Supplementary Data

In Vivo Bone Formation by iMPCs
Materials and methods

Induced pluripotent stem cell (iPSC)-derived mesenchy-
mal stem cell (MSC)-like progenitor cells (iMPCs) (1 x 10°
M-iMPC-GMs in 10 pL.) were implanted with 90 pL collagen
type I carrier with 1 pug recombinant human bone morpho-
genetic protein-2, BMP-2 into the left thlgh muscle of 2- to
3-month-old NOD CB17-Prkdc*“/J mice according to an
TACUC approved protocol. As control, a similar implant
without BMP-2 was made in the right thigh. The implant site
was monitored by micro-computed tomography (micro-CT)
for approximately 6 weeks postimplantation, after which the
thigh muscle was harvested and examined histologically by
H&E, Alizarin Red, and Masson’s Trichrome staining.

Results

Bone formation was first observed only in the BMP-2-treated
iMPC implant by micro-CT at week 2 postimplantation, and
continued for approximately week 6 (Supplementary Fig. S7A).
Mean bone density remained fairly constant from week 2 to 6
(318-339 mg hydroxyapatite/cm”), although bone volume de-
creased from 0.28 to 0.09 mm® during the same period, sug-
gesting tissue turnover and resorption. The presence of
mineralized matrix was observed by histological staining
(Supplementary Fig. S7B). In contrast, neither untreated iMPCs
nor BMP-2 alone induced ectopic bone formation (Supple-
mentary Fig. S7C).

Conclusions

iMPCs were capable of BMP-2-induced osteogenesis on
ectopic transplantation, and are, thus, MSC like. As antici-
pated, BMP-2 alone did not induce bone formation in this
specific model, which is due to low retention at the im-
plantation site.
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SUPPLEMENTARY FIG. S1. CD90 is expressed in
BMSCs and iPSCs. (A) Flow cytometric analysis of CD90
in BMSCs (left) and M-iPSCs (right). (B) Immuno-
fluorescence staining of CD90 (green) and DAPI counter
staining (blue) in BMSCs (left) and AE-iPSCs (right). (C)
gPCR analysis of CD90 expression in BMSCs, M-iPSCs,
and AE-iPSCs (upper left) and agarose gel bands of gPCR
products (bottom). CD90 expression in BMSCs and M-
iPSCs according to qPCR array (right). qPCR, quantitative
polymerase chain reaction.
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SUPPLEMENTARY FIG. S2. Flow cytometric analysis of surface marker expression in M-iMPC-CCs, M-iMPC-GMs,
A-iIMPC-SDs, and A-iIMPC-GMs. Assessed surface markers included those typically present on BMSCs (CD73, CD105,
and CD44), typically absent on BMSCs (CD45, HLA DR), and associated with pluripotency (TRA-1-60). Analysis of iMPC
surface markers was performed with pools of four to six replicate cell lines. BMSCs, bone marrow stromal cells; CC,
coculture; EB, embryoid body; GM, growth medium; iMPC, induced pluripotent stem cell (iPSC)-derived mesenchymal
stem cell (MSC)-like progenitor cells; SD, spontaneous differentiation.
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SUPPLEMENTARY FIG. S3. Flow cytometric analysis of CD73 expression in individual iMPC lines derived from M-
iPSCs and AE-iPSCs as indicated. Four to six replicate cell lines were analyzed for each derivation method. CD73
expression was homogeneous within each cell line but deviated between replicate cell lines.
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SUPPLEMENTARY FIG. S4. In vitro osteogenesis (A—C) and adipogenesis (D, E) of A-iMPCs in a preliminary
experiment. In osteogenic medium, Alizarin Red staining (A, B) verified matrix mineralization in induced samples but not
in non-induced controls. ALP activity (C) was negative on day 0 and strongly induced on days 7 and 21. In adipogenic
medium (D, E), Oil Red O staining verified production of lipid droplets in induced samples but not in non-induced controls.
iMPCs, induced pluripotent stem cell-derived MSC-like progenitor cells. ALP, alkaline phosphatase.
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SUPPLEMENTARY FIG. S5. Trilineage differentiation capacity of iMPCs. One M-iMPC-GM cell line (leff) and
BMSCs (right) were induced to undergo osteogenesis (top), adipogenesis (middle), and chondrogenesis (bottom) in
monolayer culture. Alizarin Red staining indicates matrix mineralization, Oil Red O, formation of lipid vesicles, and Alcian
blue, deposition of sulfated glycosaminoglycans. Scale bars represent 200 pm.
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SUPPLEMENTARY FIG. S6. ALP gene expression on
day 21 of osteogenic induction (fop) and enzyme activity on
day 7 (bottom) in BMSCs versus iMPCs. Values are median
(bars), with the boxes representing first and third quartile
and whiskers representing maximal and minimal values.
Outliers are depicted as circles. Group sizes were n=3 for
BMSCs (independent replicates from one donor) and n=4-6
for iMPCs (replicate cell lines). Significant differences
(p<0.05) between iMPCs and BMSCs are designated by an
asterisk. Significant differences (p<0.05) between M-
iMPCs and A-iMPCs are designated by §.
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SUPPLEMENTARY FIG. S7. In vivo BMP-2-induced bone by formation by iMPCs. (A) Micro-computed tomography
imaging. Weeks 3 and 6 images shown (circled). (B) Histological staining of week 6 implants. (Leff) H&E, (middle)
Trichrome, and (right) Alizarin Red, showing evidence of matrix deposition and mineralization (arrows). BV, blood vessel;
M, muscle. Scale bar=20 pm. (C) BMP-2 alone did not induce ectopic bone formation.



