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Roles of Basement Membrane in Cell Differentiation

Yu Meinan, Kong Qinghong, Guo Yaxin, Pu Tianyang, Wang Guanlin*
(Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, China)

Abstract The ontogenesis depends on cell differentiation. In cell differentiation, genes have the choice expression
according to certain time and the spatial order. And through turning genes on or off, the specific protein is expressed.
Cell differentiation is affected by a variety of factors, and the basement membrane is one of the factors affecting cell
differentiation. The main constituents of the basement membrane are collagen, laminin and perlecan. Each of them play a
role in cell differentiation. This paper mainly elaborates the function and mechanism of basement membrane and its main
components that are involved in cell differentiation, which will provide new ideas for cell differentiation.
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Fig.1 The structure of basement membrane (modified from reference [4])
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Fig.2 Signal pathways involved in cell differentiation
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Fig.3 The structure of Collagen (modified from reference [4])
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F AL R, C-AR i 45 M I8 AT = A Lamininff BOR 25
) 3 (Laminin type-Globular domain). Perlecanifi ¥
oWk B A B, A A5 T 2 1A, s
EA O S MBI R S2ARATE KR A
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Fig.4 The structure of Laminin (modified from reference [25])
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binding growth factors, HBGF) fll TGF-B/BMPs%% [A|
TEhiA, TR LB 2 008 AR IR Bl R M B i
GAGHE &7 15 7% 2 | Perlecan 45 #4151 |, iX fh &5 &
¥ 3% THBGF. BMP-2FITGF-B1K ¥ 1 4= ¥ 3% 1,
A 3 1) 78 J5T 148 B 73 A R SR 20 B, T SRR R A
ZABS) [E]IN W BF 9 32 1, Perlecan () 14> 4 /gt
51 GAGHS & r £ Perlecans #4415 BMP-2 [
P [FIAE AR 32E 1) 78 Jo2 T 40 B 20 A4 R R 4t

AJ WL, Perlecan% #4] I7E (i 40 M 43 4k o 2 ) 8 B4
.

3.3.3 Perlecanf®mfintt. WA E, Perlecann]
A 33T B 18] 78 J5 1 2 40 A o i 4B RS A
Perlecan#1I il [8] 78 5 40 i 53 44 9 i 107 40 B, {12 i3k 1]
FEI T AR A R A, TR e g AL, FRATTAT
DL FH s 0 A0 5 P Perlecan sk FH Wy P Y5 14: Perlecan ]
D712, AR T R 78 o T4 1 43 7 AP 25 b, 3R

Heparan sulfa/te

2 W 4

/,/ ~ GAG binding site
/

Laminin type IV

111 v \

Laminin type-globular

Immunoglobulin
superfamily

SRR B AR S IRIL LDLZARARY, S5 MYIRIIL: J2 308 8 ATV LS M S5V G sk A 50, St v: J2 308 8 A - RIRES

T

Domain I: proteoglycans; domain II: LDL receptor type A; domain III: Laminin type IV domain; domain IV: immunoglobulin superfamily; domain V:

Laminin type-globular domain.

&5 PerlecanZE#(1RIESE Ck[36]1814)

Fig.5 The structure of Perlecan (modified from reference [36])
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Table 1 Main components of basement membrane and their functions

B J0% a5t Ak e AHHAEH 22 R
Main components  Structures Receptors Functions Interactions References
Collagen Three a chains alpl, a2p1 Promoting cell adhesion and Collagen binds to [36]
form triple helix integrins, and so differentiation Perlecan domain I and
structural proteins,  on domain IV
divided into 7S
collagen zone and
NC1 non-collagen
zone
Laminin o, Bandy a3p1, a6pl Promoting cell adhesion, protein Globular structure of [24]
chains form integrins, kinase activity to promote cell Laminin short arms
heterotrimeric a-dystroglycan, differentiation can be combined with
polysaccharide and so on Collagen
sugar chains.
Crossed structure
(three short arms
and one long arm)
Perlecan Five different B1, 02P1 integrins, = Combined with growth factors The heparin sulfate [24,36]
domains constitute  a-dystroglycan, to migrate to specific receptors chain of the Perlecan
proteoglycans and so on on the cell membrane to play a domain I GAG

role in promoting angiogenesis
and osteoblastic differentiation of
stem cells

binding site binds to
the cysteine residues
of Laminin three
short arms to form a
disulfide bond




130

fI1AT BLE i Perlecan = 22 5 40 M 1) BB 43 1678 fig
FHK

I8 T A 9 2 DG B L 3 B 4 (BR 1) AE 41 Y Ay
e AE L, SRATTR IR, 40 B 43 A 32 2 i L i
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(%) U 75 200 PR ) A AR FH (B14) . BIFFE SR, R
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K43 DR -1 o 7 0 1 28 R G — e A B
GG, A8 IR L R AT R R G
T R R 45, Wb e HE R IR B, SR B
B, BT ARG ST IR, A 97 N H35R
WAt TR

SE Mk (References)

1 Cerone L, Neufeld Z. Differential gene expression regulated by
oscillatory transcription factors. PLoS One 2012; 7(1): €30283.

