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Figure legends 

Figure 1. Characterization of hiPS-Cart and its implantation into bone defects in the 

femur. 

(A) Appearance of 3 hiPS-Cart. Scale bar, 5 mm. 

(B) Semi-serial histological sections of hiPS-Cart were stained with Safranin O or 

immunostained with antibodies that recognize the indicated proteins. As a control for 

the immunohistochemical staining, staining of the semi-serial sections of the 

proximal tibia of mouse 7 days after birth is shown in the bottom panels. Scale bars: 

100 ��m. 

(C) Real-time RT-PCR expression analysis of chondrocytic markers in hiPS-Cart cultured 

for different periods. Data are presented with 95% C.I. error bars (n = 4). *P < 0.05, 

**P < 0.01, ***P < 0.001 and ****P < 0.0001 by Tukey's multiple comparisons test. 

(D) Implantation of hiPS-Cart. After fixing a metal plate onto the femur, a defect of 3.5 

mm was created. hiPS-Cart (top row) or nothing (bottom row) was implanted into the 
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defect and fixed to the metal plate with 5-0 nylon thread. Left, images after 

implantation. Middle, femur, metal plate, and screws are indicated by yellow lines. 

The images are otherwise the same as those on the left. Right, X-ray images 

immediately after the surgery, lateral view. Scale bars, 1 mm. All images were taken 

immediately after the surgery.  

 

Figure 2. New bone formation after implantation of hiPS-Cart into femoral bone defects. 

(A) X-ray images of a femur at the indicated periods after implantation (Post Op). Lateral 

view. 

(B) Length of newly formed bones in the X-ray images. Each circle denotes one mouse.  

(C) Three-dimensional reconstructed micro-CT images of the femur at 28 weeks after 

implantation. Newly formed bones are indicated as yellow. Lateral view. 

(D) Tissue volume of the newly formed bone in the micro-CT images. Each circle denotes 

one mouse.  

(E) Histological sections of femur at 28 weeks were stained with Safranin O. 

(F) Safranin O-positive areas in (E) were measured.  

Data are presented with 95% C.I. error bars. *P < 0.05, **P < 0.01, ***P < 0.001 and 

****P < 0.0001 by Tukey's multiple comparisons test. Scale bars, 1 mm. 

 

Figure 3. Micro-CT and histological analysis of newly formed bone at 4, 8 and 16 weeks 

(for hiPS-Cart-10w) and 4, 8, 16 and 28 weeks (for hiPS-Cart-17w) after implantation.  

(A) Length in X-ray images and tissue volume in micro-CT images of newly formed bone. 

Each circle denotes one mouse. Data are presented with 95% C.I. error bars. *P < 

0.05 and ***P < 0.001 by Tukey's multiple comparisons test. 
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(B) Three-dimensional reconstructed micro-CT images, two-dimensional micro-CT 

images and corresponding hematoxylin-eosin (HE) stained histological sections of 

the implanted sites are shown. #1 and #2 indicate different mice. Scale bars, 1 mm. 

 

Figure 4. Histological analysis of implanted sites harvested four weeks after implantation 

of hiPS-Cart-10w (A,B) and hiPS-Cart-17w (C). 

(A) Top row, A three-dimensional reconstructed micro-CT image (lateral view) and two-

dimensional micro-CT image (sagittal) are shown. Second row, Semi-serial 

histological sections corresponding to the micro-CT image in the top row were 

stained with hematoxylin-eosin (HE) or immunostained with antibodies that 

recognize the indicated proteins. Magnifications of the blue-boxed regions are shown 

in the third row. Magnification of the green-boxed region in the left panel in the 

second row is shown in the bottom row, in which immunostained semi-serial sections 

are also included. HNA, human nuclear antigen.  

(B) Percentage of HNA-positive cells per total cells in a field of view in the cartilage 

canal. vEC, vascular endothelial cell. FC, fibrous cell. Each dot denotes one field of 

view. Data are presented with 95% C.I. error bars. 

(C) Top row, A three-dimensional reconstructed micro-CT image (lateral view), two-

dimensional micro-CT image (sagittal) and semi-serial histological sections 

corresponding to the micro-CT images stained with hematoxylin-eosin (HE) or 

immunostained with antibodies that recognize COL10. Bottom row, Magnifications 

of the boxed regions, respectively. 

Scale bars, 100 ��m. 
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Figure 5. Origin of cells composing new bone formed through a SOC-EO-like process. 

(A) Top row, A three-dimensional reconstructed micro-CT image (frontal view), two-

dimensional micro-CT image (coronal) and corresponding hematoxylin-eosin (HE) 

stained histological section (coronal) of newly formed bone 16 weeks after the 

implantation of hiPS-Cart-17w. The magnified image of the blue-boxed region is 

shown in the second row and that of the green-colored box in the third row. Semi-

serial histological sections were immunostained with antibodies that recognize 

human nuclear antigen (HNA) or TRAP. Scale bars 100 ��m.  

(B) Percentage of HNA-positive cells per total cells in a field of view in newly formed 

bone. Each dot denotes one field of view. Data are presented with 95% C.I. error bars.  

 

Figure 6. Membranous ossification at the periphery of hiPS-Cart. 

(A) Top row, A three-dimensional reconstructed micro-CT image (lateral view), two-

dimensional micro-CT image (sagittal) and corresponding hematoxylin-eosin (HE) 

stained histological section (sagittal) of newly formed bone at 16 weeks after the 

implantation of hiPS-Cart-17w are shown. The magnified images of the boxed 

regions in the top and second rows are shown in the second and bottom rows, 

respectively. Semi-serial histological sections were immunostained with antibodies 

that recognize COL1, COL10 or human nuclear antigen (HNA) or stained with TRAP.  

(B) A two-dimensional micro-CT image (axial) at the position indicated by the red lines 

in (A). 

(C) Percentage of HNA-positive cells per total cells in a field of view in newly formed 

bone. Each dot denotes one field of view. Data are presented with 95% C.I. error bars.  

Scale bars 100 ��m. 
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Figure 7. Union of newly formed bone and mouse bone. 

Top row, A three-dimensional reconstructed micro-CT image (lateral view), two-

dimensional micro-CT image (sagittal) and corresponding hematoxylin-eosin (HE) 

stained histological section (sagittal) of newly formed bone at 16 weeks after the 

implantation of hiPS-Cart-10w. The magnified images of the blue-boxed regions in the 

histological section are shown in the middle row. Semi-serial histological sections were 

immunostained with antibodies that recognize COL1 or human nuclear antigen (HNA). 

In the right panel in the second row, the solid red lines denote the edge of bony matrix. 

We arbitrarily drew the red dotted line to indicate the border between the HNA-positive 

area and HNA-negative area. Bottom row, A semi-serial section was stained with 

picrosirius red and analyzed by polarized microscopy. The red-boxed region corresponds 

to the blue-boxed region above. Its magnification is shown to the right. Scale bars 100 

��m. 


















