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SI-1 Synthesis of pullulan-DEX conjugates

The synthesis of pullulan-DEX conjugates (Scheme S1) was based on a multistep procedure
described previously in detail [1]. Briefly, in Scheme S1, I.) pullulan was activated through
carboxyethyl-pullulan, II.) converted to carboxyhydrazide-pullulan, and then III.) conjugated
with DEX and IV.) fluorescent labels Cy3 or BDP (general name: ‘label” in Scheme S1). Pullulan-
DEX was obtained with 90% mol/mol recovery yield; 5.2% GPU (glucose per unit) DEX group
derivatization yield corresponding to 10% w/w conjugation yield of DEX.
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Scheme S1. Schematic representation of pullulan-dexamethasone conjugate synthesis.
Fluorescent labels Cy3 or BDP have the general name: ‘label” in Scheme. Details can be found in
our recent publication [1].

SI-1.1. Synthesis of BDP-pullulan-DEX

Pullulan-DEX labelling with BDP was performed according to published protocols [1,2]. Briefly,
pullulan-DEX (0.19 g, 0.9 mmol GPU) was dissolved in 62 mL of 4:1 v/v DMSO/DMF anhydrous
mixture followed by triethylamine (TEA, 0.01 mL, 0.07 mmol) and maintained at room
temperature for 2 hours. BDP-FL-NHS ester (0.012 g, 0.03 mmol) dissolved in 1.1 mL of



anhydrous DMSO was added to the pullulan-DEX solution. The reaction was maintained under
nitrogen atmosphere and stirring continued at room temperature for 2 days in the dark. The
conjugate was isolated by precipitation and washed with DCM as reported before [1] to eliminate
unconjugated BDP label. BDP-pullulan-DEX was obtained as orange powder with 89% mol/mol
recovery yield and 5.2% GPU DEX derivatization yield and 1.1% GPU BDP derivatization yield.

H NMR (400 MHz, DMSO-ds, with internal standard (IS) 4-chloro-3-nitrobenzoic acid): 0 8.34 (d,
1 aromatic proton (Har), IS), 8.08 (dd, 1Har, IS), 7.69 (d, 1Har, 1S), 5.62-3.00 [1H, (1—4)-a-
glycosidic bond; 1H, (1—6)-a-glycosidic bond; 5H, remaining Hs of glucopyranose; 2H, -CH>-,
carboxyethyl group; 12H, remaining Hs of dexamethasone; 4H, 2x -CH-, bodipy], 2.67 (p, 3H, -
CHs, bodipy), 2.33 (p, 3H, -CHjs, bodipy), 1.24 (s, 3H, CHsar, dexamethasone), 1.11 (d, 3H, -C-CHs,
dexamethasone), 0.84 (d, 3H, -CH-CHs, dexamethasone).

SI-1.2. Synthesis of BDP-pullulan

Carboxyhydrazide-pullulan (0.18 g, 1.01 mmol GPU) was dissolved in 10 mL of anhydrous
DMSO. 0.12 mL of BDP-FL-NHS ester (0.012 g, 0.03 mmol) solution in anhydrous DMSO was
added to the mixture under stirring in the dark followed by 0.01 mL TEA (0.07 mmol). The
reaction mixture was stirred at room temperature for 2 days in the dark. The polymer was isolated
by precipitation in DCM as described previously [1]. The orange solid BDP-pullulan was obtained
with 86% mol/mol recovery yield and 2.2% GPU BDP derivatization yield.

'"H NMR (400 MHz, D20): d 7.56 (s, 1Har, bodipy), 7.16 (d, 1Har, bodipy), 6.50 (d, 1Har, bodipy),
6.40 (s, 1Har, bodipy), 5.43 (d, 1H, (1—>4)-a-glycosidic bond), 5.00 (s, 1H, (1—6)-a-glycosidic
bond), 4.60-3.40 [5H, remaining Hs of glucopyranose; 2H, -CH>-, carboxyethyl group; 4H, 2x -
CHz-, bodipy], 2.59 (s, 3H, -CHs, bodipy), 2.34 (s, 3H, -CHs, bodipy); 'H NMR (400 MHz, DMSO-
ds, with internal standard (IS) 4-chloro-3-nitrobenzoic acid): d 8.39 (s, 1Har, 1S), 8.11 (d, 1Har, 1S),
7.77 (d, 1Har, IS), 6.53 (s, 1Har, bodipy), 5.62-3.00 [1H, (1—4)-a-glycosidic bond; 1H, (1—>6)-a-
glycosidic bond; 5H, remaining Hs of glucopyranose; 2H, -CH:-, carboxyethyl group; 4H, 2x -
CH>-, bodipy), 2.67 (s, 3H, -CHs bodipy), 2.33 (s, 3H, -CHs bodipy).

