugs in the

treatment of AAK.

.
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3. List of abbreviations

AAK Aniridia-associated keratopathy

ACTA2A1 Actin Alpha 2A1

ALDH3A1 Aldehyde Dehydrogenase 3 Family Member A1

AN-LSCs Aniridia Limbal Stromal Cells

ɑ-SMA alpha smooth muscle actin

ADH7 Alcohol dehydrogenase 7

ABCG2 ATP-binding cassette sub-family G member 2

COL1A1 Collagen Type I Alpha 1 Chain

COL3A1 Collagen Type 3 Alpha 1 Chain

COL5A1 Collagen Type 5Alpha 1 Chain

DMEM Dulbecco’s Modified Eagle’s Medium

DSG1 Desmoglein-1

ECD endothelial cell density

ECM extracellular matrix

FABP5 Fatty Acid Binding Protein 5

FOSL2 FOS-like antigen 2

KER Keratocan

LECs limbal epithelial cells

LESCs Limbal Epithelial Stem Cells

LGSF-medium Low Glucose Serum-Free medium

LSCD Limbal Stem Cell Deficiency

LSCs Limbal Stromal Cells

LUM Lumican

MEK Mitogen-Activated Protein Kinase Kinase

NE Norepinephrine

NGSC-medium Normal-Glucose Serum-Containing medium

PAX6 Paired Box 6
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PKC protein kinase C

ROS Reactive Oxygen Species

SMAD Mothers against decapentaplegic homolog

TGF-β1 transforming growth factor-beta 1

5-HT 5-Hydroxytryptamin
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4. Introduction and motivation

With a prevalence ranging from 1:40,000 to 1:100,000, congenital aniridia, often

associated with Paired Box 6 (PAX6) syndrome, is a rare disease that affects multiple

parts of the eye including the cornea, anterior chamber, iris, lens, retina, macula, and

optic nerve head [1]. Aniridia-associated keratopathy (AAK) represents a progressive

opacification and vascularization in the cornea, mainly due to limbal stem cell

deficiency (LSCD). This condition poses a significant risk to vision and is commonly

observed in individuals with congenital aniridia. AAK typically initiates in the first

decade of life and advances in early adulthood. Its severity is classified using the

Lagali grading, with the progression rate often linked to distinct PAX6 mutations [2].

Understanding the pathogenesis of aniridia is imperative for treatments and

interventions for those affected by this condition.

The cornea is the window to the eye, responsible for two-thirds of its refractive power.

It comprises three distinct layers of cells: a non-keratinized stratified squamous

epithelium, a keratocyte-containing collagen-rich stroma, and a posterior monolayer

of specialized endothelial cells, separated by Bowman's layer and Descemet's

membrane, respectively.

In cases of limbal stem cell deficiency (LSCD), the population of Limbal Epithelial

Stem Cells (LESCs) becomes depleted, dysfunctional, or their supportive

microenvironment undergoes damage. Consequently, this condition manifests as a

distinctive keratopathy with epithelial erosions, persistent epithelial defects, or more

severe complications. The breakdown in limbal barrier function precipitates the

compensatory ingrowth of an inflamed, opaque pannus, accompanied by the

infiltration of conjunctival cells [3, 4]. The application of ex-vivo cultured limbal

epithelial cells (LECs) in addressing LSCD has been thoroughly delineated, elevating

ophthalmology to a leading position in the realm of regenerative medicine [5, 6].

Numerous methodologies for ex-vivo expansion of LESCs have emerged in recent
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years [7-9]. The culture protocols can be categorized into two primary groups: those

employing the explant culture system and those utilizing single-cell suspensions

obtained through alternative enzymatic isolation methods. The techniques utilized in

cultivating LEC exhibit diversity across several dimensions, including the preparation

techniques applied to the harvested tissue, selection of appropriate culture medium,

duration of culture, types of substrates employed, and the incorporation of

supplementary methodologies such as feeder layer utilization, manipulation of oxygen

levels (hypoxia), and the application of airlifting techniques. A better understanding

of the potential factors affecting human LEC outgrowth in vitro may help optimize

LEC culture in vitro.

Limbal stromal cells, situated in close proximity to the limbal epithelial stem cells,

wield significant influence within the limbal stem cell microenvironment [10-12]. In

vivo, stromal cells contribute to the synthesis of extracellular matrix (ECM) like

collagens [13-15]. Previous research has indicated dysregulated expression of ECM

constituents and fibrotic indicators, such as alpha smooth muscle actin (α-SMA), in

AAK corneas [16].

