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ABSTRACT Objective: To explore the effect of ubiquitin-specific protease 42 ( USP42) on osteogenic
differentiation of human adipose-derived stem cells (hASCs) in vivo and in vitro. Methods; A combina-
tion of experiments was carried out with genetic depletion of USPA2 using a lentiviral strategy. Alkaline
phosphatase ( ALP) staining and quantification, alizarin red S ( ARS) staining and quantification were
used to determine the osteogenic differentiation ability of hASCs under osteogenic induction between the
experimental group ( knockdown group and overexpression group) and the control group. Quantitative re-
verse transcription PCR (qRT-PCR) was used to detect the expression levels of osteogenesis related genes
in the experimental group and control group, and Western blotting was used to detect the expression
levels of osteogenesis related proteins in the experimental group and control group. Nude mice ectopic im-
plantation experiment was used to evaluate the effect of USP42 on the osteogenic differentiation of hASCs
in vivo. Results; The mRNA and protein expressions of USP42 in knockdown group were significantly
lower than those in control group, and those in overexpression group were significantly higher than those
in control group. After 7 days of osteogenic induction, the ALP activity in the knockdown group was sig-
nificantly higher than that in the control group, and ALP activity in overexpression group was significantly
lower than that in control group. After 14 days of osteogenic induction, ARS staining was significantly
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deeper in the knockdown group than in the control group, and significantly lighter in overexpression group
than in the control group. The results of qRT-PCR showed that the mRNA expression levels of ALP, os-
terix (0SX) and collagen type I (COL ] ) in the knockdown group were significantly higher than those
in the control group after 14 days of osteogenic induction, and those in overexpression group were signifi-
cantly lower than those in control group. The results of Western blotting showed that the expression levels
of runt-related transcription factor 2 (RUNX2) , OSX and COL | in the knockout group were significant-
ly higher than those in the control group at 14 days after osteogenic induction, while the expression levels
of RUNX2, OSX and COL [ in the overexpression group were significantly lower than those in the control
group. Hematoxylin-eosin staining of subcutaneous grafts in nude mice showed that the percentage of
osteoid area in the knockdown group was significantly higher than that in the control group. Conclusion
Knockdown of USP42 can significantly promote the osteogenic differentiation of hASCs in vitro and in vi-
vo, and overexpression of USP42 significantly inhibits in vivo osteogenic differentiation of hASCs, and

USP42 can provide a potential therapeutic target for bone tissue engineering.
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Table 1 Sequences of experimentally relevant qRT-PCR primers

Gene Forward primer (5’ to 3") Reverse primer (5 to 3")
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
USP42 AATCTTCAGACCCATCAGCCT AGAACCTGCATCCATGTCTCC
ALP ATGGGATGGGTGTCTCCACA CCACGAAGGGGAACTTGTC
0SX CCTCTGCGGGACTCAACAAC TAAAGGGGGCTGGATAAGCAT
CoL | TGGTCCCAAGGGTAACAGCG AACACCAACAGGGCCAGGCT

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; USP42, ubiquitin-specific protease 42; ALP, alkaline phosphatase; OSX, osterix; COL [ ,

collagen type 1.
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shNC, short hairpin RNA normal control; shUSP42, short hairpin RNA ubiquitin-specific protease 42 ; hASCs, human adipose-derived stem cells.
1 IR (shUSP42-1 [ shUSP42-2) FIXJ B ZH (shNC) #fi BEFE e 72 h J5 hASCs FREag B 5OLHE H I FRIBI I

Figure 1 Expression of green fluorescent protein in hASCs after 72 h transfection with lentivirus in knockdown group
(shUSP42-1, shUSP42-2) and control group (shNC)
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WT-USP42 , wildtype ubiquitin-specific protease 42 ; hASCs, human adi-

pose-derived stem cells.
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Figure 2 Expression of green fluorescent protein in hASCs after

72 h transfection with lentivirus in overexpression
group (WT-USP42) and control group ( Vector)
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USP42, ubiquitin-specific protease 42; shNC, short hairpin RNA normal control; shUSP42 | short hairpin RNA USP42; GAP, glyceraldehyde-3-phos-

phate; qRT-PCR, quantitative reverse transcription PCR.