The similar labelling procedures were applied and published for Cy3-pullulan-DEX and Cy3-
pullulan together with more details about the synthesis procedures, purification methods and
characterizations [1].

SI-2 Ex vivo mouse retinal organ culture

The brief schematic interpretation of the preparation of organotypic retinal culture and
maintenance of the retinal explants is placed in Figure S1. All procedures were performed
according to published protocols [3,4]. Briefly, PN6 mice were sacrificed and the eyes were
enucleated in an aseptic environment and pretreated with 12 % proteinase K (MP Biomedicals,
0219350490) for 15 minutes at 37 °C in Neurobasal® Medium (GIBCO, Thermo Fisher Scientific,
Dreieich, Germany). The enzymatic digestion was stopped by the addition of 20 % FBS (Sigma-—
Aldrich, F7524). Retinae were isolated with the RPE attached and four radial cuts were made to
flatten it as described previously [5,6]. Then, the tissue was transferred to a 0.4 pum polycarbonate



membrane (Corning Life Sciences, CLS3412), the RPE side touching the membrane. The inserts
were placed into 6-well culture plates and incubated in complete medium (Neurobasal® Medium,
B-27® Supplement, N-2 supplement, GlutaMAX™ from GIBCO, Thermo Fisher Scientific,
Dreieich, Germany; antibiotics mixture containing 100 ug/mL Streptomycin and 100 units/mL
Penicillin from PAN Biotech, Aidenbach, Germany) at 36.5 °C.

The tissues were randomly assigned to the following treatment groups with pullulan conjugates:
Cy3-pullulan (1.7 mg/mL), Cy3-pullulan-DEX (0.7, 1.4, and 1.9 mg/mL) and untreated control.
The treatments were carefully applied on the top of the retinal tissues (on the ganglion cell layer)
using volumes of 15 uL. No treatment was applied on the control tissues. Six retinal tissues were
used for each group. The complete medium was changed every 48 hours and maintained in a
humidified atmosphere of 5% CO: at 37 °C for six days.

The tissues were immersed in 4 % paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4) for
45 minutes at 4 °C, followed by cryoprotection in graded sucrose solutions (10 %, 20 % and 30 %)
and embedded in cryomatrix (Tissue-Tek® O.C.T. Compound, Sakura® Finetek, VWR, 4583).
Radial sections (14 um thick) were collected, air-dried, and stored at -20 °C. The visualization of
dying cells of the retinal explants in all evaluated groups was provided using TUNEL assay [7],
with the in situ cell death detection kit conjugated with fluorescein isothiocyanate (Roche,
11684795910). DAPI (Vectashield Antifade Mounting Medium with DAPI; Vector Laboratories,
H-1200) was used as a nuclear counterstain. Sections were incubated overnight at 4 °C with Iba-
1 or glutamine synthetase specific antibodies. Fluorescence immunocytochemistry was
performed using Alexa Fluor® 488 conjugated secondary antibody (Invitrogen, A-11031).
Negative controls were carried out by omitting the primary antibody. The obtained images were
then processed with Image] software 1.52n.

All samples were analyzed using a Zeiss Axio Imager Z1 ApoTome microscope, AxioCam MRm
camera and Zeiss Zen 2.3 software in Z-stack at 20x magnification. For quantitative analysis,
positive cells in the ONL of at least five sections per group were manually counted.
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Figure S1. Schematic representation of the ex vivo retinal organ culture method: (A) six-day-old
wild-type C57BL/6 mouse model; (B) removing the eyeball and preparation of the retina tissue
under dissection microscope; (C) isolated retina tissue placed on the membrane insert with
medium; and (D) application of the particle solution (pullulan-DEX or pullulan) on the top of the
retina tissue and correlation with the in vivo intravitreal injection of particle solution with detailed
representation of the cell layers in the retina (GLC, INL, ONL and RPE).

SI-3 Calibration curve for in vivo fluorophotometry measurements

The solution of BDP-pullulan was prepared in sterile PBS, pH 7.4 (5 mg/mL). Several dilutions
(245, 175, 125, 75, etc. ug/mL) were prepared and measured by Fluorotron instrument to set up a
calibration curve (Figure S2).
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Figure S2. Calibration curve of BDP-pullulan measured by Fluorotron.

The solution of BDP-pullulan-DEX was prepared in sterile PBS, pH 7.4 (5 mg/mL). Several
dilutions (500, 350, 250, 175, etc. pg/mL) were prepared and measured by Fluorotron instrument

to set up a calibration curve (Figure S3).
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Figure S3. Calibration curve of BDP-pullulan-DEX measured by Fluorotron.