2 Sisakhtnezhad S, Alimoradi E, Akrami H. External factors
influencing mesenchymal stem cell fate in vitro. Eur J Cell 2017;
96(1): 13-33.

3 Okumoto K, Saito T, Hattori E, Ito JI, Suzuki A, Misawa K, et
al. Differentiation of rat bone marrow cells cultured on artificial

10

11

12

13

14

15

17

18

basement membrane containing extracellular matrix into a liver
cell lineage. J Hepatol 2005; 43(1): 110-6.

Jayadev R, Sherwood DR. Basement membranes. Curr Biol
2017;27(6): R207-11.

Ho HY, Moffat RC, Patel RV, Awah FN, Baloue K, Crowe DL.
Embryoid body attachment to reconstituted basement membrane
induces a genetic program of epithelial differentiation via jun
N-terminal kinase signaling. Stem Cell Res 2010; 5(2): 144-56.
Chen YJ, Chung MC, Jane Yao CC, Huang CH, Chang HH, Jeng
JH, et al. The effects of acellular amniotic membrane matrix on
osteogenic differentiation and ERK1/2 signaling in human dental
apical papilla cells. Biomaterials 2012; 33(2): 455-63.
Hamamoto K, Yamada S, Hara A, Kodera T, Seno M, Kojima
I. Extracellular matrix modulates insulin production during
differentiation of AR42J cells: functional role of Pax6
transcription factor. J Cell Biochem 2011; 112(1): 318-29.
Arnaoutova I, George J, Kleinman HK, Benton G. Basement
membrane matrix (BME) has multiple uses with stem cells. Stem
Cell Rev 2012; 8(1): 163-9.

Kang BJ, Ryu HH, Park SS, Kim Y, Woo HM, Kim WH, et al.
Effect of matrigel on the osteogenic potential of canine adipose
tissue-derived mesenchymal stem cells. J Vet Med Sci 2012;
74(7): 827-36.

Lindner U, Kramer J, Behrends J, Driller B, Wendler NO,
Boehrnsen F, et al. Improved proliferation and differentiation
capacity of human mesenchymal stromal cells cultured with
basement-membrane extracellular matrix proteins. Cytotherapy
2010; 12(8): 992-1005.

Vllasaliu D, Falcone FH, Stolnik S, Garnett M. Basement
membrane influences intestinal epithelial cell growth and
presents a barrier to the movement of macromolecules. Exp Cell
Res 2014; 323(1): 218-31.

Wu X, Peters-Hall JR, Bose S, Pena MT, Rose MC. Human
bronchial epithelial cells differentiate to 3D glandular acini on
basement membrane matrix. Am J Respir Cell Mol Biol 2011;
44(6): 914-21.

Paduano F, Marrelli M, White LJ, Shakesheff KM, Tatullo M.
Odontogenic differentiation of human dental pulp stem cells on
hydrogel scaffolds derived from decellularized bone extracellular
matrix and Collagen type I. PLoS One 2016; 11(2): ¢0148225.
FErE T VR 25 S5 K0 7S 5 AlportZi & 4E. '
E 97 55 3% A 15 #% fH 2% F(Wang Yunfeng, Ding Jie. J Nephrol
Dialy Transplant) 2004; 13(1): 71-4.

Kitakaze T, Sakamoto T, Kitano T, Inoue N, Sugihara F,
Harada N, et al. The collagen derived dipeptide hydroxyprolyl-
glycine promotes C2C12 myoblast differentiation and myotube
hypertrophy. Biochem Biophys Res Commun 2016; 478(3):
1292-7.

Duan H, Li X, Wang C, Hao P, Song W, Li M, et al. Functional
hyaluronate collagen scaffolds induce NSCs differentiation into
functional neurons in repairing the traumatic brain injury. Acta
Biomater 2016; 45: 182-95.

Wang X, Wang G, Liu L, Zhang D. The mechanism of a
chitosan-collagen composite film used as biomaterial support for
MC3T3-E1 cell differentiation. Sci Rep 2016; 6: 39322.

He P, Zhang Y, Kim SO, Radlanski RJ, Butcher K, Schneider

RA, et al. Ameloblast differentiation in the human developing



TR B BRI 4

131

20

21

22

23

24

25

26

27

28

29

tooth: effects of extracellular matrices. Matrix Biol 2010; 29(5):
411-9.

Tamaddon M, Burrows M, Ferreira SA, Dazzi F, Apperley JF,
Bradshaw A, et al. Monomeric, porous type II collagen scaffolds
promote chondrogenic differentiation of human bone marrow
mesenchymal stem cells in vitro. Sci Rep 2017; 7: 43519.
Mansouri V, Salehi M, Omrani MD, Niknam Z, Ardeshirylajimi
A. Collagen-alginate microspheres as a 3D culture system for
mouse embryonic stem cells differentiation to primordial germ
cells. Biologicals 2017; 48: 114-20.

