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Expression of tissue transgiutaminase 2 in differentiation of nasal mucosal mesenchymal stem cells

Lu Demin, Shi Wentao, Lu Hao, Bi Shiqgi, Yang Kaiyuan, Cui Xuewen, Zhang Zhijian (School of Medicine, Jiangsu University, Zhenjiang
212000, Jiangsu Province, China)

Abstract

BACKGROUND: Ectodermal mesenchymal stem cells can differentiate into other types of cells in a specific external environment. The
expression of some specific proteins during differentiation may directly affect the direction of their fate.

OBJECTIVE: To investigate the expression of tissue transgiutaminase 2 in rat nasal mucosal mesenchymal stem cells during osteoblast
differentiation and neuron-like differentiation.

METHODS: Rat nasal mucosal mesenchymal stem cells were isolated and cultured by tissue adherence method, and differentiated into
neuroblast-like cells and osteoblasts. Immunofluorescence was used to detect the expression of neuro-related proteins GAP-43, TUBB3 and
bone-associated proteins OCN and COLI at different time points. Western blot assay was used to detect neuro-related proteins GAP-43,
TUBBS3, bone-associated protein OCN and COLI, neurotrophic factor NT-3, BDNF, extracellular matrix FN, LN, and tissue transgiutaminase 2.
RESULTS AND CONCLUSION: (1) After 3 days of neurogenic induction, immunofluorescence showed that GAP-43 and TUBB3 expressed
positively. At 7 days after osteogenic induction, COLI and OCN were positive under immunofluorescence staining. (2) At 3, 5, 7 days after
neurogenic induction, the expression levels of nerve cell-associated proteins GAP-43, TUBB3 and tissue transgiutaminase 2 were increased
with time detected by western blot assay. At 7 and 14 days after osteogenic induction, the levels of osteoblast-associated proteins COLI, OCN
and tissue transgiutaminase 2 were increased with time. (3) At 7 days after neurogenic induction, western blot assay showed that the levels of
NT-3, BDNF and tissue transgiutaminase 2 were higher than those in the non-induction group. At 14 days after osteogenic induction, the
expression levels of FN, LN and tissue transgiutaminase 2 in the extracellular matrix were higher than those in the non-induction group. (4) To
conclude, tissue transgiutaminase 2 may regulate the differentiation of nasal mucosal mesenchymal stem cells into neuron-like cells and

osteoblasts.

Key words: nasal mucosal mesenchymal stem cells; osteoblasts; neural-like cells; tissue transgiutaminase 2
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Figure 1 Morphology and identification of surface markers of rat
nasal mucosal mesenchymal stem cells (scale bar=25 ym)
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Figure 2 Oriental differentiation of nasal mucosal mesenchymal
stem cells to osteoblasts and neuroblast-like cells (scale bar=
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Figure 3 Levels of neuro-related proteins GAP-43, TUBB3 and
tissue transgiutaminase 2 in nasal mucosal mesenchymal stem
cells at 3, 5 and 7 days after neurogenic induction
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Figure 5 Levels of neurotrophic factors NT-3 and BDNF, and
tissue transgiutaminase 2 in nasal mucosal mesenchymal stem
cells at 7 days after neurogenic induction
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Figure 6 Levels of extracellular matrix FN, LN, and tissue
transgiutaminase 2 in nasal mucosal mesenchymal stem cells at 14
days after osteogenic induction

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



LU DM, SHI WT, LU H, BI SQ, YANG KY, CUI XW, ZHANG ZJ. Expression of tissue transgiutaminase 2 in differentiation of nasal mucosal mesenchymal stem
cells. Zhongguo Zuzhi Gongcheng Yanjiu. 2020;24(19):2959-2964. DOI:10.3969/j.issn.2095-4344.2025

3 11i¢ Discussion

BRI TAMME T 2 hae T, nI7aiRsbg
TP AR R AN . 1EF DA TAERH, 8%
I ) 70 B T AN E R IR I 26 1F R RE 3R, ASUAT LA 42 R
A1 (P TR AN I RR /> SRR AR AR A), 7 T el i A A
A2 i O b B R I 1) 78 5 T B AE AR R 2R R G A
BB BN I B . SR, S 1A 78 3R T4
TR AR — B R A Rk, R B — DR .
%S IG B TR AL T G279 B35 5 8] 78 53 41 M Bl B AR R e &8
FEA RS S i R i aRaR . S04 SRR I B R 1) 7
JE 40 B ) R A B A A R R, BEE S T TR R
TG2FIA KT b 2 B 240 MR < 2 11 3R 3A /K 118 ey i 486
TR, TRVRE (P45 SR AR H TR B 80 5% () 70 5 440 B [ o 8 20
i S fE .