B3 gRT-PCR AU [ 6B EE S B AR I USPA2 A sAIRACR
Figure 3  Detection of knockdown efficiency of USP42 by qRT-PCR and Western blotting
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USP42, ubiquitin-specific protease 42; WT-USP42, wildtype USP42; GAP, glyceraldehyde-3-phosphate; qRT-PCR, quantitative reverse transcription PCR.
4 qRT-PCR HIEE [ S BN SE A USPA2 13 ik sk e
Figure 4 Detection of overexpression efficiency of USP42 by qRT-PCR and Western blotting
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shNC, short hairpin RNA normal control ; USP42 , ubiquitin-specific pro-
tease 42; shUSP42, short hairpin RNA USP42; PM, proliferation
medium; OM, osteogenic medium; ALP, alkaline phosphatase; hASCs,
human adipose-derived stem cells.
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Figure 5 ALP staining and quantification of activity at 7 days of
osteogenic induction after USP42 knockdown by hASCs
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shNC, short hairpin RNA normal control; USP42 , ubiquitin-specific pro-
tease 42; shUSP42, short hairpin RNA USP42; PM, proliferation
medium; OM, osteogenic medium; ARS, alizarin red S; hASCs, human
adipose-derived stem cells.
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Figure 6 ARS staining and quantification at 14 days of osteogenic
induction after USP42 knockdown by hASCs
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PM, proliferation medium; OM, osteogenic medium; shNC, short hairpin
RNA normal control; USP42, ubiquitin-specific protease 42; shUSP42,
short hairpin RNA USP42; ALP, alkaline phosphatase; OSX, osterix;
COL T , collagen type I ; hASCs, human adipose-derived stem cells.
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Figure 7 mRNA expression levels of ALP, OSX, and COL [ at
14 days of osteogenic induction after USP42 knockdown by hASCs
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shNC, short hairpin RNA normal control; USP42, ubiquitin-specific protease 42; shUSP42, short hairpin RNA USP42; RUNX2, runt-related tran-
scription factor 2; GAP, glyceraldehyde-3-phosphate; COL [ , collagen type I ; OSX, osterix; hASCs, human adipose-derived stem cells.

8 hASCs piffk USP42

JE B S 14 d B RUNX2 ,0SX il COL T {2 [ kK E

Figure 8 Protein expression levels of RUNX2, OSX, and COL [ at 14 days of osteogenic induction after USP42 knockdown by hASCs
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USP42 | ubiquitin-specific protease 42; WT-USP42, wildtype USP42;
PM, proliferation medium; OM, osteogenic medium; ALP, alkaline
phosphatase; hASCs, human adipose-derived stem cells.

B9 hASCs i ik USPA2 [ 55 7 d I ALP Je (8 R Me &

Figure 9 ALP staining and quantification of activity at 7 d of
osteogenic induction after hASCs overexpression of USP42
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USP42, ubiquitin-specific protease 42; WT-USP42, wildtype USP42;
PM, proliferation medium; OM, osteogenic medium; ARS, alizarin red
S; hASCs, human adipose-derived stem cells.
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Figure 10 ARS staining and quantification at 14 d of osteogenic
induction after hASCs overexpression of USP42
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USP42, ubiquitin-specific protease 42; WT-USP42, wildtype USP42;
PM, proliferation medium; OM, osteogenic medium; ALP, alkaline
phosphatase; OSX, osterix; COL | , collagen type [ ; hASCs, human
adipose-derived stem cells.
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OSX #1 COL I iy mRNA ik /K-

Figure 11 mRNA expression levels of ALP, OSX, and COL |
at 14 d of osteogenic induction after hASCs overexpression of USP42
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Figure 13 Hematoxylin-eosin staining ( X200) and bone morphometrics analysis
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