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Endometriosis: the silent disease

. 190 million women & individuals assigned female at birth worldwide

7/—10 years between the

symptom onset and
confirmed diagnosis

Source: WHO
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Endometriosis: Symptoms

Symptoms

Heavy and
painful periods

Pain

Fatigue, Infertility
depression
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Sex bias in pain management decisions
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Likelihood of receiving an analgesic prescription by patient’s sex
(N=17,576)
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nature genetics

Heavy and
painful periods Article https://doi.org/10.1038/541588-023-01323-z

Thegeneticbasis of endometriosis
and comorbidity with other painand
inflammatory conditions

Pain

Significant genetic correlations between endometriosis and 11 pain

- o conditions, including migraine, back and multisite chronic pain, as well
Fatigue, Infertility infl t diti includi th d osteoarthriti
depression as inflammatory conditions, including asthma and osteoarthritis

Guzikevits et al, PNAS (2024) 121:e2401331121
Rahmioglu et al, Nat Genet (2023) 55:423-436
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Endometriosis: the silent disease la a a a ’ Ma 3

Pathophysiology

Infiltration Proliferation Decidualization

Endometriosis

Angiogenesis — |

Fibrosis

Genetics —— Inflammation

Endometrioti Drug delivery

lesion TOQ é /

Teworte and Luciani, Helv. Chim. Acta (2023) 106:e202200132
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Fibrosis in endometriosis

Cyclical repeated tissue injury and repair ,
leads to scarring, fibrosis, and adhesions Dr. Sarah Teworte

TGF-B

Luminal
epithelial cell

{—Extracellular

Adhesion — matrix proteins

A Epithelial-to-

Glandular A I

epithelial cell mesenchyma
Endometriotic _ transition
lesion Fibroblast-to- Stromal cell

myofibroblast .
transdifferentiation

Teworte and Luciani, Helv. Chim. Acta (2023) 106:€202200132
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Fibrosis in endometriosis

Formulation development In vitro disease modelling

Fibroblast-to-myofibroblast transdifferentiation

oo

Design Epithelial-to-mesenchymal transition
challenge: o
Pirfenidone vaginal ]
dosage Screening tool to test
form antifibrotic drug candidates
Teworte et al. Eur. J. Pharm. Sci. (2023) 188:106501 Teworte et al. Small (2025) 2409126
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Repurposing pirfenidone

TGFB1
Pirfenidone
Enlarged bronchiole
and distorted alveoli | X
SMAD2/3
N €<=
g
o
Scar tissue 185 g/mol
Esbrietpl‘:‘A o
(pirfenidone)
tablets
. " Tablets for oral intake
e ot ~70% of patients experience adverse drug reactions
g
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Fibrosis in endometriosis
Formulation development In vitro disease modelling
- » Mucoadhesive ; g ) l
g([))h‘()in(?\tﬁlde ‘ hours gel Fibroblast-to-myofibroblast transdifferentiation
3D printed ovules . - <>
Quality requirements Epithelial-to-mesenchymal transition
Controlled drug release Screening tool to test
Mucoadhesion — long residence time antifibrotic drug candidates
Teworte et al. Eur. J. Pharm. Sci. (2023) 188:106501 Teworte et al. Small (2025) 2409126
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3D printed mucoadhesive ovules

Macrogol Witepsol 3D printed alginate/HPMC
™~ — ﬂ«.\,: -
Macrogol Moulding
Pirfenidone > -aﬁ
\ d
-/

Additive
manufacturing
Alginate,
hydroxy-
propylmethyl-
cellulose

96 18

HMPC: Hydroxypropyl methylcellulose .
YAroxypropy Y Alginate Buffer ~ Alginate

Teworte et al. Eur. J. Pharm. Sci. (2023) 188:106501
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Ex vivo mucoadhesion I

TTTTTTTTTTT

Macrogol Witepsol 3D printed 3D printed

Teworte et al. Eur. J. Pharm. Sci. (2023) 188:106501
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Towards biorelevant in vitro tests

Shake flask

Model

 Volume

 Phases of
menstrual cycle

Titz & Klein, 2019

Agarose ring

Model
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Phases of
menstrual cycle
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EXx vivo

« Design setup

» Develop a protocol
for quantification
of drug in tissue



Release assays

—— o e - - - —
P e
e o se ®
N

-©- Macrogol
8 Witepsol
-A- 3D printed
V- Free pirfenidone

n=3
Mean +SD

2 4 6 8
Time [h]
Teworte, ..., Luciani (2023) Eur. J. Pharm. Sci. 188:106501

CRS ==

ANNUAL MeeTine PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025

b

u

b
UNIVERSITAT
BERN

Agarose ring
Ovule
Inner chamber

-

o

o
J

©
o
1

o
o
1

B
o
1

N
o
1

Cumulative PFD released [%]

Time [h]
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What to consider to reach biorelevance?

