|
Labeling & Delivery Tools

A Novel System Enabling High Efficiency Low Toxicity
Transfection of Cells in 3D Culture

Anthony Lauer', Dan Maltman?, Gyorgyi Talas®, Stefan Przyborski?, Scott Hayes' and Laura Juckem'
' Mirus Bio, Madison, WI, USA, * Reinnervate Ltd, Sedgefield Co Durham, UK

= 7122 2D wioF} v glS- ] 3DE ujFE= AjEVE V] eA 0w
3AA(BD) 9] MlZujoFe st ool Q28 Edeg gdtdon el AE B a9l U:i 3D 7)ol thgk a7k =ofdol whel 3D
o-§= Il Q= 22k ]‘7 HQFR T} AR 22 7)ol Astsha] A njEg Ao) H85t 4= Ql= 53E EAw AT T2 Al e AY
35 o FARHA SR v 7S FAdsieh, Trefuf 23k Al o} BAAYESHA] ]%—4 7ko] @t=] a1 Q)}, in vivo 2% S-S
Hfjokol| o] 8E]= 83 7]a] ElATAS 32k Alzuljofo] Sl o Aol BHSE in vivo Alglof| oifgt =87 S7FskaL Qlct,
Ago17] Qe A= | Wo] wlofof glrt
Cell Viability Albumin Production

A B N
= Aol A<= 3D mfE A0 vljFalr] & i Aol EfiAEA S| - 500 |
of 5} 7]20] 3D EdlAwd meE I} whe] 2 x| scaffoldU] 9] 0.40, '_I - Ezz
/\1]5201] Ao g ERANLAT 4= Q= AARE SLE53T) 3D v £ 0.30- = i
oFol| & thofsl Eui Aml A A|oFo] T &) luciferasett GFP “12]al A3 H o201 I—l E 19 '_I
570 o5 Soll disl| A kit Al2z7} 3D ufckel & ﬂg’a}ﬁ =4 g .10 I=| j ]
ol EdiAEA a8 A7) sl Al UL A2E seeding $- A3 A 100
7t 59 H83 WeES slA g9, EdlAvld g8 DNA T 2 4 7 m o L
FogFolut reagent t DNAS] Hl& 59 24& §af o 4412 &= Days Days

o) A 3L %X} Z A E AT W0 XA T= A SZuljoF o . )
2ACE. A = ! 8] #H2h= 3D Al 8 2. Cell viability was determined using a MTT assay and showed greater numbers

E31 45 A8} B AlE509] transfection system®] 7S of viable HepG2 hepatocyte cells in alvetex than on 2D substrate. Secretion of albumin
o] &}, from 3D HepG2 cells was elevated compared to 2D culture. Data has been normalized
HARA O R transfection systemS alvetex polystyrene scaffoldit to total protein to take into account differences in cell numbers.
T35 32 v plate®t 32H MY Alazof] AubAo® Eqi A
34 ol EAAHA Aoko R FAE O] gE Mol 3D M= Hi 71
ReinnervateAl2] alvetext= Thy-A1 9] scaffold F22 Fo] Qlof A
7} 3R} 0 B AR} Bals) 22 o) o]AFA 0] 314 A aLTho.
3D cell culture?| &H 27} 33 j—i 378 i_g} = Q= oA ]: A5 =
3D HjoRS AFAo|A] Z|Fo] AR EEl 7% 3 2 9l Ao A= AR A= 32 Al S 7SSl Rt 3 alvetex
HE % RS Agshs AL BER FHh Alvetex plateo]q 3D = 2D Mol ARG wigtd Eejol sl e SekaE S o8s
BfjokEl AZE 2D plateo] 4] wjoFEl A WO} Hah} Lxo) sk o) 7] wiizol 2Dufjfoll Al SDujfo flA| ekl 4> Qlom Sz vl
713k A Ao sl 324 JeS o] & 9A]E FulAF Alofe AREEE 4= Qleh AP A in vivo 88 st

AAE alvetexi= F17F 200 pm ©]7] wfiZol] AL} AR EE 100
pm ol woll Az glek, o)A Azt ARk o g mAlde

8] 150-200 um °1F ‘:HOV]X] o= A 2 A ksl
EOJ aveltex+= H|ZAJ Q] wj-$- o1 o] L2 Alu-shy] o] 2]