Limbal keratocytes exhibit distinct characteristics compared to limbal fibroblasts,

including differences in appearance, gene expression patterns, transparency, ECM

remodeling, and neuroregulatory capabilities [17-19]. In common commercial media

solutions like Dulbecco’s Modified Eagle’s Medium (DMEM), the glucose

concentration of 4.5 g/L−1 is notably elevated, surpassing physiological levels

observed in the human cornea by 5 to 9 times [20, 21]. Glucose plays a vital dual

function as both a primary nutrient and energy provider for cells, while also serving as

a foundational regulator of cell phenotype in vitro. Its impact extends across various

signaling pathways, orchestrating key cellular responses [22-24]. Consequently, when

grown in vitro using common media compositions such as DMEM supplemented with

1000 mg/L glucose, limbal keratocytes demonstrate an inability to maintain their

typical phenotype as seen in the uninjured cornea or upon initial isolation. Instead,
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they undergo a transformation process resembling differentiation into fibroblasts.

Under normal circumstances, the primary cell type found in the limbal corneal stroma

is the keratocyte, which typically exhibits a dendritic shape [25, 26]. However, in

response to corneal injury or inflammation, these normally inactive keratocytes

transform into myofibroblasts and fibroblasts to aid in the healing process [14, 27, 28].

Previous studies have identified distinctive markers associated with keratocytes, such

as Collagen Type I Alpha 1 Chain (COL1A1), Collagen Type 3 Alpha 1 Chain

(COL3A1), Collagen Type 5 Alpha 1 Chain (COL5A1), Actin Alpha 2A1

(ACTA2A1), Aldehyde Dehydrogenase 3 Family Member A1 (ALDH3A1),

Keratocan (KER), Lumican (LUM), and CD34, which demonstrate positivity when

the keratocyte phenotype is present [29]. Moreover, it has been demonstrated that the

exclusion of serum from the culture medium leads to a partial reversion of corneal

fibroblasts to their native keratocyte phenotype in vitro [30, 31]. CD34 serves as an

alternative marker for keratocytes [32] and has been observed to undergo

downregulation following exposure to conventional tissue culture conditions [33].

Throughout the process of keratocyte phenotype restoration, there is an upsurge in the

expression of markers characteristic of keratocytes.

Vicente et al. showed that corneal stromal sections exhibited an anomalous

arrangement of collagen lamellae in AAK [16]. Their research also revealed a

modified expression pattern of extracellular matrix constituents such as COL1A1 and

COL5A1, alongside an increased expression of ACTA2A in untreated AAK corneas

as well as in transplanted corneas. Marta Słoniecka et al. developed an in vitro AAK

model by inducing a mutation in the PAX6 gene via CRISPR/Cas9 technology.

Subsequently, their experimentation revealed a notable reduction in the expression

levels of ALDH3A1 and KER within their model [34].

Ritanserin and duloxetine are both medications used to treat depression. Ritanserin

functions as a potent and targeted antagonist of the 5-Hydroxytryptamin (5-HT)

receptor, also known as the serotonin receptor, helping to alleviate symptoms
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associated with depression [35]. Duloxetine functions as a dual-action antidepressant,

working by impeding the reuptake of both serotonin (5-HT) and norepinephrine (NE)

neurotransmitters within neuronal synapses [36]. Recent studies have discovered that

ritanserin and duloxetine exhibit significant efficacy in restoring endogenous PAX6

expression in mutant limbal epithelial stem cells [37, 38]. While the precise

connection between PAX6 and ritanserin or duloxetine remains uncertain, it is

plausible that these compounds may influence PAX6 expression.

Grewal et al. elucidated that 5-HT possesses the capability to stimulate the

proliferation of renal mesangial cells by directly activating extracellular

signal-regulated kinase (ERK) and triggering a persistent fibrotic response through the

upregulation of transforming growth factor-beta 1 (TGF-β1) expression [39]. They

suggested the following signaling cascade: 5-HT 2A receptor – protein kinase C (PKC)

– NAD(P)H – Oxidase/ Reactive Oxygen Species (ROS) – MEK – ERK – TGF-β1

mRNA. Kim et al. elucidated the pivotal involvement of the 5-HT 2A receptor in the

activation pathway of hepatic stellate cells, triggering their transformation into

myofibroblasts via the activation of TGF-β1. This cascade instigates a series of

deleterious events including lipid peroxidation, mitochondrial impairment, cellular

damage, sustained inflammation, and eventual fibrosis [40]. Numerous prior

investigations have highlighted a correlation between the expression of PAX6 and

TGF-β1. For example, PAX6, acting as a transcriptional regulator, is observed within

the nucleus of both the outer and inner nuclear layers of the mouse retina, where it

co-localizes and engages in interactions with TGF-β1 [41]. Additionally, Yenan Feng

et al. illustrated that utilizing siRNA transfection to suppress PAX6 expression

effectively fosters an increase in both mRNA and protein expression of TGF-β1

within cardiac fibroblasts [42].