TG2 /2 Ca i #i 1tk A2 Bk i 10 7 4 S POk I g ¢ o 1) —
B, AL 52 AR I A 57 R 40 2B K B 1 e P TS,
W% R B UL R A AR D . Rk, TG2
TET 4G5 oAb R R BB, 5 AR RER
TR A0 A SRR A R, TG2R 3Rk /KB
SR R T A k38 TG2 M4 A0 Bl B 4 43 4L
FRII T A= 3 RS R LU s ah ep, USRS N
TG2H: Rk A4 Yo B3 L o) 78 R T2, (i d RIATG2,
W FC L TR, TG23E K& 1 1Y) . 285 16 ) 78 BR T 41 i 5 1)
T2 PR /6P,

GAP-43FITUBB3 & #H& juhke ML MM & 1, B
YCRTEMZ T R P A AT Y4 ekt S5/ P23, coL
[ FMOCN# I ATEH AR AT P RIFEEEH, &2
FE A AT B B R R R B (1 P2, B B R AN Ak
YIRS “ a4 bn” PO, xSt KR it
—DAIESE T SR (8] 78 5 40 B AT 7E AA A1 ) B R 2 AT A
LR . I, Western blotHl 4% ¢ B i
] 2 286 B 1) 7 J55 T 400t T 7 ARk 5 2% 25 14 1) B 41 R A
MR, FHBEEFE SN MER, sEgnpm
REH R MR E ARSI S, MATG2MRE 5
ZHREAMEMHAEARERIEMK, HFRAKE, TG2
alEE S R E . YR 1T sk,
G FAS 5 IE B N BUE A R T T 40 B m) #2844y
1827 TG2AMY A] 3 i LRP5/6 15 15 57 {4 4% B-catenin{s
SR, kI 7 R T 1 R AR PR, T HTG2
AIAZ AN B AP T AN B AR KR, DUEACE R T e
MPMIAE . T2l i LK. fF3E. AT,
I 2 5 4 B AT 5 R B 4 e 7 R0 g
[ 78 )53 - 40 LA 1) LA IR 2 A B oAb B e, Ak AR
WS AT 2R, TG2HE S S H-B 28 &
FEE, HAAHEZERFETERH . 55005 E 78 5 40 M al
234kt fE s, NT-3RIBDNF#R X 5TG2M R LA [FIFE
PIRass, PEEFRETF MR T BB R R A0

P.O. Box 10002, Shenyang 110180 www.CRTER.org

AR A FERRCE S SRR, BRI R T
S At P 4 R AR 3 B (FNRTLN) Y 3235 5 TG2 7R 4 [ 4 () 4
mia. AR, PEEFREF(NT-3FBDNF) M40 st
3R (FNAILN) AT 3 TG2AS BE T AR 2%, S s 1] 76 R T
YRk R R, TG2 54 IR IR 7RI 4H M A1 3L 52 (1 7T
FUE RN IE 05, S5Ufd S 0 65 ) 7 o T4 B AE o b T 72
O EH RUFIAEMI AN IREE, TEREE M IR %A T 5 )
HoAh R AL

Zx BT, TG24E 5 M5 (8] 78 57 24 i [ 7 i 44t i 1
AP AL G oAb I 7 b B BT E R, A
SRR NAR T TG21 HAR A ML .

EZ TR FRETARER. SR, FRERYHSER. £
ok, R ARER. BRI, FARES LA, SRR B
T4 M. i,

RBEZH UXFEZT “BRAKAFELUEHZALTE
(81571830)” “LH K s R E FAH K KA 4R B (JLY20180040)”
B, BiAAEE B, 2% SRR Yoh X ENE AT AT R A A
M R GGt o pT AL IRE

FUBIHGE: L FIEH F Y, ERAAL L FHRE TP
RAEFZF R,

YIHICTEEER: 535 B2 I HRF M FIACTER R 2P,
PoEF A 2016-08-07. FHIFARERETEHFRLEFHBHE (AT
NP 542 H 18 B R A AR RiEAL.

