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1 1t qQRT-PCR #5:lll CAF, NF M A JEEima s &2 (T24. 5637, UMUC3, J82) 1 MEAPS mRNA fUAHX 255, &
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M1 (ZEBL) #4045 (P14<0.01) . 24 A MFAP5 &5 14 31 38 GE A2 o T24 . 5637 40 M b £ 45 N- 45 6 45 14 .
MMP9, ZEBI, Twist 75 PR L J — (BB E ARSIk (P<<0.05, P<<0.01) , [RIETHE5® A0 AR IR Z2RE T
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Microfibril-associated protein 5 regulates epithelial-mesenchymal transition-related genes to promote
migration and invasion of bladder cancer cells
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[Abstract] Objective To investigate the expression of microfibril-associated protein 5 (MFAPS) in bladder cancer
tissues and its biological effects on bladder cancer cells. Methods The surgical resection specimens of bladder cancer
patients, who were diagnosed in Shanghai General Hospital of Shanghai Jiao Tong University, were collected, and the
expression level of MFAPS was detected using immunohistochemistry. The cancer-associated fibroblasts (CAFs) and normal
fibroblasts (NFs) were isolated and purified from bladder tumor tissues and normal bladder tissues, respectively. The mRNA
expression levels of MFAPS5 in CAFs, NFs, and four kinds of human bladder tumor cell lines (T24, 5637, UMUC3 and
J82) were detected using quantitative real-time polymerase chain reaction. The correlation of MFAP5 expression with the
progression and malignancy of bladder cancer was analyzed using the bladder cancer expression profile data derived from the

Cancer Genome Atlas (TCGA) database and the GSE13507 database of Gene Expression Omnibus (GEO). The T24 and 5637
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cells were treated with recombinant human MFAPS protein to detect the effect on cell migration and invasion, as well as the
expression of migration-associated proteins. Results MFAPS was mainly expressed in the stroma of bladder cancer tissues,
and its expression level was related to T stage and tumor grade of bladder cancer (both P<<0.05). The mRNA expression
level of MFAP5 in CAFs was significantly higher than those in NFs, and T24, 5637, UMUC3 and J82 cells (all P<<0.01).
The results of TCGA and GSE13507 database both showed that the overall survival of bladder cancer patients with high
expression of MFAPS was significantly shorter than that of patients with low expression of MFAPS (both P<<0.05). Gene set
variation analysis showed that the expression level of MFAPS increased with the degree of tumor malignancy (£<<0.01), and
its expression was closely related to expression of epithelial-mesenchymal transition-related genes such as cadherin 2, Twist/,
matrix metalloproteinase 9 (MMP9), and zinc-finger E-box-binding protein 1 (ZEBI) (all P<<0.01). In T24 and 5637 cells,
the stimulation of recombinant human MFAPS protein could up-regulate the expression of epithelial-mesenchymal transition-
related proteins, including N-cadherin, MMP9, ZEB1 and Twist, and enhance the migration and invasion abilities (all <<0.01).
Conclusion MFAPS may be a potential molecular marker for predicitng the invasion and progression of bladder cancer.

