
arrowheads).  Immunofluorescence for fibrin confirms markedly less fibrin in the fracture site in Plg-/- FbgLow 850 
mice (red stain, fibrin, with DAPI-blue counterstain). White dotted line denotes border of the femur and fracture 851 
callus. Scale bars= 1mm, n≥5 for each genotype. 852 
 853 
 854 
Figure 9: 855 
Fibrinogen knockdown rescues impaired callus formation and revascularization. 856 
(A) Representative histological sections of femoral fracture sites from Plg-/- mice treated with control antisense 857 
oligonucleotide as a control and Plg-/- mice (Plg-/- control; n=5) treated with an antisense oligonucleotide 858 
against fibrinogen (Plg-/- FbgLow; n=10) 14 days post-fracture (14-DPF) stained with Safranin-O, by 859 
immunofluorescence for fibrin, and by immunohistochemistry for CD31. Whereas the fracture callus of 860 
Plg-/- mice is somewhat disorganized, with multiple foci of chondroid soft tissue callus (Safranin-O, yellow 861 
asterisks), the callus in Plg-/- FbgLow mice is more organized with a central soft tissue callus bordered proximally 862 
and distally by hard callus.  There is markedly reduced fibrin deposition in the fracture callus of Plg-/- FbgLow 863 
mice compared to Plg-/- control mice (yellow arrows); (white box denotes area shown for CD31 staining). CD31 864 
highlights numerous CD31-positive cells lining blood vessels in the hard tissue callus of Plg-/- FbgLow mice (red 865 
arrowheads), with fewer vessels in Plg-/- mice (black asterisks denote areas of soft tissue callus in fracture 866 
gap). Scale bars, 1-mm.  Statistical comparison (Student’s T-test) of (B) fibrin deposition at fracture site, (C) 867 
number of CD31-positive vessels in the callus (left) and total area of CD31-positive vessels (right). n≥5 for 868 
each group, 4 sections in each sample were averaged to constitute 1n.  ** P<0.01 * P<0.05, Error bars = SEM. 869 
 870 
 871 
Figure 10: 872 
Fibrin is deposited at the interface between avascular soft tissue callus and vascularized hard tissue 873 
callus. 874 
Histological evaluation of the fracture callus of Plg-/- mice 14-DPF discloses angiogram contrast-perfused blood 875 
vessels (Safranin-O, yellow arrow) at the interface of the soft tissue callus (asterisks) and hard tissue callus 876 
(sharps).  Immunohistochemical stains for CD31(brown staining) highlights thin-walled blood vessels filled with 877 
angiogram contrast material (CD31, yellow arrows) at the interface of soft and hard tissue callus.  878 
Immunohistochemistry also identifies fibrin (brown staining) at this interface surrounding angiogram contrast-879 
perfused blood vessels (Fibrin, yellow arrows).  Immunohistochemistry slides were counterstained with 880 
hematoxylin.  Scale bars, 50-µm (left column); 20-µm (right column). Representative of n=5. 881 
 882 
 883 
Table 1: 884 
Histomorphometry and radiographic analysis at 14- and 42-DPF in WT, Fbg-/-, Plg-/- and Plg-/-FbgLow mice. Soft 885 
tissue callus area at 14- and 42-DPF was analyzed using Safranin-O staining sections. X-ray grading was 886 
determined using lateral radiographs. Heterotopic ossification area was analyzed using 42-DPF radiographs. 887 
Cortical bridging analysis was examined using 2-dimensional µCT images. A One-Way ANOVA test was used 888 
for the comparisons of soft tissue callus formation, x-ray grading and heterotopic ossification area. Fisher’s 889 
exact test was used for the comparison about cortical bridging rate. Values represent mean± Standard 890 
Deviation. *** P<0.001, ** P<0.01, * P<0.05. Sample number used in each group is shown in the table. 891 
 892 
Table 2: 893 
Bone properties of fractured femur at 42 days post fracture were analyzed using the Scanco microCT software. 894 
Polar moment of inertia (pMOI), trabecular tissue mineral density (Tb. TMD), bone volume, bone area and 895 
anisotropy were analyzed. A One-Way ANOVA test was used for this comparison. Values represent mean± 896 