In a study by Gao et al., it was observed that in instances of vascular injury, there was

a notable rise in NE levels. This surge in NE was linked to the activation and

proliferation of vascular adventitial fibroblasts, leading to their differentiation into
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myofibroblasts. This differentiation process was accompanied by an increase in levels

of ACTA2A1, TGF β1, and SMAD3 [43]. In a prior investigation, it was revealed that

the activation of NE prompts the transition of lung cancer cells into a more invasive

and metastatic state by triggering epithelial-mesenchymal transition. This process is

facilitated through the modulation of the TGF β1 signaling cascade [44]. All these

studies strongly suggest that ritanserin and duloxetine, through their antagonism of the

5-HT2 receptor and inhibition or antagonism of NE reuptake, may hold promise in

facilitating the reinstatement of PAX6 expression, potentially linked to the TGF β1

signaling pathway.

However, as far as we know, there hasn't been any analysis conducted on the impact

of ritanserin and duloxetine on the expression of PAX6, TGF-β1, retinoic acid

signaling components, and keratocyte-characteristic markers in limbal stromal cells of

individuals with congenital aniridia. Investigating the effect of ritanserin and

duloxetine on the expression of PAX6, TGF-β1, retinoic acid signaling components,

and keratocyte-characteristic markers of primary human aniridia limbal stromal cells

(AN-LSCs) and limbal stromal cells (LSCs), in vitro, using low glucose serum-free

(LGSF) and normal-glucose serum-containing (NGSC) culture medium, could

provide a comprehensive understanding of the pathogenesis and development of AAK,

and the effect of anti-psychotropic drugs on congenital aniridia limbal stromal cells.
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4.1 Culturing Limbal Epithelial Cells of Long-term Stored Corneal

Donors (Organ Culture) In Vitro – A Stepwise Linear Regression

Algorithm (Publication 1)[45]

In the study, researchers initially analyzed the potential effects of various factors on

LEC outgrowth using a stepwise linear regression algorithm. These factors included

donor age, postmortem time, medium time, size of the corneoscleral ring, endothelial

cell density (ECD), gender, number of culture medium changes during organ culture,

and the origin of the donor. The analysis involved 304 donor tissues sourced from 29

distinct donating entities, processed and stored at the Klaus Faber Center for Corneal

Diseases. These specimens, obtained from LIONS Cornea Bank Saar-Lor-Lux,

Trier/Westpfalz in Homburg, were utilized for corneal transplantation procedures at

the Department of Ophthalmology of Saarland University and for LEC culturing at

the Dr. Rolf M. Schwiete Center for Limbal Stem Cell and Aniridia Research.

The findings revealed that factors such as donor age, frequency of culture medium

changes during organ culture, duration of medium exposure in organ culture, and the

dimensions of the corneoscleral rim utilized significantly impacted the proliferation of

LEC cultures.

This foundational research provides essential insights for optimizing LEC cultures in

vitro, thereby laying the groundwork for further investigations..
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4.2 Expression of PAX6 and keratocyte-characteristic markers in

human limbal stromal cells of congenital aniridia and healthy

subjects, in vitro (Publication 2)[46]

In vivo, keratocytes primarily produce extracellular matrix (ECM) components such

as collagens [13-15]. Previous studies have indicated altered expression of ECM

components and fibrotic markers, such as α-smooth muscle actin (α-SMA), in corneas

affected by aniridia-associated keratopathy (AAK) [16]. However, gene expression

analysis of limbal stromal cells in individuals with congenital aniridia has not yet

been conducted. Therefore, the aim of this study was to investigate the expression of

PAX6 and keratocyte-specific markers, including Collagen I (COL1A1), Collagen III

(COL3A1), Collagen V (COL5A1), α-SMA (ACTA2), aldehyde dehydrogenase 3

family member A1 (ALDH3A1), keratocan (KER), lumican (LUM), and CD34, in

limbal stromal cells of AAK subjects. Additionally, we evaluated the impact of

NGSC-medium and LGSF-medium on the expression of these markers in both LSCs

and AN-LSCs.