2 A o] vk 4 Sl ARl Wl AHs A Ao
A R A B e

2D Call Growth ' 3D alvetex Cell Growth

& 1. Scanning electron microscopy images of HepG2 cells grown in 2D culture
versus alvetex scaffold. Cells in alvetex grow more homogeneously and develop a 3D
form characteristic of liver tissues in the body. Bokhari et al. J Anat. 2007, 211(4), 567-
576

172 3, Alvetex Scaffold for 3D Cell Culture. (A) Presentation of alvetex in a 12-well

plate format. (B) Alvetex is a highly porous cross-linked polystyrene scaffold, which as
been sectioned into 200 um thick membranes. (C) Cross section of HaCaT cells grown
for 3 days in submerged media conditions and 14 days at the air interface.
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18 4, 3D Transient Transfection Protocol. Using the 3D Transfection System, cells are
quickly adapted to 3D culture in alvetex 12-well plates. Post-adaptation, the cells are
transfected with high efficiency and minimal optimization using the TransIT-3D Transfec—
tion Reagent.
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8 5. Four potential transfection reagent formulations were screened in HepG2 cells.
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18 6. Seed density affects expression levels and optimal density must be determined
empirically for each cell line.

C. Seeding £ HZ AlZt
NIH3T3 fibroblast cell& alvetex 3D plate©]] ZZStE Aj22 W
A|7F =0t 3D ujjeko] H-SA)HLt AL 3 A

ZAU|EE TransIT-3D AJQko &

seeding?l & E7|4¥
i e 3 AR s o

=2

AHA AT nuclear stain Hoechst 33342 (blue) & A|ZEES
11 confocal microscopy 2.2 A|Z}s}s}3ic
72 48417108l

Ol

— lﬂ el
o

o) Al
A=
2|41 9] seeding & 4]+

7

(o]

2 Days

7 Days

3 7. NIH3T3 fibroblast cells were seeded at optimized cell density in alvetex 3D plates
and adapted to 3D growth for the indicated time points.
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18 8. 3D Transfection of Multiple Cell Types. In collaboration with Reinnervate, = &
[T
methods have been developed that enable the transfection of cells grown in 3D cul- O 20 G 10
ture. Common cell types (HelLa, HepG2, MCF-7, NIH-3T3 and CHO-K1) were seeded
at optimized cell densities in 12-well alvetex 3D plates and adapted to 3D culture con— 10 5
ditions for 48 hours. After adaptation, cells were transfected with TransIT-3D Trans—
fection Reagent combined with a plasmid encoding firefly luciferase at the reagent- 0 0
to—DNA ratios indicated beneath the bars. Luciferase activity was measured 24 hours 211 31 41 21 31 41
posttransfection using a conventional assay. High expression was detected in all cell
types demonstrating the efficiency of TransIT-3D Transfection Reagent when used
with alvetex 3D culture plates. MCF7 NIH3T3
40 25
3D MZH{AA| & 82| EMAENM Tt 35 -
20 -
) P 30
A. Confocal microscopyS Eall GFP &dd Z= = I
. 25+ e
HepG2 AZEE alvetex 3D plateo]] | #|she A2 W= seeding g o 154 T [
_ [ =
S ASAIZE o wjekalict 48A17F wjek & TransIT-3DE o]& 2z 20 8
6H =) PP AY vt Zelaueg ERARAY A £ 15- § 207
o
= nuclear stain Hoechst 33342 (blue)® 94A3}al confocal 5 104
. . - 5
microscopy = T ScaffoldUlol 4] Edl AT AL LS &g 5
TransIT—-3D7} 3D MiE= 25 Fukeh = Q155 Hojet, .
4 0+
2:1 31 41 2:1 31 41

& 10. Transfection efficiency measured by flow cytometry. Cells were seeded at
optimized cell densities in 12-well alvetex 3D plates and adapted to 3D culture condi-
tions for 48 hours. After adaptation, cells were transfected with TransIT-3D combined
with a plasmid encoding Green Fluorescent Protein at the reagent-to-DNA ratios indi—
cated. Efficiency of delivery was measured 24 hours later (CHO-K1 and NIH3T3) or 48
hours later (MCF7 and HepG2) using a BD LSRIl flow cytometer.

I3 9. TransIT-3D successfully transfects fibroblasts grown using 3D alvetex scaffold 2E

technology. Fibroblasts were transfected using TransIT-3D Transfection Reagent and
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imaged using a confocal microscope (Zeiss LSM510). The data shows a 40 micron
integrated stack of multiple images as viewed from above the intact 3D culture. The
position of all the cell nuclei are visualized with Hoechst 33342 (blue), and the positively
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