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Figure S1: Epithelial IMCD cells form multicellular tubular structures within Matrigel™
and type I collagen gels. (a) IMCD cells within Matrigel™ proliferate to form multicellular
spheroidal structures over time. (b) IMCD cells within type I collagen gels proliferate to form
multicellular tubular structures over time. (c¢) Relationship between type I collagen density (mg/
mL) and storage modulus (mean = SEM). (d) IMCD multicellular structure projected area and
Feret diameter at 14 d after encapsulation in type I collagen gel. Each data point represents one (c)
collagen gel or (d) multicellular structure. Graph lines represent the mean of the individual data
points. Unpaired t-test with Welch’s correction was used. P-values of statistical significance are
represented as ***P < 0.0002. An adjusted p-value < 0.05 was considered significant. (e)
Transmitted light microscopy images of IMCD cells within type I collagen gels of different
concentrations after 14 d post-encapsulation. Bars, 100 pum. Experiments performed with 6

collagen gels or Matrigel™ per experimental group.
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Figure S2: PEG-4MAL hydrogel preparation and mechanical properties. (a) PEG-4MAL
macromers are conjugated with thiol-containing adhesive peptide to produce a functionalized
PEG-4MAL macromer via Michael-type addition reaction, which is then crosslinked in the
presence of cells using protease-cleavable peptides containing terminal cysteines to form (b) a
hydrogel network. (c) IMCD cells are collected from culture plates and mixed with
functionalized PEG-4MAL macromer solution, subsequently cast in multi-well plates and cultured
in growth media to obtain IMCD tubules. (d) Relationship between polymer density (wt%) and
storage modulus (mean = SEM) of 10 kDa PEG-4MAL hydrogels functionalized with 2 mM RGD
and crosslinked with GPQ-W or IPES. (e) Relationship between polymer density (wt%) and
storage modulus (mean = SEM) of 20 kDa PEG-4MAL hydrogels functionalized with 2 mM (for
6, 8, 10, 12 and 14%) or 4 mM RGD (for 9.15%) and crosslinked with IPES. Each data point
represents an independently prepared hydrogel. Analysis performed to at least 4 PEG-4MAL
hydrogels per experimental group. Adapted from Cruz-Acufia and Quir6s et al. (2017).
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Figure S3: PEG-4MAL hydrogel promotes formation of IMCD multicellular structures of
different phenotypes. Transmitted light microscopy images of IMCD multicellular structures
within PEG-4MAL hydrogels forming (a) smooth cluster, (b) spiked clusters, or (c) tubules after
21 d post-encapsulation. Blue arrows indicate (b) spikes or (c) tubules in multicellular IMCD

structures. Bars, 100 um.

C
0
-

(]

£

e
L
£

o

o

(]
-+

C

(0]

£
Q

Q

Q

=}
wn

.

(0]

(O]

C
Q0

O
(7p]
ko]
@)
Y

o
©

c

-

>

o
S



J. Cell Sci.: doi:10.1242/jcs.226639: Supplementary information

6%, 20 kDa, IPES

d f

L]

®

100- *
] 100000~
o 20 = E 80000
_— L =
0 '
o 607 + 60000
> T g
407 -+ 2 40000+
(J ©
N .
[1°]
20 © 20000
<
0 T T 0-
IPES PEGDT
Crosslinker
e
Day 3

8%, 20 kDa, IPES

8%, 20 kDa, PEGDT

8%, 20 kDa, GPQ-W

8%, 20 kDa, IPES

* ) *%
1 g_ 500 1
: [ ]
a = 400+
E a
= 300-
© oS a
° - %"
a 2 .:...
oo, © 200 st
g 0;30 a
B 100 eece, %
it
o
£ 0 T T
IPES PEGDT IPES PEGDT
Crosslinker Crosslinker
Day 11

1t S
i
Y .
5
)
[t
1
44
i
I - i
¢
44
¢
[l s

8%, 20 kDa, IPES

8%, 20 kDa, PEGDT

\

C
kel
=)

©

€

o
L
£

fay

©
2

C

(0]

£
Q

Q

Q

3>
wn

L]

(0]

(8]