In this study, primary human LSCs were isolated from individuals with aniridia

(AN-LSCs) (n=8) and healthy corneas (LSCs) (n=8). We found that PAX6 mRNA

expression significantly decreased in AN-LSCs compared to LSCs in both NGSC-

and LGSF-medium. Furthermore, AN-LSCs exhibited a marked reduction in COL5A1

mRNA expression and notably higher KER and ALDH3A1 mRNA levels compared to

LSCs when cultured in NGSC-medium. Conversely, in LGSF-medium, AN-LSCs

showed a significant increase in COL1A1 and COL5A1 mRNA expression compared

to LSCs. Moreover, COL1A1 and α-SMA protein expression were significantly

elevated in AN-LSCs compared to LSCs in LGSF-medium. Additionally, in

LGSF-medium, the COL5A1 protein level in AN-LSCs was significantly higher than

in NGSC-medium.
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These findings suggest that variations in PAX6 and keratocyte-specific marker

expression in AN-LSCs may play a pivotal role in the development and progression

of AAK. Furthermore, both NGSC- and LGSF-medium exerted distinct effects on

both LSCs and AN-LSCs. Further investigations are warranted to explore the

pathogenesis and potential therapeutic strategies for rescuing PAX6 gene expression

and altering keratocyte characteristic markers in AN-LSCs.
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4.3 Effect of the anti-psychotropic drugs ritanserin and duloxetine on

gene expression of primary aniridia and healthy human limbal

stromal cells, in vitro (Publication 3)[47]

Based on the previous study, we know that altered PAX6 and keratocyte-specific

marker expression exist in AN-LSCs, and both NGSC- and LGSF-medium exert

distinct effects on both LSCs and AN-LSCs. In this study, we investigated the effect

of the anti-psychotropic drugs ritanserin and duloxetine on gene expression of

primary human limbal stromal cells from congenital aniridia and healthy subjects, in

vitro.

Ritanserin and duloxetine, both with significant efficacy in restoring endogenous

PAX6 expression in mutant limbal epithelial stem cells, are medications used to treat

depression [37, 38]. Ritanserin acts as a potent antagonist of the 5-HT2 receptor, also

known as the serotonin receptor, alleviating symptoms associated with depression

[35]. Duloxetine, a dual-action antidepressant, inhibits the reuptake of serotonin

(5-HT) and norepinephrine (NE) neurotransmitters within neuronal synapses [36].

Previous studies have shown that serotonin (5-HT) can stimulate the proliferation of

renal mesangial cells by directly activating extracellular signal-regulated kinase (ERK)

and triggering a persistent fibrotic response through the upregulation of TGF-β1

expression [39]. Additionally, elevated NE levels in vascular injury instances are

associated with the activation and proliferation of vascular adventitial fibroblasts,

leading to their differentiation into myofibroblasts, accompanied by increased levels

of ACTA2A1, TGF β1, and SMAD3 [43]. Numerous research endeavors have

elucidated the correlation between PAX6 and TGF-β1 expression [41, 42].

In this study, primary human limbal stromal cells from aniridia (AN-LSCs) (n=8) and
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healthy corneas (LSCs) (n=8) were cultured in either LGSF-medium or

NGSC-medium. The expression of PAX6, FOS-like antigen 2 (FOSL2), TGF-β1,

ACTA2A1, LUM, COL1A1, COL5A1, Desmoglein-1 (DSG1), Fatty Acid Binding

Protein 5 (FABP5), Alcohol dehydrogenase 7 (ADH7), and ATP-binding cassette

sub-family G member 2 (ABCG2) was determined by qPCR and Western blot.

The results revealed that in AN-LSCs cultured in LGSF-medium, ritanserin treatment

significantly increased PAX6 mRNA expression while significantly decreasing

TGF-β1 and FOSL2 mRNA expression. Additionally, ritanserin treatment

downregulated TGF-β1 protein level and upregulated FABP5 protein level. In LSCs

cultured in LGSF-medium, both ritanserin and duloxetine treatments significantly

downregulated ACTA2A1 mRNA expression, while ritanserin treatment significantly

upregulated FABP5 mRNA expression. Duloxetine treatment downregulated α-SMA

protein and upregulated FABP5 protein. In LSCs cultured in NGSC-medium,

ritanserin treatment significantly increased LUM, FABP5, and ADH7 mRNA and

protein expression.

These findings demonstrate that the anti-psychotropic drugs ritanserin and duloxetine

alter PAX6 and TGF-β1 gene expression in AN-LSCs cultured in LGSF-medium and

impact retinoic acid signaling pathways and keratocyte characteristic markers in both

LSCs and AN-LSCs, depending on the culture media used.
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