SI-4 Pharmacokinetics simulations
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Figure S4. Percentage of releasable dexamethasone vs time. The maximum amount of releasable
dexamethasone 125 ug from 5000 pg pullulan-DEX was considered as 100 percent [1]. The release
data in the vitreous medium were used in this graph. The equation of fitted line is Y = 95.88 e
00013t The weighting method of 1/Y? was used for nonlinear fitting.



Table S1. Parameters used in kinetic simulations.

Species
Parameters in kinetic simulations Symbols Units Rat Rabbit Human
Vitreal elimination rate constant of pullulan-DEX Kop h1 0.042 2 0.012 0.0058 »
Vitreal volume of distribution Vo wul 84 ¢ 1150 [8] 4500 [9,10]
Aqueous humor volume Vagu ul 18.2 [11] 287 [12] 250 [13]
Vitreal elimination rate constant of dexamethasone Ko-p h1 0.693 d 0.199 [14] 0.126 [15]
Elimination rate constant of dexamethasone from anterior route Kagnp h1 15¢ 1.5[16,17] 1.5¢
Elimination rate constant of dexamethasone from vitreous via | Kp-p ht 0.607 £ 0.174 ¢ 0.11°¢
posterior route
Elimination rate constant of dexamethasone from vitreous via | Kp-p h1 0.086 ¢ 0.025 ¢ 0.016 ¢
anterior route
Intravitreal Injection volume Vinj ul 3 50 100
Intravitreal dose of pullulan-DEX Dr ug 308 500 & 500 8
Aqueous humor flow rate f pulLh1 21[11] 180 [18] 165 [19]
Elimination rate constant of pullulan-DEX from the anterior | Kagr ulLh? 1.15 0.627 0.66
chamber (f/VAqH)
First order release rate constant of dexamethasone from pullulan- | K h1 0.0013 f 0.0013 f 0.0013 ¢
DEX
Ratio mass of releasable DEX to pullulan-DEX M:-pp e 0.025 ¢ 0.025 ¢ 0.025f
Concentration of IVT injected solution of pullulan-DEX Cinj mg.ml! 10 10 10
Virtual delay rate constant for dexamethasone Kap h1 501 5h 251
Virtual delay rate constant for pullulan-DEX Ka h1 7] 0.7k 0.35]
Species
Parameters in kinetic simulations Symbols Units Rat Rabbit Human
Vitreal elimination rate constant of pullulan-DEX Kop h1 0.042 2 0.0122 0.0058 b
Vitreal volume of distribution Vo ul 84 ¢ 1150 [8] 4500 [9,10]
Aqueous humor volume Vaqu ul 18.2 [11] 287 [12] 250 [13]
Vitreal elimination rate constant of dexamethasone Ko-p h1 0.693 d 0.199 [14] 0.126 [15]
Elimination rate constant of dexamethasone from anterior route Kaghp h1 15¢ 1.5 [16,17] 15¢
Elimination rate constant of dexamethasone from vitreous via | Kp-p ht 0.607 £ 0.174 ¢ 0.11¢
posterior route
Elimination rate constant of dexamethasone from vitreous via | Kp-p ht 0.086 ¢ 0.025 ¢ 0.016 ¢
anterior route
Intravitreal Injection volume Vinj ul 3 50 100
Intravitreal dose of pullulan-DEX Dr ug 308 500 & 500 8
Aqueous humor flow rate f pul.h1 21 [11] 180 [18] 165 [19]
Elimination rate constant of pullulan-DEX from the anterior | Kagr ulLh?t 1.15 0.627 0.66

chamber (f/VAqH)




First order release rate constant of dexamethasone from pullulan- | K h1 0.0013 f 0.0013 f 0.0013 ¢
DEX

Ratio mass of releasable DEX to pullulan-DEX M:-pp e 0.025 ¢ 0.025 ¢ 0.025 f
Concentration of IVT injected solution of pullulan-DEX Cinj mg.ml1 10 10 10
Virtual delay rate constant for dexamethasone Kap h1 501 5h 25i
Virtual delay rate constant for pullulan-DEX K h1 7] 0.7k 0.35]