Follicular

Ovulatory

Cervical mucus:

* Mucins 2 g/day Parameters to consider
= Albumin » Fluid components
—) = Volume
Vaginal fluid: Loy
» Glucose
- Sodium Chioride 0.1-0.5 mL/day Temperature
» Lactic acid
= pH4
Luteal
0 .
............ Progesterone Poor quality of data
- available in the
literature!
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Effect of the simulated vaginal fluid

A Follicular

7%
2.5%
700

Unpublished data

Ovulatory

1.3%
0.5%
250

Luteal

7.5%
3%
1200

— QOestrogen
--------- Progesterone
— Luteinizing
hormone
Follicle
stimulating
hormone
— Mucins,
proteins,
viscosity

I
T< [mPa.s]
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B Witepsol ovules
Follicular Ovulatory Luteal
100 A 100 . « 100 =
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Managing fibrosis AND pain in endometriosis

Spinal cord

From Maddern et al.

Enhanced immune response

AT P Peritoneal |
_"| Peritoneal Fluid SrOme

. ! Inflammation !
Retrograde .-~ | e %) Iron
5 | "
Menstruation .~ 1 utroph | ROS
2 ! > " PGE, |
&g Acidosis |
|
=
S
"""""""""""""""""""""" Lesion |
Inflammation |
i
he @ |
Macrophage |
Cytokines o8 |

Chemokines i
Growth Factors Neutrophil :
Neutrophils

_____________________

4+4 Neurogenic
Inflammation

) o3 PGE, A
Peripheral Nerve b onii e o TNFa e
Ending KRR X S NGF
o ag RANTES
_ - Interleukins
Action potential

generation

Peripheral Inflammation and Sensitization i

Front Cell Neurosci (2020) 6:14:590823
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PFD

Design
challenge:
vaginal
dosage
form

CBD: Cannabidiol
PFD: Pirfeidone
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Managing fibrosis AND pain in endometriosis

Enhanced immune response

Spinal cord

From Maddern et al.
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Cannabidiol
CHy MW: 314.5 g/mol
LogP: 6.5

Peritoneal |
Inflammation !

on |
ROS |
PGE, |
Acidosis |
|
|
|
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Menstruation .~
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Inflammation
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Cytokines o8
Neutrophils

i
I
I
|
|
|
I
|
Chemokines ° !
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4+4 Neurogenic
Inflammation

Peripheral Nerve
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1
i
I
i Ending Drug (C)
|

I

I

I

I

|

|

NGF

PGE, A
TNFa T K
RANTES

@ Mucus Adhesion

Action porentdl Interleukins ) PEGylated Liposomes
generation .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Epithelial Cells @ Mucus Penetration
Peripheral Inflammation and Sensitization i (: R @ g ialease

Front Cell Neurosci (2020) 6:14:590823
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Combination therapy for fibrosis and pain

Vaginal pessaries

7T o Nanocomposite 1
- -& Nanocomposite 2

Release [%]

-_.;_Hé‘i““““*

16 18 20 22 24

Tlme [h]
—_ ‘& Mouse ovules -A- Human ovules|
C £ 100
« » 2
3 | » ¥ § 80
o
e
e 60
% 40
Mini 2
ovule Vaginal '_g' 20
opening £
{4 /A _
y n N 02468 21 24
Time [h]

Unpublished data
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Liposomal
CBD

CBD: Cannabidiol
PFD: Pirfenidone

n=3, Mean + SD

Cumulative Release [%)]
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Neslihan Salar

Vaginal gel

120 -
100
80
60
40
20

5

0 2 4 6 8
Time [h]

-O- Liposomal CBD Release
<% Pirfenidone Release
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Fibrosis in endometriosis

Formulation development In vitro disease modelling

Fibroblast-to-myofibroblast transdifferentiation

oo

Design o B
PFD challenge: Epithelial-to-mesenchymal transition
vaginal ]
dosage Screening tool to test
form antifibrotic drug candidates
Teworte et al. Eur. J. Pharm. Sci. (2023) 188:106501 Teworte et al. Small (2025) 2409126
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Fibronectin (FN)-silk networks

*Ber

Fibronectin-functionalized
silk protein
(FN-silk)

Fibronectin Spider silk fibroin

10“‘ domain
integrin

b|nd|ng site
° © 0& o '!fi‘s
/ “\
Euprosthenops
australis

Arginine-Glycine-Aspartate (RGD) cell adhesion motif
from fibronectin

FN-silk in PBS FN-silk +
suspended cells

= o=

\ wﬂ‘ —

(&

Methodology adapted from Johansson, Widhe et al. 2019 and Collodet et al. 2023
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FN-silk network with
integrated cells

=
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Designing an in vitro model of fibrosis
in endometriosis

« Stromal and epithelial cells

» Tissue-relevant microenvironment

« Maintain cell viability in 3D

» Recapitulate physiological behaviour in relation to fibrosis

‘ Stromal cells (T-HESC) Epithelial cells (122)

 ——

o ¥ =t

Less

Less
fibrotic fibrotic

100 pm 100 pm



Cell metabolic activity in 3D

VS.
@

B FN-silk network Spheroid
.. Stromalcells (T-HESC)
| 2.5+
' S15] = " .
1 n- [ ] .= =
1 | |
: E 1.0 IE
\ 0.5
: 0.0 I | I
| 0 1 4 7