Standard Deviation. *** P<0.001, ** P<0.01 * P<0.05, ns= not significant; one way ANOVA. Sample number 897 
used in each group is indicated in the table. 898 
 899 
  900 
Supplemental Figure 1:   901 
Temporal and spatial deposition and removal of fibrin during fracture repair.  902 
Displaced transverse femur fractures we examine by radiography, Safranin-O, angiography, and fibrin-903 
immunofluorescence microscopy. One day post fracture (1-DPF) the cortex is disrupted (yellow arrow-904 
radiographs and Safranin-O) with a concomitant disruption of the vasculature resulting in an avascular 905 



segment of bone proximal and distal to the fracture site (angiogram). Fibrin is observed in abundance both 906 
within the intramedullary space and soft tissues adjacent to the fracture site (Fibrin).  By 10-DPF, an avascular 907 
soft-tissue callus forms directly around the fracture site (Safranin-O and angiogram) and a hard-tissue callus 908 
initiates at the proximal and distal aspects of the soft tissue callus (blue arrowheads - radiographs).  Note that 909 
during this early stage of fracture healing there is a marked reduction in fibrin deposition in the soft-tissues 910 
surrounding the fracture site (Fibrin), while intramedullary fibrin persists (10-DPF).  As the endochondral-911 
mediated vascularization (angiogram) and associated hard-tissue callus (radiographs) replaces the soft-tissue 912 
callus  (14-DPF), fibrin is notably absent from the fracture callus and intramedullary space (Fibrin). White box 913 
denotes area of 20x fibrin. Scale bars = 1-mm. Representative of n≥3 for each analysis.  914 
 915 
Supplemental Figure 2:   916 
Predicted torsional strength and rigidity of hard tissue callus by µCT-derived finite element analysis.  917 
Using a computational method sensitive to the contribution of structure to stiffness and strength of an object, 918 
predicted callus strength and rigidity did not significantly (Mann-Whitney T-test) differ between WT and 919 
Fbg-/- mice. Error bars = SD, n=7 per genotype. 920 
 921 
Supplemental Figure 3:  922 
Antisense Oligonucleotide Knock down of Fibrinogen in Plasma. 923 
To ensure knockdown of fibrinogen in Plg-/- mice prior to fracture we conducted a pilot study. Plg-/- mice were 924 
treated with fibrinogen ASO for 2 weeks and then sacrificed. mRNA data demonstrates a dose dependent 925 
knock down of fibrinogen (Top) ** P<0.01 by Mann-Whitney T-test. Values shown are relative to control. 926 
Reduction in circulating fibrinogen was confirmed by ELISA (bottom). Note that Plg-/- mice administered 927 
100mg/kg per week (mpk/wk) fibrinogen ASO had no detectable circulating fibrinogen.  Error bars = SEM  928 
 929 
Supplemental Figure 4:   930 
Radiographic Assessment of Fracture Repair  931 
Quantification of fracture repair using a radiographic scoring method. Note no significant differences in the 932 
radiographic scoring between WT and Fbg-/- mice whereas the data reveal significant impairment of fracture 933 
repair in Plg-/- mice. Reduction of fibrinogen in Plg-/- mice (Plg-/-Fbglow) partially rescued Plg-/- induced deficits in 934 
fracture repair. Additionally, note no difference in fracture repair between Plg-/- and Plg-/-control mice.  935 
Fracture repair scores were determined from serial radiographs (see Methods) form WT (n=15), Fbg-/- (n=10), 936 
Plg-/- (n=15) Plg-/-control (n=5) and Plg-/-FbgLow (n=13) mice were recorded weekly.  Data displayed represent 937 
the mean ± SD. Statistical significance was determined using a two-way ANOVA. (*** = P<0.001 Plg-/- Fbglow 938 
compared to Plg-/- mice; ††† = P<0 .001 Plg-/- Fbglow compared to WT mice, §§§ = P<0 .001 Plg-/- mice compared 939 
to WT mice).  940 
  941 

http://www.graphpad.com/guides/prism/6/statistics/how_the_mann-whitney_test_works.htm
http://www.graphpad.com/guides/prism/6/statistics/how_the_mann-whitney_test_works.htm
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