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Abstract To investigate the effects of millimeter wave treatment on
the activation of B—catenin in chondrocytes, knee articular cartilages
of four—week—old SD rats were extracted and digested with
mechanical type Il collagens. Cells were identified with toluidine
blue staining and the secondary generation chondrocytes were
cultured for 48 h, and kept hunger for 24 h in serum —free
Dulbecco’s Modified Eagle Media (DMEM), which was then replaced
by 10% FBS DMEM. The cells were randomly divided into control
group, experimental 1 group (receiving millimeter wave signal for 30
minutes), experimental 2 group (receiving millimeter wave signal for
60 minutes) and experimental 3 group (receiving millimeter wave
signal for 120 minutes). Treated with millimeter wave, the secondary
generation chondrocytes were cultured for 24 h, and the cell

function was detected by type II collagen immunohistochemistry, the
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levels of B—catenin, GSK-3B and CKle were detected using RT-
PCR and western blotting. With mechanical and chemical isolation
methods, the well —distributed second generation cells were shown
with purplish red metachromatic granules in cytoplasm, blue nucleus
and surrounding of metachromatic granules, which were primarily
round and oval. Before and after the intervention of the millimeter
wave, for type II collagen immunohistochemistry of all groups,
nucleus appeared colorless with brown—yellow cytoplasm, most of
which were round. After intervention, mRNA expression of 8 —
catenin and CKle in cells of experimental 2 and 3 groups were
significantly higher than the control group (P<0.01), mRNA
expression of S—catenin and CKle in cells of experimental 2 and 3
groups were significantly higher than experimental 1 group (P<0.01),
the protein levels of phosphorylated B—catenin and CKle in cells of
experimental 2 and 3 groups were significantly higher than the
control group (P<0.01), the protein levels of phosphorylated 8-
catenin and CKle in cells of experimental 2 and 3 groups were
significantly higher than experimental 1 group (P<0.01). mRNA
expression of GSK-38 in cells of experimental 2 and 3 groups were
significantly lower than the control group (P<0.0 1), mRNA
expression of GSK-38 in cells of experimental 2 and 3 groups were
lower than experimental 1 group (P<0.05), the protein levels of
phosphorylated GSK =38 in cells of experimental 2 and 3 groups
were significantly lower than the control group (P<0.01), the protein
levels of phosphorylated GSK-38 in cells of experimental 2 and 3
groups were significantly lower than experimental 1 group (P<0.01).
The energy of the millimeter wave can be absorbed by the organism
through resonance. In turn, the energy can be transferred to interfere
with the signal transduction in the organism, dynamically regulate
metabolism, and regulate biological functions of chondrocytes.
Millimeter wave intervention B—catenin activity in chondrocytes may
be improved through effectively regulating the expression and
activation of 8 —catenin, CKle and inhibiting the expression and
activation of GSK-38, promoting synthesis of S-catenin, inhibiting
decomposition, and at the same time, the stable features of
chondrocytes are maintained.
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4 SD 36 ( 1.6.1
, 10 3 ), 2 72 h,PBS ,4%
o SCXK 30 min, 1% 30 min, 1
(- )2007-0005, , , , o
1.4 1.62 |1l
,75% 5 min, 2 ,PBS ,4%
, , (PBS) 3 ,DMEM 30 min, 0.5% H,0, 30 min, 3
3, 1 mm?®, 0.2% 11 ; , 20 min, ; 5 pwg/mL 11
, 37°C , 60 min ,800 1/min, , 4C ,PBS  2min,3
5 min, s 4 . DMEM ( IgG 37C 20 min,PBS 2 min,3
10% , C 50 mg/LL 100 - 30 min,PBS 5
U/mL) ,200 , min,4 ;DAB s s , 5
(2~3)x10°/mlL, ,37°C 5% 200 10 Image—Pro Plus 5.0 11
CO, , 80% ( ) °
, 2 o 1.6.3 RT-PCR B—-catenin GSK-33 CKle mRNA
15
2 1x10%/mL 25 cm? s 2 s Triol
48 h, DMEM 24 h, 10% FBS RNA, 1 wg RNA cDNA, cDNA
DMEM, 4 . . 1 ( 30 RT-PCR B—catenin ,GSK-38.CKle, GAPDH ,
min) . 2 ( 60 min) . 3 Primer 5 ( 1), RT-PCR :94°C
120 min), , 24 h, 11 5 min,94°C 30 s,50°C/50°C/52°C/50°C 30 s,72C 30 s,35
,RT-PCR B—catenin ,GSK-33, ,72°C 10 min,4°C o 1.5%
CKle mRNA s (Western Blot) [B—catenin | s ,B—catenin ,GSK-38 CKle GAPDH
GSK-38.CKle o o
1
Table 1 Experiment-related primers
/bp /C GI
B-catenin S 5'-TCC GCA TGG AGG AGA TAG TTG-3' o = A
A 5'-ACC GAA AGC CGT TTC TTG TAG-3’
CSK-38 S 5'-TAG TCC GAT TGC GGT ATT T-3’ 1 50 14091769
A 5'-CTC CCT TGT TGG TGT TCC T-3'
Tl S 5'-GCC CGC TAT GCC TCT ATC-3’ 0 = 13908845
A 5'-CAC TTC GGA GTC GGT TGG-3'
GAPDE S 5'-TGC TGA GTA TGT CGT GGA G-3' 288 50 e
A 5'-GTC TTC TGA GTG GCA GTG AT-3’
1.6.4 Western Blot B-catenin GSK-3¢,CKle , B—actin o
1.7
2 , , SPSS 13.0 , +
, BCA . 25 wL(( (ws) , F q .
20 pg ) 12% SDS—- ,
PVDF s (48 mmol/LL Tris,39 mmol/L 2
glycine,0.05% SDS(W/V'),5 % methanol (V/V)) 2.1
2~4 h, B—-catenin ,GSK-3B8 ,CKle B-actin , 24 h ,
4°C , 37C 2 h, 10 min,3 ,ECL , ( I(a)), 8d ,
,X ,Fluor—s , « (0 1(b)),
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Fig. 1 Morphology and identification of the chondrocytes (200x )
(a) 24 h;  (b) 8 5 (o) 2 3