C
0

(§]
wn
O
©)
Y=

(o]
©

c

=

3>

o
e




J. Cell Sci.: doi:10.1242/jcs.226639: Supplementary information

Figure S4: Threshold level of PEG-4MAL mechanical properties and matrix degradability
dictates IMCD cell viability. (a-c) Transmitted light and fluorescence microscopy images of
IMCD cells cultured in PEG-4MAL hydrogels of different conditions stained for dead. IMCD
cell viability was assessed at 7 d after encapsulation on (a) 6%, 20 kDa PEG-4MAL-RGD
hydrogels crosslinked with IPES peptide, or (b) 8%, 20 kDa PEG-4MAL-RGD hydrogels
crosslinked with GPQ-W peptide, or (c) 8%, 20 kDa PEG-4MAL-RGD hydrogels crosslinked with
IPES peptide. (d) Percentage of IMCD cells that stained for live (mean + SEM) after 3 d of
encapsulation in 8%, 20 kDa PEG-4MAL-RGD hydrogels crosslinked with IPES peptide or non-
degradable PEGDT. (e) Fluorescence microscopy images of IMCD cells cultured in PEG-4MAL
hydrogels. IMCD cell viability was assessed at 3 d after encapsulation. (f) IMCD multicellular
structure projected area and Feret diameter at 11 d after encapsulation in 8%, 20 kDa PEG-4MAL-
RGD hydrogels crosslinked with IPES peptide or PEGDT. (g) Transmitted light microscopy
images of IMCD cells cultured in PEG-4MAL hydrogels. Bars, 200 pm. Graph line represents the
mean of the individual data points. Each data point represents one multicellular structure. Unpaired
t-test with Welch’s correction was used. P-value of statistical significance is represented as **P <
0.0021, *P < 0.0332. An adjusted p-value < 0.05 was considered significant. Experiments
performed with 6 PEG-4MAL hydrogels per experimental group.

[
ks
)

©

€
|-
qg
£

o)

S

©
+

[

(0]

£
@

Q

Q

=)
wn

L[]

(0]

o

c
o

(]
wn
=
@)
G

(@)
©

c

—

=)

O
=




J. Cell Sci.: doi:10.1242/jcs.226639: Supplementary information

uonjewoul Aieyuswa|ddng « 35uUaIdS |9 4O jeusnor

' N
e

1

.

il
Woee

Y-27632
: o >
»
-l —

Blebbistatin

1 Reg 1z Aeq

0
12
2 g § o
Z2 2 3
8 3 23
D = 8 o S
8353 228
s 2 8 2 F g
o = S Q
286 oo
*
O,_..\v
X - (74
h &
9.
—_ «n'ux
2 4
© e,
0
+ B ,
T o &5 0@0
£
B
%
~
<
r r { o o °
o o o =] 0
o n L
- adfjouayd jo Juadiad
(1] adAjouayd jo juasiad (3 Lo}



J. Cell Sci.: doi:10.1242/jcs.226639: Supplementary information

Figure SS: Engineered PEG-4MAL hydrogel promotes increase in the number of
multicellular structures with organized tubules over time via integrin receptors and
cellular contractility. (a) Percentage of IMCD multicellular structures (mean + SEM) that
classified as either “smooth clusters”, “spiked clusters”, or “tubules” after 7, 14 and 21 d of
encapsulation in the engineered hydrogel. y? test with Bonferroni’s correction was used; *, P <
0.0001 for day 7 vs day 21. At least 10 multicellular structures were analyzed per condition. (b)
Fluorescence microscopy images of IMCD tubules within engineered hydrogel stained for actin
(phalloidin) and nuclei (DAPI) at different time-points. Bars, 100 pm. (c) Percentage of IMCD
multicellular structures (mean = SEM) that classified as either “smooth clusters”, “spiked
clusters”, or “tubules” after 21 d of encapsulation in the engineered hydrogel and in the presence
of inhibitors of integrin subunits and cellular contractility. ¥* test with Bonferroni’s correction was
used; *, P <0.0002 for DMSO vs a1, P <0.0002 for DMSO vs a2, P <0.0001 for DMSO vs Bi, P
< 0.0002 for DMSO vs blebbistatin, and P < 0.0012 for DMSO vs Y-27632. At least 10
multicellular structures were analyzed per condition. A p-value < 0. 0332 was considered
significant. (d) Transmitted light images of IMCD multicellular structures at 21 d post
encapsulation in the engineered hydrogel in the presence of inhibitors of integrin subunits and
cellular contractility. Bars, 200 pum. Experiments performed with 6 PEG-4MAL hydrogels per

experimental group.
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Figure S6: Engineered PEG-4MAL hydrogel supports tubulogenesis of primary renal
proximal tubule cells. (a) Percentage of RPTCs that stained for live (mean £ SEM) after 1 d of
encapsulation in 6% and 10% PEG-4MAL-RGD hydrogels crosslinked with IPES peptide. Each
data point represents one independent hydrogel. At least 100 cells were assessed per condition.
(b) RPTC multicellular structure Feret diameter at 28 d after encapsulation in PEG- 4MAL
hydrogels. Each data point represents one multicellular structure. Graph lines represent the mean
of the individual data points. Unpaired t-test with Welch’s correction was used. P-value of
statistical significance is represented as ****P < (0.0001. An adjusted p-value < 0.05 was

considered significant. (c¢) Transmitted light and fluorescence microscopy images of RPTCs at 28

d after encapsulation in PEG-4MAL hydrogels stained for actin (phalloidin). Bar, 100 um.

Experiments performed with 6 PEG-4MAL hydrogels per experimental group.
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