SIE#ER: AR ETRREFNTABER S (FAALER
LiREAE T 5L L RAEFALY.

XEELZE LF R 2EH LR D) 5 ke n 2 %34T 3K
¥,

XEHF: XFENATINF ERRFINT, FATIRBOAN LF
HeHINLIATE.

PG FEE: X EghitF ke g2@idit FRFEFRKE
BHALABILHRF W BT EERE S XL IR T,

XEMH: 3T R & O ARERBRAALE T A%
WX,

TR R X% — B AR F, 4B (il T
WY “F LM AR F KEF4.07 3, EASEI AN
T, AR LM B AT RIAZSE. AEFT &, R
BAEATR P L. TR BN, i, 376, k. BH4EIER
K, FAZEI R, ARG AKER L CETAE AR,

4 %3k References

[1] ZHANG Z, HE Q, DENG W, et al. Nasal ectomesenchymal
stem cells: multi-lineage differentiation and transformation
effects on fibrin gels.Biomaterials. 2015;49:57-67.

(21 AL FEOCaR, A NG, 5 N S IR 7 B A 1 S5 97
A2 1715343 A [ ). M PR B SR Sk S AR &, 2012,26(11):
490-493,498.

[3] LORAND L, GRAHAM RM.Transglutaminases: crosslinking
enzymes with pleiotropic functions.Nat Rev Mol Cell Biol.
2003;4(2):140-156.

[4] LAITS, LIN CJ, GREENBERG CS.Role of tissue
transglutaminase-2 (TG2)-mediated aminylation in biological
processes.Amino Acids. 2017;49(3):501-515.

2963



HER, EXVF b, EAE. B,
S FHH TR, 2020, 24(19):2959-2964. DOI:10.3969/).issn.2095-4344.2025

X TR JIRFEL G2 15 F IR A S - AL FE 7 76 413).

(5]

(6]

(7]

(8]

19

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2964

TATSUKAWA H, FURUTANI Y, HITOMI K, et al.
Transglutaminase 2 has opposing roles in the regulation of
cellular functions as well as cell growth and death.Cell Death
Dis. 2016;7(6):e2244.

VANELLA L, RACITI G, BARBAGALLO |, et al. Tissue
transglutaminase expression during neural differentiation of
human mesenchymal stem cells.CNS NeurolDisord Drug
Targets. 2015;14(1):24-32.

KAARTINEN MT, EL-MAADAWY S, RASANEN NH, et al.
Tissue transglutaminase and its substrates in bone.J Bone
Miner Res. 2002;17(12):2161-2173.

CHEN Q, ZHANG Z, LIU J, et al. A fibrin matrix promotes the
differentiation of EMSCs isolated from nasal respiratory
mucosa to myelinating phenotypical Schwann-like cells.Mol
Cells. 2015;38(3):221-228.

CHEN Q, ZHOU H, HU P. Stemness distinctions between the
ectomesenchymal stem cells from neonatal and adult mice.
Acta Histochem. 2017;119(8):822-830.

LI G, LIU J, ZHAO M, et al. SOST, an LNGFR target, inhibits
the osteogenic differentiation of rat ectomesenchymal stem
cells. Cell Prolif. 2018;51(2):e12412.

DELORME B, NIVET E, GAILLARD J, et al. The human nose
harbors a niche of olfactory ectomesenchymal stem cells
displaying neurogenic and osteogenic properties. Stem Cells
Dev. 2010;19(6):853-866.

LIU J, CHEN Q, ZHANG Z, et al. Fibrin scaffolds containing
ectomesenchymal stem cells enhance behavioral and
histological improvement in a rat model of spinal cord injury.
Cells Tissues Organs. 2013;198(1):35-46.

YIN X, CHEN Z, LIU Z, et al. Tissue transglutaminase (TG2)
activity regulates osteoblast differentiation and mineralization
in the SAOS-2 cell line.Braz J Med Biol Res. 2012;45(8):
693-700.