(d) 2 3

Notes: Figure (a) is image of primary cells cultured for 24 h; Figure (b) is image of primary cells cultured for 8 days; Figure (c) is the passage 2

chondrocytes after culture for 3 days; Figure (d) is in situ hybridization of the passage 2 cells cultured for 3 days

2 Il (200x )
Fig. 2 Type Il collagen immunohistochemistry in chondrocytes of each group (200x)
(a) , i (b) T, ;0 (c) 2, ;
(d) 3, ;o (e) s ;o (D) 1 30 min ;
(g) 2, 60 min 5 (h) 3, 120 min

Notes: Figure (a) is morphology of the control cells; Figure (b) is morphology of the experimental group 1 cells before the intervention of millimeter
wave; Figure (c) is morphology of the experimental group 2 cells before the intervention of millimeter wave; Figure (d) is morphology of the
experimental group 3 cells before the intervention of millimeter wave; Figure (e) is morphology of the control cells; Figure (f) is morphology of the
experimental group 1 cells after 30 min the intervention of millimeter wave; Figure (g) is morphology of the experimental group 2 cells after 60 min

the intervention of millimeter wave; Figure (h) is morphology of the experimental group 3 cells after 120 min the intervention of millimeter wave.
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Table 2 Comparison of the type Il collagen signal B !
: GSK-38 CKle mRNA
in chondrocytes
Table 3 RT-PCR amplification of B—catenin,
GSK-38 and CKile from treated chondrocytes
10 0.37+0.05 0.38+0.04
1 = DPsbe uils B-catenin mRNA GSK-38 mRNA  CKIs mRNA
2 10 0.400.04 0.390.03 0.58+0.06 0.52+0.07 0.4420.06
i G2y Gty 1 0.660.05 0.480.06 0.460.04
. 2 1.28+0.08"4 0.41+0.0574 0.81+0.084
23 RT-PCR B—catenin ,GSK-33 : : "
1.29+0.09 "4 0.39+0.04 "4 0.77£0.05**
CKle mRNA
s B—catenin . GSK-38 ,CKle mRNA t P<O0L: A | P<0.05; A
« 3, 2 3 [B—catenin | 1 ,P<0.01.
CKle (P=0) 1 (P=0); 2 N Notes: ¥¢, P<0.01 as comparison with control group; A, P<0.05 as
3 GSK-38 (P=0.003, comparison with experimental group 1; A, P<0.01 as comparison
P=0.001) , 1 (P=0.039,P=0.013)( 3), with experimental group 1.
GAPDH , 288 bp
P-catene s 512 bp
GAPDH , 288 bp

GSK-3B ., 512 bp

3 RT-PCR

GAPDH ,288 bp

CKIe , 502 bp

B—catenin (GSK-33  CKle mRNA

Fig. 3 RT-PCR amplification of B—catenin, GSK-33 and CKle from treated chondrocytes

. a s ;b 1,
d 3,

30 min e 2, 60 min 5

120 min

Notes: a is morphology of the control cells; b is morphology of the experimental group 1 cells after 30 min the intervention of millimeter wave;

¢ is morphology of the experimental group 2 cells after 60 min the intervention of millimeter wave;

d is morphology of the experimental group 3 cells after 120 min the intervention of millimeter wave
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4 Western Blot B—catenin, (0.5%10°~3x10" Hz) ,
GSK-38.CKle
Table 4 Western Blot detection of B—catenin, GSK-38 ’
and CKle protein from treated chondrocytes ’
[B—catenin GSK-38 CKle A
0.48+0.06 0.38+0.05 0.17+0.05 Whnt
0.54+0.05 0.37+0.06 0.22+0.04 o
2 0.88+0.0674 0.23+0.0474 0.43+0.0774 s : -
3 0.86+0.084 0.18+0.037%4 0.41+0.0674 — — —
A ,P<0.01; A 1 ,P<0.01. A A ’ ° ’
Notes: Y¢, P<0.01 as compared with the control group; A, P<0.01 as »oN
compared with experimental group 1. , o Wat
R Frizzled B—catenin
GSK-3B8.CKle
a b c d 1518 s B—catenin
S . S [-catenin , 92 kD GSK-38.CKlz ’ B
catenin o
a b c d '
S S s w— GSK-38, 47 kD -1l ; ;
2 ,
[19]0 s
a b c d R ,
—— — — CKl2,42ID ’
I o
a b c d ’
D ’ ’
s Wnt/B-catenin
- , Wnt
, Wnt/B—catenin s
4 Western Blot [B—catenin, B—catenin s TCF/LEF
GSK-38, CKle , (201 [B-catenin
Fig. 4 Western Blot detection of B—catenin, GSK-33 CKle .GSK-38 , ,
and CKle protein from treated chondrocytes B—catenin .CKle, GSK-3B .
ca s ;b 1, 30
min ¢ 2, 60 min 5
d 3, 120 min 4
Notes: a is morphology of the control cells; b is morphology of the ’
experimental group 1 cells after 30 min the intervention of millimeter ; CKlIe .GSK~
wave; ¢ is morphology of the experimental group 2 cells after 60 min the 3B B-catenin , B-
intervention of millimeter wave; d is morphology of the experimental catenin s [B—catenin TCF/LEF
group 3 cells after 120 min the intervention of millimeter wave. s i -
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