2 The experimental values for vitreal elimination constant of pullulan-DEX are from the current study. ® For estimating
the elimination rate constant of pullulan-DEX in humans, the value of the rabbit was divided by two. The average time
of the diffusion in the human is almost two times longer in humans compared to rabbits [20]; therefore, half of the
values were assumed for humans. ¢ Apparent volume of distribution for rats is from current study. This value is at the
range of anatomical volume (~50 pl). In the case of humans, anatomical volume was assumed. The average volume of
distribution after IVT injections was assumed in the case of rabbits, slightly lower than the anatomical volume (~1.5
ml) [21]. 4 The vitreal elimination rate constant of dexamethasone in rats is not yet known. The elimination rate constant
of dexamethasone in rats was assumed to be similar to fluorescein. The elimination half-life of fluorescein in rats is
about 1 hour. The half-life of fluorescein in rabbits is about 3 hours [22], which is within the same range of
dexamethasone with 3.5 hours elimination half-life. Moreover, the molecular weight and lipophilicity of
dexamethasone and fluorescein are in the same range ( logD7.4 for fluorescein and dexamethasone are 2.68 and 2.03,
respectively[23]). ¢ The elimination rate constant of the dexamethasone from the anterior chamber was considered to
be similar for rats, rabbits and humans. f The contribution of the elimination rate from anterior route to the total vitreal
elimination for dexamethasone was considered as 12.5 percent. In the case of rabbits, this value could reproduce the
experimental values in the aqueous humor following IVT injection. This ratio is consistent with the average ratio of
aqueous humor/vitreous to the vitreous surface if we consider that as an ideal sphere. As shown by Hutton-Smith et
al. [13], this ratio is almost in the same range in different species, including rabbits, humans and monkeys. For rats and
rabbits, the dose of conjugate was the same as the experimental dose in this study. In the case of humans, the same
dose as rabbits was assumed. f The values are from in vitro release in the vitreous as a medium. " The virtual delay
constant for dexamethasone was determined empirically to reproduce the experimental concentration in the aqueous
humor of rabbits[14]. ! The virtual delay constant for dexamethasone in rat and human were considered as 10 and 0.5
times of the values in rabbit, respectively. The diffusion time from center of the vitreous to the borders in rats and
humans is about 10 and 0.5 times of values in rabbits, respectively [13]. ¥ Virtual delay constants were determined to
reproduce the tmax values from our experimental data of pullulan-DEX in rabbits. With the same rational as the delay
constant for dexamethasone, the values for rats and human were assumed to be 10 and 0.5 times of values in rabbits,

respectively.
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Figure S5. Stella model of the Kinetic simulations of pullulan-DEX conjugate and released

dexamethasone.

SI-5 Safety on in vivo mice model
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Figure S6. Fundus and optical coherence tomography (OCT) images of mouse vitreous and retina
taken 24 hours after IVT injection of (1 pL of the 5 mg/mL) fluorescently labelled Cy3-pullulan-
DEX and Cy3-pullulan. The untreated eye was used as control. The length of scale bar for fundus
images are 200 um. In the case of OCT, vertical and horizontal scale bars in OCT are 110 and 130
pm, respectively.

A 03 B

= 2 03,
2 5
= =
T 024 T - T 021
= z
2011 2 014
=
H I I B
S 00 I 1 £ 00 T + L 1
A " & ) ol &
< Q,QQ’ S < Qg“’ &
é‘b R 3‘3 o
W ’ I &
> (o ¢
oA Q"f
oY oY
C o 181 D g 18
E 16 o 16 T T
E 144 & 141 I T T
Eef T T T £ 12
= 101 T T T = 104
& s T 8
5 ¢ S 6
2 a4 £ 44
E 2 E 2
=
Z O T L] L] Z O T L] L]
"t & & d &>
= ¥ = < ¥ &
& > & >
a3 R N R
Nl L N L
R CY R (
& &
(o (o

Figure S7. Two-month-old mice retinal explant analysis after IVT administration (1 pL) of the 5
mg/mL Cy3-pullulan-DEX (m) and Cy3-pullulan (m). Untreated mouse retina (m NT) was used as
control. TUNEL-positive nuclei in A) the inner nuclear cell layer (INL), and B) the outer nuclear
cell layer (ONL); counted and plotted as percentage respect to all nuclei in the corresponding
analyzed INL and ONL area. TUNEL-positive nuclei in the INL and ONL were counted and
plotted as percentage of all nuclei in the respective INL and ONL areas. The number of cell rows
in C) INL and D) ONL. Bars indicate standard deviations of means.
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Figure S8. Images of two-month-old mice retinal sections after intravitreal administration (1 uL)
of the 5 mg/mL Cy3-pullulan-DEX and Cy3-pullulan. Untreated eye (NT) was used as control.
TUNEL assay (fluorescein in green), pullulan samples (cyanine3 in red) and cell nuclei (DAPI in

blue). RGB: overlay of red, green and blue channels. Bar size: 20 um. Note: selected red channels
are in following Figure S9.
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Figure S9. Images of two-month-old mice retinal sections after IVT administration (1 uL) of the 5
mg/mL Cy3-pullulan-DEX and Cy3-pullulan and untreated eye (NT) was used as control.
Selected red channels referring to Figure 15 in the main text of the publication. Bar size: 20 um.
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