"UOTIRT)URIRJJIP
snoauejuods ‘@S ‘s[eo 10yuasord oYI-(DSIA) [[00 WIS [BWAYIUISAW PIALIP-(DST) 100 we)s juajodinyd paonpur ‘DJIAT ‘wnIpawr YmoIs ‘D Apoq proLiquo ‘gg eImnood D)
‘u22.48 poyurid axe souad paje[n3aI-umop pue ‘pa. paylew st uonengdai-dn ‘pjog ur poyurid ore souas JuLLINOAY

10L500°0 eCroL] — TINVOA 926100 9616 — TINVOA

€19L10°0 98869 — €ddDL CCLSE00 6¥50°S — [AHL

L6¥100°0 ¥810°C — CdININ LTSTE00 LOT°ST — cdaon

¥9L100°0 geeTic— dDOH 660200 €0ee'sT — vdING

102€20°0 ICIv'L9— cddon £96500°0 YSL6'9 — dV'T1O4

68L000°0 6vL8'9— ONH 96L100°0 Se6ly— dHINV

ePyS10°0 oy - IVIT10D 629900°0 Yr10°6¢ 7X0S

LLTS000 19LL'8 — dvVID4d 6CSLTI00 YeoLv CHANINS

6690000 0991 — dHINV 905200 LIy 1Ld

8C1200°0 8OLY'S — ONH 1200000 9S06°L1 7X0S 91.900°0 S095°0v — ITINVOA  66L9Y0°0 ClOS'LT DYvdd

9¢Cs00°0 868C'8 — dVIDd 681000 LSTT'L CHININS  LE9TTO0 €98L Y — dDH  96L¥10°0 L998°L1 146N00d

GC100°0 S6LY6— dAANV  ¥6¥920°0 Yi10'8 SAN  ¥Cov10°0 cc09'Ce— vdINE  920900°0 LT60'L ITHOLON

6252000 100LV¢ 7XOS 70000070 S0LE9 INVOIN  L¥1S00°0 PESTL— dVIDd vI8200°0 98L'8 SN

Y1200 19¢v SAN  ¢revl00 1€6°0¢ daxd 6781000 65— ddINV  £60070°0 ¥8S1°S INVOIN

8769000 €6CCYy INVOIN  €12000°0 8686°¢l 9VODLI L¥eLO00 LT9'6C ZX0S €61L00°0 LT9T'LT ITINVOI

8¢€6€00°0 8CLY'S 9VDLI 1€0000°0 So61°L 4949 +08120°0 818Gl DYVdd SE€I910°0 I6vL'6 S1dado

160120°0 0SSOI TINVOIL  £00000°0 6SLTY ¢dSO 918100 €688V INVOIN  £€860£0°0 I8y €dSO

Ly1v€00 6788 SIddD  T9eLE00 8679 INAg  9¢€8¢0°0 1LS6°S 9VODLI 8£€100°0 Y1801 dNAd
ana §  uoypmdal pjoq anpa g uoypnSal plog anppa g uoupNSal plog anpa g uoupnSal pjog

OSWE sS4« WO-OdN!

OSWE $¢ DD-DdN!

OSWE $4 dS-DdN!

OSWG Sa d4-DdN!

SOSIN SASYTA SOJINI 40 SHTIHOdJ NOISSHIIXH HANHD) JAO SISATVNY JAILVIVANOD) “[S 14V ], AYVINHNATIdNS