ECKERT RL, KAARTINEN MT, NURMINSKAYA M, et al.
Transglutaminase regulation of cell function.Physiol Rev.
2014;94(2):383-417.

WANG X, YU Z, ZHOU Q, et al. Tissue transglutaminase-2
promotes gastric cancer progression via the ERK1/2 pathway.
Oncotarget. 2016;7(6):7066-7079.

LEE CS, PARK HH. Structural aspects of transglutaminase 2:
functional, structural, and regulatory diversity. Apoptosis.
2017;22(9):1057-1068.

CHRISTENSEN B, ZACHARIAE ED, SCAVENIUS C, et al.
Transglutaminase 2-Catalyzed Intramolecular Cross-Linking
of Osteopontin.Biochemistry. 2016;55(2):294-303.

KIM N, LEE WK, LEE SH, et al. Inter-molecular crosslinking
activity is engendered by the dimeric form of transglutaminase
2. Amino Acids. 2017;49(3):461-471.

(29]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

KAARTINEN MT, PIRHONEN A, LINNALA-KANKKUNEN A,
et al. Transglutaminase-catalyzed cross-linking of osteopontin
is inhibited by osteocalcin.J Biol Chem.1997;272(36):
22736-22741.

AE A, S SO BRE ST G 226k [RII2 M ) ok Al 1 ) 72 J 40 1)
M FEATNL AL OB [ A 2 7 2 &, 2018,34(3):
297-304.

FORSOVA OS, ZAKHAROV VV.High-order oligomers of
intrinsically disordered brain proteins BASP1 and GAP-43
preserve the structural disorder.FEBS J. 2016;283(8):
1550-1569.

TISCHFIELD MA, BARIS HN, WU C, et al. Human TUBB3
mutations perturb microtubule dynamics, kinesin interactions,
and axon guidance.Cell. 2010;140(1):74-87.
MUKHAMEDSHINA YO, GRACHEVA OA, MUKHUTDINOVA
DM, et al. Mesenchymal stem cells and the neuronal
microenvironment in the area of spinal cord injury.Neural
Regen Res. 2019;14(2):227-237.

SALASZNYK RM, WILLIAMS WA, BOSKEYA, et al. Adhesion
to Vitronectin and Collagen | Promotes Osteogenic
Differentiation of Human Mesenchymal Stem Cells.J Biomed
Biotechnol. 2004;2004(1):24-34.

DUCY P, DESBOIS C, BOYCE B, et al. Increased bone
formation in osteocalcin-deficient mice.Nature.1996;382
(6590):448-452.

BESSEY OA, LOWRY OH, BROCK MJ.A method for the
rapid determination of alkaline phosphates with five cubic
millimeters of serum.J Biol Chem. 1946;164:321-329.
BELLOWS CG, AUBIN JE, HEERSCHe JN, et al. Mineralized
bone nodules formed in vitro from enzymatically released rat
calvaria cell populations.Calcif Tissue Int. 1986;38(3):
143-154.

ZEMSKOV EA, JANIAK A, HANG J, et al. The role of tissue
transglutaminase in cell-matrix interactions.Front Biosci.
2006;11:1057-1076.

JANIAK A, ZEMSKOQOV EA, BELKIN AM.Cell surface
transglutaminase promotes RhoA activation via integrin
clustering and suppression of the Src-p190RhoGAP signaling
pathway.MolBiol Cell. 2006;17(4):1606-1619.

FAVERMAN L, MIKHAYLOVA L, MALMQUIST J, et al.
Extracellular transglutaminase 2 activates beta-catenin
signaling in calcifying vascular smooth muscle cells.FEBS
Lett. 2008;582(10):1552-1557.

HARSFALVI J, ARATO G, FESUS L.Lipids associated with
tissue transglutaminase.BiochimBiophysActa. 1987;923(1):
42-45.

TELCI D, GRIFFIN M.Tissue transglutaminase (TG2)--a
wound response enzyme.Front Biosci. 2006;11:867-882.
NURMINSKAYA M, KAARTINEN MT.Transglutaminases in
mineralized tissues.Front Biosci. 2006;11:1591-1606.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



