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[Abstract] Objective To investigate the effect of casein kinase 2 interacting protein-1 (CKIP-1) on craniofacial
soft tissues and hard tissues, to provide the basis for the study and treatment of craniomaxillofacial related diseases.
Methods 6-month- old male CKIP-1 knockout (KO) mice were selected as the experimental group, and wild-type
(WT) mice were selected as the control group. The craniomaxillofacial hard tissues (parietal bone, nasal bone, incisors
and molars) were analyzed through micro- CT, and the morphological changes of maxillofacial soft tissues (nasal carti-
lage, lip mucosa and tongue) were analyzed through HE staining and toluidine blue staining. Results CKIP-1 negative-
ly regulated bone mass of cancellous bone of cranial and maxillofacial bones and dentin mineralization. Compared with
the WT mice, the thickness of the parietal baffle layer increased by 93% in KO mice, while cortical bone showed no sig-
nificant difference between the two groups. The nasal cancellous bone thickness increased by 160% in KO-mice, while
cortical bone showed no significant difference between the two groups; the enamel thickness was normal, but the pulp

cavity became smaller and the dentin thickness increased by 48%. Compared with the WT mice, the HE staining and to-
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luidine blue staining analyses of the soft tissues revealed that the thickness of the alar cartilage plate of KO mice in-
creased by 57%, and local ossification was found within the cartilage plate. The thickness of the keratinized layer of the
labial mucosa increased by 170% in KO mice and the muscle fiber diameter of the lingual muscle increased by 45%.
Conclusion CKIP-1 genes have different effects on the growth and development of various soft and hard tissues in the
maxillofacial region of mice.

[Key words] casein kinase 2 interacting protein 1; craniofacial tissue; growth and development; gene knockout
mice; cortical bone; cancellous bone; cartilage; animal phenotype observation; histological analysis
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a: Micro-CT of the parietal bone in KO mice; b: Micro-CT of the parietal bone in WT mice; ¢: Micro-CT of the internal parietal plate in KO

mice; d: Micro-CT of the internal parietal plate in WT mice; e: Micro-CT of the internal parietal plate in KO mice; f: Micro-CT of the in-

ternal parietal plate in WT mice. g: statistical chart of cancellous bone thickness of the parietal bone (Th.Th) (n = 6, ¢t = 13.54, P <

0.01). Red arrow: cortical bone (inside); yellow arrow: cortical bone (outside); blue arrow: trabecular bone; **: P < 0.01
Figure 1  Micro-CT of parietal bones in KO and WT mice
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a: Micro-CT of the nasal bone in KO mice; b: Micro-CT of the nasal bone in WT mice; c¢: Micro-CT of the nasal bone in KO mice, the yellow ar-

row indicates cancellous bone; d: Micro-CT of the nasal bone in WT mice, the yellow arrow indicates cancellous bone; e: statistical chart of can-

cellous bone thickness of the nasal bone (Th.Th) (n =6, t = 10.39, P < 0.01); f: statistical chart of cortical bone thickness of the nasal bone (cor-

tical bonethickness, Ct.Th); the yellow arrows in figures ¢ and d indicate cancellous bone
Figure 2 Micro-CT of nasal bones in KO and WT mice
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a: Micro-CT of incisors in KO mice (vertical sec-
tion); b: Micro-CT of incisors in WT mice (vertical
section); ¢: Micro-CT of incisors in KO mice (cross
section); d: Micro-CT of incisors in WT mice (cross
section); e: Micro-CT of odontoprisis in KO mice;
f: Micro-CT of odontoprisis in WT mice; g: thick-
ness of dentin; h: thickness of enamel; i: average
bone mineralization density (BMD); red arrow: enam-
el; yellow arrow: dentin; blue arrow: pulp cavity;
**: P <0.01

Figure 3 Micro-CT of incisors and molars

in KO and WT mice
B3 KO 5 WT/NE I S 25 Micro-CT

Thickness of enamel (mm )

F1 KOS5 WT/NRYI AR A LA

Table 1 Comparison of incisor and molar morphology between KO and WT mice

Incisors Molars
Groups Crown length (mm ) Root length (mm) Crown root ratio (%)  Crown length(mm)  Root length (mm)  Crown root ratio (%)
KO 326 +0.14 7.15 £0.28 45.67 £ 3.6 0.78 + 0.05 1.27 +0.19 61.83 + 8.75
wWT 3.20 + 0.08 7.19 £ 0.28 4459 £ 2.6 0.75 +0.11 1.27 +0.12 59.80 + 13.81
l -1.684 0.439 -1.325 -1.859 0 -0.693
P 0.104 0.663 0.196 0.073 1 0.495

o~
n
o
L
<
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=

;:: C % ' &

a: HE staining of nasal alar cartilage in KO mice (X 200); b: HE staining of nasal alar cartilage in WT mice (x 200); ¢: toluidine blue staining
of nasallalar cariilage in KO mice (< 200)d: toluidine blus stining of nasallalac cartilage in Wil mice (< 200 e lsiatistical' Ghar of nasall cars
tilage thickness (n = 6, ¢ = 15.36, P < 0.01). The yellow dotted line area in the figure a&b is the mouse nasal alar cartilage plate; **: P < 0.01
Figure 4 HE staining and toluidine blue staining of nasal cartilage in KO and WT mice
B4 KO-5 WT/MlSHH HE Je (0 5 B RIS e
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Thickness of thickened

a: HE staining of mucosae in KO mice (X

200), the red area is the keratinized layer

= _é_ of mucosa, and the arrow marks the keratin-
%40 ized nail process; b: HE staining of muco-
g sae in WT mice (X 200), the red area is the
'4520 = keratinized layer of mucosa, and the arrow
3 0 marks the keratinized nail process; c: statis-

=
=

KOQ

tical chart of thickness of the thickened cu-
ticular layer (n = 6, P < 0.01); d: HE stain-
ing of mucosae in KO mice (X400), and the arrow marks the vacuole of
the virus; e: HE staining of mucosae in WT mice (X 400); **: P < 0.01

Figure 5 HE staining of lip mucosa in KO and WT mice
ES5 KOS5 WT/MNSUBRHIEE HE 4L (2

a: HE staining of lingual muscle in KO mice (X 100); b: HE staining
of lingual muscle in WT mice (X 100); c¢: HE staining of lingual
muscle in KO mice (X200); d: HE staining of lingual muscle in WT
mice (X 200); e: statistical chart of thickness of lingual muscle fiber
(n=6,t=12.2, P <0.01); **: P <0.01

Figure 6 HE staining of tongue muscle in KO and WT mice
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