Live Dead
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Cell metabolic activity in 3D

UNIVERSITAT

VS.
e
B FN-silk network Spheroid
................................ ,
] Epithelial cells (122) :
| 20+ \
5157 :
e :
! 10 " 1
Lo !
N~ - I
: 57 =g !
: 0 T | I :
: 0 1 4 7 :
| Day |

-------------------------------- Live Dead

Teworte, ..., Luciani (2025) Small, 2409126 CRSEzy .. .., L=
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Morphology of FN-silk networks

Scale bars, 500 ym EpCAM, epithelial cell adhesion molecule



b

Effect of culture format on fibrotic markers u—
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Fibroblast-to-myofibroblast transdifferentiation

mother cells
COL1A1 | COL1A1 »
l ACTA2 | ACTA2 »
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T COL1A1 ACTA2 FN-1
A4 . 3

w
w
1
*

suspension of
mother cells

N

----- J °
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e ok e Monolayer  FN-silk network e Spheroid

network

0- 0-

mRNA levels
normalized to monolayer

- [\V]
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*
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L 1 1

IS
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Teworte, ..., Luciani (2025) Small, 2409126 CRSEZT .\ oo n=3, Mean + SD
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Modelling fibrosis: response to TGF-31 I
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Testing pirfenidone

<o i

COL1A1 ] COL1AT1»

ACTA2 | ACTA2 »

( Pre-treatment | ( PFD treatment ) FN-1 | FN-1 1
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" Pirfenidone || | Stromal cells (T-HESC) :
TGF-B1 + L S SIS SRS SaSaRaea i
vehicle ) ¢© | e Monolayer @ FN-silk network ~ ® Spheroid :

° ' o=
.| No pirfenidone I g == !
TGF-B1 BSA ; » NT 5 1.57 |
1 E = 1
| 1 ESS l
\ J L J ™ "5: s 1.04- 1
1 ° [] [T - 1
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Teworte, ..., Luciani (2025) Small, 2409126 CRSEZT .. s on TR N n=3, Mean + SD
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Testing pirfenidone
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In progress / Next

Our 3D cell model: present & future

= |n vivo validation
» Testing new compounds

TGF-1 O TGFB1 . ! :

) = Co-culture :

< i/‘ii . = = Primary cells :
— P | m Interggllulgr communication i
= |dentification of markers :

e
FN-silk || spheroid
network

FN-silk spheroid
. network )

\

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 e N ~\ : 1 7 ~ /7 ~\ :
1 1

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
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1 1 1 1
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Center for Extracellular Vesicles Research

Teworte, ..., Luciani (2025) Small, 2409126 CRSEZT,, 000, https:/evr.unibe.ch
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Liposome release from hydrogel

Release of DiD Liposomes from

Poloxamer-based Hydrogels
-e- 20 wt/vol% P407

-= 22,5 wt/vol% P407
—4— 25 wt/vol% P407

150

n=3
mean+SD

Liposomes:
5 mol% DSPE-PEG2000 and 95 mol%
S80 Soybean + 0,1 mol% of DiD

Fluorescence Intensity
normalized [%]

Release medium:
120mM NaCl + 1mM CaCI2
in 30mM sodium acetate buffer (pH=4.2)

0 1 I
0 1 2 3
Time [hour]

Ana Lucic, unpublished data
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Shear-thinning behaviour of the liposomal gel

Viscosity
107 : :
-o- Viscosity [mPa*s] at 25°C
) " —=— Viscosity [mPa*s] at 37°C
%5 108
o
=) n=3
2 10° mean+SD
‘B
S Hydrogel:
§ 1044 25wt/vol% of Poloxamer 407
CBD liposomes embedded
103 T T 1
0.1 1 10 100

Shear rate [1/s]

Ana Lucic, unpublished data
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Rheological characterization hydrogel

A
Amplitude sweep at 25°C o
p— Amplitude sweep
-o- Storage Modulus G' [Pa]

T 5 10000 .
S 1000 = Loss Modulus G" [Pa] - o Trat25°C
[} - e \ °
ég nmjaniSD 1000+ i
F s A Trat37°C
[ Hydrogel: T | ' o
g2 10 25wt/vol% of Poloxamer 407 g, 100 ¥ e

%~ CBD liposomes embedded
1 T T T 1 10+
0.1 1 10 100 1000
1_

Amplitude sweep at 37°C
100000 “« 60 & 6

_ -e- Storage Modulus G' [Pa]
&E 100004 ® e e eeescsses, —# Loss Modulus G" [Pa]
s
;f 1000] Bn prenasess R S s G’ and TF increase due to thermo-
3= & ipdrogel gelling properties of Poloxamer 407
£8 1004 L 25wt/vol% of Poloxamer 407
%~ ® CBD liposomes embedded
" . Angular frequency, w =10 s

T

; © 100 1000 Shear strain range (y) = 0.01 — 100%

Shear stress [Pa]

Ana Lucic, unpublished data
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