bioRxiv preprint doi: https://doi.org/10.1101/2021.10.11.463939; this version posted October 12, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 1. 3D culture enhanced BA differentiation. (A) BA differentiation protocol. (B) 3D BA
microtissues in microwells on day 17 and their immunostaining. HuNu: human nuclear antigen. (C)
Flow cytometry analysis of UCP-1 expression on day 17 for BAs prepared in 2D culture and 3D culture
with varied aggregate sizes. (D) The mean fluorescent intensity (MFI) of UCP-1 as measured with flow
cytometry in (C). (E) The day 17 BA microtissues were plated on 2D surface for 6 days and stained for
UCP-1 expression. Data are represented as mean £ SEM (n=3). ****p < 0.0001.
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Figure 2. BA microtissues survived in vivo with angiogenesis and innervation. (A) The transplantation
protocol. (B) H&E staining of 1-month and 5-month transplant. The transplant and adjacent kidney
tissue are labelled. Immunostaining of the 5-month transplant and adjacent kidney tissue with human
UCP1 (hUCP1) (C) , mouse CD31 (mCD31) (D) , and mouse tyrosine hydroxylase (mTH) (E) .
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Figure 3. BA microtissues alleviated obesity and diabetes. (A) Body weight gain, (B) % fat mass,
(C) % lean mass, (D) fasting glucose level, (E) GTT (day 150), and (F) ITT (day 170). WT: wild type

mouse; Ragl'/': Ragl knock-out mice; NCD: normal chow diet; HFD: high fat diet. Data are
represented as mean + SEM (n=6). *p < 0.05, ***p < 0.001, ****p < 0.0001.
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Figure 4. Continued next page
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Figure 4. BA microtissues protected endogenous BAT (endoBAT). (A) H&E staining of endoBAT. BA
size (B) and area (C) in endoBAT. (D) Mouse UCP-1 and CD31 expression in endoBAT. (E) Mouse
TH and CD31 expression in endoBAT. Data are represented as mean + SEM (n=6). ****p < 0.0001.
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Figure 5. Continued next page.
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Figure 5. BA microtissues reduced endogenous WAT hypertrophy and liver steatosis. (A) H&E
staining of mouse subcutaneous white adipose tissue (SCWAT). (B, C) Adipose size and area in
SCWAT. (D) Mouse CD31 expression in SCWAT. (E) H&E staining of mouse liver. (F) Adipose area in
liver. Data are represented as mean + SEM (n=6). *p < 0.05, **p < 0.01, ****p < 0.0001.

37


https://doi.org/10.1101/2021.10.11.463939

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.11.463939; this version posted October 12, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
NCD HFD HFD+BA
@ Rag1/NCD Reference
4000 @ Rag1--HFD " JReference 1000
B Rag1--HFD+BAT |_| ANGPT-L3
DPPIV
— IIE:n(t:chaR
= 3000~ stuin A
2 :
= * |_| IGFBP-1 I 20000
2 \GEBD3
® 20007| . IGFBP-5
£ I IGFBP-6
S LeRtit
E i Lipocalin-2
8 1000 Pentr::a;((i:nsz 10000
® Pentraxin 3
RBP4
Resistin
oo .
0 o Reference
Adiponectin  Chemerin TGF-b1 Negative
C ® Rag1’-NCD
® Rag1--HFD
- .
15— B Rag1/HFD+BAT m
(] * fualid kil [ dddd * * i
O I
L)) i I
=
31.0—I|_| III 0¥ oi on IIi oz o
s |k .
L ® ®
—
< 5 s
2 b . ® L
% 0.5
@
o
| I 1 1 1 ] I 1 1 1 1
& > R N N phe pa) © iz A
& & F N & & & N
SRS v & & & & &
¥ \s Q%

Figure 6. BA microtissues secreted human protein factors and modulated endogenous adipokines.
(A) Protein factors in mouse plasma detected using human obesity antibody array. (B, C) Heatmap
and quantification of adipokines in mouse plasma detected using mouse adipokine antibody array.
Data are represented as mean + SEM (n=3). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 7. Scaling up BA microtissue production. Preparing BA microtissues in shaking plates (A) and
PEG hydrogel (B). (C)Immunostaining of day 17 BA microtissues prepared in shaking plates and PEG
hydrogel. Microtissues were plated on 2D surface for 6 days before staining.
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Figure 8. Preserving BA microtissues. Live/dead cell staining of day 27 fresh BA microtissues (A), or
stored at room temperature for 24 h (B), or stored in liquid nitrogen and recovered (C).
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