Jabaji Z, Sears CM, Brinkley GJ, Lei NY, Joshi VS, Wang J, et al.
Use of collagen gel as an alternative extracellular matrix for the
in vitro and in vivo growth of murine small intestinal epithelium.
Tissue Eng Part C Methods 2013; 19(12): 961-9.

Fang Y, Wang B, Zhao Y, Xiao Z, Li J, Cui Y, et al. Collagen
scaffold microenvironments modulate cell lineage commitment
for differentiation of bone marrow cells into regulatory dendritic
cells. Sci Rep 2017; 7: 42049.

Akerlund M, Carmignac V, Scheele S, Durbeej M. Laminin
alphal domains LG4-5 are essential for the complete
differentiation of visceral endoderm. Cell Tissue Res 2009;
338(1): 129-37.

Y R EE R ARG S RE. [ AN (R
(Xu Tong. Structure and function of laminin. Foreign Medicine)
1996; (5): 253-6.

Hashimoto J, Ogawa T, Tsubota Y, Miyazaki K. Laminin-5
suppresses chondrogenic differentiation of murine
teratocarcinoma cell line ATDCS. Exp Cell Res 2005; 310(2):
256-69.

Lin HY, Tsai CC, Chen LL, Chiou SH, Wang YJ, Hung SC.
Fibronectin and laminin promote differentiation of human
mesenchymal stem cells into insulin producing cells through
activating Akt and ERK. J Biomed Sci 2010; 17: 56.

Salasznyk RM, Klees RF, Boskey A, Plopper GE. Activation of
FAK is necessary for the osteogenic differentiation of human
mesenchymal stem cells on laminin-5. J Cell Biochem 2007;
100(2): 499-514.

Mruthyunjaya S, Manchanda R, Godbole R, Pujari R, Shiras
A, Shastry P. Laminin-1 induces neurite outgrowth in human
mesenchymal stem cells in serum/differentiation factors-free
conditions through activation of FAK-MEK/ERK signaling
pathways. Biochem Biophys Res Commun 2010; 391(1): 43-8.
Khalaj Z, Lotfi AS, Kabir-Salmani M. Laminin matrix promotes

30

31

32

33

34

35

36

37

38

39

hepatogenic terminal differentiation of human bone marrow
mesenchymal stem cells. Iran J Basic Med Sci 2016; 19(1): 34-
42.

Schminke B, Frese J, Bode C, Goldring MB, Miosge N. Laminins
and Nidogens in the pericellular matrix of chondrocytes: their
role in osteoarthritis and chondrogenic differentiation. Am J
Pathol 2016; 186(2): 410-8.

Kikkawa Y, Kataoka A, Matsuda Y, Takahashi N, Miwa T,
Katagiri F, et al. Maintenance of hepatic differentiation by
hepatocyte attachment peptides derived from laminin chains. J
Biomed Mater Res A 2011; 99(2): 203-10.

Hashimoto J, Kariya Y, Miyazaki K. Regulation of proliferation
and chondrogenic differentiation of human mesenchymal stem
cells by laminin-5 (laminin-332). Stem Cells 2006; 24(11): 2346-
54.

Pokrywczynska M, Lewandowska MA, Krzyzanowska S,
Jundzill A, Rasmus M, Warda K, et al. Transdifferentiation of
bone marrow mesenchymal stem cells into the Islet-like cells:
the role of extracellular matrix proteins. Arch Immunol Ther Exp
(Warsz) 2015; 63(5): 377-84.

Mittag F, Falkenberg EM, Janczyk A, Gotze M, Felka T, Aicher
WK, et al. Laminin-5 and type I collagen promote adhesion and
osteogenic differentiation of animal serum-free expanded human
mesenchymal stromal cells. Orthop Rev (Pavia) 2012; 4(4): e36.
Yang W, Gomes RR, Brown AJ, Burdett AR, Alicknavitch M,
Farach-Carson MC, et al. Chondrogenic differentiation on
perlecan domain I, collagen II, and bone morphogenetic protein-
2-based matrices. Tissue Eng 2006; 12(7): 2009-24.

Whitelock JM, Melrose J, lozzo RV. Diverse cell signaling events
modulated by perlecan. Biochemistry 2008; 47(43): 11174-83.
Gomes RR Jr, Joshi SS, Farach-Carson MC, Carson DD.
Ribozyme-mediated perlecan knockdown impairs chondrogenic
differentiation of C3H10T1/2 fibroblasts. Differentiation 2006;
74(1): 53-63.

Sadatsuki R, Kaneko H, Kinoshita M, Futami I, Nonaka R,
Culley KL, et al. Perlecan is required for the chondrogenic
differentiation of synovial mesenchymal cells through regulation
of Sox9 gene expression. J Orthop Res 2017; 35(4): 837-46.
Nakamura R, Nakamura F, Fukunaga S. Contrasting effect
of perlecan on adipogenic and osteogenic differentiation of
mesenchymal stem cells in vitro. Anim Sci J 2014; 85(3): 262-
70.



