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6.4.1 Addition of Bmp7 doesn’t alter ELN expression in P30 Bmp7



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

) and inspiratory time (Ti) (mean ± S.D.) during normoxia in Bmp7
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure 3. 1 μCT representation indicating the position of vertical planes used for μCT and 
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Jeffreys’s amazing statistics program
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Arksey and O’Malley’s













to allow unbiased exploration and reporting on a broader research topic. Arksey and O’Malley’s 
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words representing the concepts “nasal cartilage" and “biological or physical properties”.  No 

interrater agreement was established using Cohen’s kappa. The inclusion and exclusion criteria 
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questions, with yes/no/don’t know answers. PS
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responded questions or don’t know questions were excluded from the calculation as suggested by 
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with palatine bone. Dolphin “digitalize/measure” tool was

hen the ratio was ≥ 1.05, corresponding 
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marked with ‘turbinates fused with septum’ and considered hypertrophic. 
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considered hypertrophic when the ratio was ≥80%, meaning ≥80% of the nasal cavity was 
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established power of π = 0.8 as adequate for our tests, an appropriate power (π = 1.00) was 



With respect to objective assessments, these associations weren’t statistically significant. 





using Person’s r correlation coefficient indicated a positive correlation between age and subjective 
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previous literature, it wasn’t full



Mice heads (n=3/age) were scanned using MILabs μCT (Milabs, Utrecht, Netherlands) at 

were reconstructed from 3600 individual projections at a voxel size of 25μm and analyzed using 





μCT representation indicating the position of vertical planes used for μCT and 

B) isosurface representation of a μCT scan of an adult mouse indicating (C) anterior (red), (E) 









Landmark based quantitative analysis was conducted on μCT scans of mice ages PN0, 7, 14, 21, 



















isosurface rendering of a μCT scan of an adult mouse indicating growth of immature chondrocytes, 
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, although later timepoints weren’t analyzed. The same study also 
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MILabs μCT

exposure time = 75ms. Scans were reconstructed at a voxel size of 25μm. The µCT

V̇ V̇



were placed in a 100 mL or 200mL volume chamber, depending on the mouse’s body 

– –

V̇

V̇



V̇

V̇ – – – –

V̇

not followed by apnea, or accompanied by one apnea; and 2) sighs followed by ≥ 2 apneas, 

' V̇ V̇



–

™ kit) with a reverse



mice were identified via a unpaired Student’s t

tailed independent unpaired Student’s t



V̇ V̇ V̇ V̇





μ



3.58E-06

2.44E-05)

1.18E-06  snout angle (Figure 4.2G-H), 

frontal bossing angle (Figure 4.2G-H), nasal depression angle (Figure 4.2G-H) along with nasal 

width (Figure 4.2I-J) and length (Figure 4.2I-J) are a reflection of the significantly more acute 

angled snout (p=1.43E-05), depressed nasal bones (p=3.21E-07), and increased frontal bossing 

(p=4.84E-06) in 1-month old Bmp7ncko mice. Additionally, the length (p=3.80E-03), but not the 

width, of the nasal bones was significantly reduced. Overall, these findings are consistent with 

features of midfacial hypoplasia and reduced upper airway space. 







In addition to changes to cranial base length and angle, two other craniofacial differences 

are commonly observed in children with midfacial hypoplasia and upper airway obstruction: nasal 

septum deviation and turbinate hypertrophy . To characterize potential changes to nasal septum 

and turbinates, frontal (blue lines, Figure 4.3) and axial (orange dotted lines, Figure 4.3) planes 

were identified from  of P14 and P30 mice skulls. The nasal septum (pink arrows, Figure 

4.3) in P14 Bmp7ctrl (Figure 4.3A-C) and Bmp7ncko mice (Figure 4.3D-F) showed no obvious 

differences on both frontal and axial planes. However, Bmp7ncko mice showed reduced turbinate 

branching (yellow arrows) and their turbinates appeared larger (Figure 4.3F). At P30, all Bmp7ncko 

mice had developed nasal septum deviation (pink arrows) (Figure 4.3J-O) when compared to 

controls (Figure 4.3G-I). The extent, shape, direction and location, as well as the degree of 

deviation was variable (Figure 4.3K, N). Turbinate development appeared disturbed. Reduced 

branching and ossification as well as slight swelling of turbinate soft tissue were apparent 

bilaterally at P14. This swelling and reduced turbinate branching was even more noticeable at P30 

(Figure 4.3I, L, O). Both nasal septum deviation and turbinate swelling can impede airflow in the 

nasal cavity, thus potentially exacerbating any other physical airway obstruction. 
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4.4.3 

 in Bmp7ncko mice

. Short respiratory disruptions following a sigh ( ≤ 1 



ts (≥2 apneas following a sigh, as shown in 

neas (D) and % of sighs with ≥ 2 apneas (E) in the three 



V̇

V̇

V̇ V̇



V̇
V̇ V̇ V̇



V̇ V̇ V̇

V̇

V̇ V̇

V̇ V̇

V̇

V̇ V̇ V̇ V̇



6B). Quantification of ΔO

demonstrated a significant reduction in ΔO





SRBD/OSA rodent models with ‘naturally occurring’ airway obstruction, such as the Zucker 
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post sigh apneas (PSA) / total number of sighs with < 2 PSA or ≥ 2 PSA apneas. There was no 









) and inspiratory time (Ti) (mean ± S.D.) during normoxia in Bmp7
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P

P
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d d

lysis in buffer containing 1% SDS, in 200 mM HEPES (pH 8.0) and cOmplete™ Protease Inhibitor 



adjusted to 6.0 with HCl. To label peptide α and ε

nLC (nanoflow liquid chromatography) 1200 system. Tryptic peptides (2 μg) were loaded onto a 

C18 column (75 μm × 2 cm; Acclaim PepMap 100, P/N 164946;

of 2 μL/min of solvent A (0.1% formic acid and 3% acetonitrile in LC
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1A’





(A) μCT reconstruction of P30 mouse skull demonstrating the location of 

(A’, D), P14 (B, E), and P30 (C, F) Bmp7LacZ reporter mice. Neural crest cells in the nasal septum of P0 

nuclei (gray). Scale bar=50μm. 3D frontal view of P30 Bmp7





stain/signal. Scale bar (histological stains) = 20μm and (Immunos) = 













Arrows denoting positive antibody signal. Scale bar = 50μm.





signal. Scale bar = 50μm.











50μm.







positive antibody signal. Scale bar = 50μm.
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. However, this model doesn’t explain when and how 



μ
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, we didn’t add ITS to the chondrogenic media and assessed its function in 







Addition of Bmp7 doesn’t 

nasal chondrocytes in chondrogenic media didn’t show any SAF 

















from older mice don’t retain this ability and are fixed in their developmental potential. 

















growth resulting in midfacial hypoplasia as demonstrated in Chapter 5 support Scott’s the

other as well as other genes under physiological and pathological conditions isn’t clear. Two 





when using the term ‘chondrocyte hypertrophy’ 

. Literally, the term ‘hypertrophy’ 
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