[Key words] urinary bladder neoplasms; microfibril-associated protein 5; epithelial-mesenchymal transition; tumor
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& - a4k ( epithelial-mesenchymal transition,,
EMT ) J2Mie &A= 28 ki BB, HARRIE 2 4
LB AR P RN A . B SRR, b ARG
E-#5%i 5 H ( B-cadherin ) FRIEFEAK. ] AR &Y
N- 4578 11 (N-cadherin ) k7" . EMT 9
PR ) Z2 P05 5 5% iR 4%, W TGF-B. NF-xB,
Notch, Wnt/B- 8 H ( B-catenin ) 5. FF45 %%
SEMAF Snail . Twistl/2 #1 E @45 A FEEHEH ( zine-
finger E-box-binding protein, ZEB ) & ¥ 5 i J&
EMT [ A SR 7, X e Tk T 5
PR ARG XS
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I 53 4 iR A O BZF 4E 4 i ( cancer associated
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40 MY ( normal fibroblast, NF) . % JH Ml f# 3%
AN AR, AR TSR AL b, JREAC A
Mods 3% 5~7d J5, AMC A )R, HEEA
il 6 fk, R FH 22 B BE VL 28 3 2~3 YR BE B
J5, RAFAAL R R ET AR AN, BUA KORAS B
55 3 AR M, SR A B 1 BT ED O k E AT S5 8, NF
o WLULBE & LI, CAF A o -3 AILAL 3
E Y. & 10% EBS B DMEM/F12 15 35 Wi
F37 C. 5% CO, Ki 2 A i 15 9. A JBs I o 4 it
Z T24., 5637, UMUC3, J82 Il B H & Bl 2% B¢ I
40 %2, & 10% FBS [ RPMI 1640 1% 35 i
K2 T 37 °C. 5% CO, B A B #7. 4B H
TS B WYL AL BE 8 h J5, B 38 &6 TC 1ML V5
RPMI 1640 55 3% W, A 23k B 2 200 ng/mL .
400 ng/mL B4 A\ MFAPS 5 [, DIINAZEARF A 3
ERACHXTIR, 12 h 5 T RESC S, 48 hE iR
HSUAAH i 2 PR A A e
13 £ %% HmX A &4 AMFAPS & 1 (1%
5 4914-MG) 1 H 3£ [FE R&D /A Fl; RNA il # X
I TRIzol (% %5 9108) . R ¥ stk 7l & (k5
RRO47A ) 1 [ H 78 TaKaRa 2\ 7l ; qRT-PCR X H| &
175 Q341-AA ) 14 H ma 5 MERE A DI RHE AT R 2
A]; RIPA 25 24 (155 PO013B) I A I3
“RAEYHAARAF]; G f gl G (58
5 9706) . DAB . {1 i ¥ & (4% 5 DAB-0031)
W A B AE B AR T B A BR A Rl N- #5262
HPUik (585 22018) . -85 3 & HHLIK (12 5
20874) . ZEBI Fiifk (185 21544) | HF 48 &
/i ( matrix metalloproteinase, MMP ) 9 #ii{k (175
10375 ) 4 [ 3£ [E Proteintech 2N &), Twistl/2 Hiik (57
5 GTX217310 ) 4 H 3£ [# GeneTex 22 w], GAPDH #1t
R (5345 sc-32233 ) i H 5[5 Santa Cruz 23 H] .
14 Spagidize AWEURZ IR
L BRI KAk, B E T AT TR SR v
578 25 min HFATHURE R . AR ERG, #H
DAB i 8,371 65 Ul I 0 2 8L 25 N TR PR i Ak
VIl YE . PURE . —$04 C WEEKR . —h
FIRMFE 10 min 5, Pl DAB #7122 g 6 51 Lt
AR T AR, R €0 A A5 150 e e e B[]
B R SR R B TR 0 A N TERIER, 143
HARFRIR, 240 R AERIK, 3 AmEERIA.
1.5 qRT-PCR i Jf] TRIzol ¥: £ HU4H it &2 RNA,
28 U SRS cDNA, LA cDNA Rt T PCR,
Ph B-actinfE R NS IR. 519))F 51 . MEAPS L5

¥ 5-ACA CGA AGC TAT GAA AGA TGA GC-3',
TS 14 5-AGT CGG AAG TAA TTG GAG CGA-
3'; B-actin I ¥ 5] ¥ 5-CAT GTA CGT TGC TAT
CCA GGC-3', T ¥if 5] ¥ 5-CTC CTT AAT GTC
ACG CAC GAT-3', i 27" 4158 H Ay L K A
X F Ik

1.6 &aierix  FHEEAREH E RIPA &
I 24AR i AR ML B R 11, BCA VR T A I 4,
100 'C W 15 min, 285 T—20 C R fF. #& %
fL 20 pg fE 1 LA, ik SAS-PAGE 4r &4 H .
VR VESEIEE 90 min f5, FHE 5% BEAE W5k At -
W W2 £ 2% v W ( phosphate buffer saline-Tween,
PBST) ] 1 h, BJ5 S e & G 7 e LU e il 4r
(IR PUARFR B, 4 °C R . ¥4 PBST
B3 WE A Z M B =IREE 1 h, HH
PBST Y 3 Ik, BfiJe i 1 ECL Ab2# & Y itt AT i
AN € )i

1.7 Transwell 42 & £ 3% W& oAb B 5 Y T24 .
5637 4, JHRER FBEH A0S G I T A i R
2, B100 uL & A 1X10° 440 il 14 JC IfiL 7 RPMI
1640 55 F2 WAL Fh 415 JE T 19 Transwell %, T
ZEHfINA 600 uL & 10% FBS i) RPMI 1640 55577,
T37 °C. 5% CO, B F2 5 N5 %, T24 il 3% 12 h,
5637 4 18 he WU /NE 5 I PBS 15406 3 1K,
TA 4% Z2 58 W1 81 72 40 M 15 min, FRH] PBS
PR3 IR, FH 0.1% 4 A5 g 15 min, VL 454
EYETERTAT G SIS i

1.8 XDRZER AT 6 fLi, FRaiMiER
ZEamA ), RS IT LG IE, 5
FH PBS Vi LB T 4, 4 -5 1% FBS ) RPMI
1640 ¥5 55, T WM T LS. AR IfFid R
FiPE, 48 h G MR E G

1.9 AW EF oM T ESEEEAE R 4 E
( the Cancer Genome Atlas, TCGA ) g% ( https://
cancergenome.nih.gov ) N 3 K % ik 1L 4 ( Gene
Expression Omnibus, GEO ) %04 J& ( https://www.
ncbi.nlm.nih.govigeo ) GSE13507 £y & 4E i i) 1% Bt
987 22 35 T KO OGS I I PR R, K R o R AR
MFAPS5 Fik /KRR = HES, #E1 7% s #r o
1.10 %it5 42 KM GraphPad Prism 6 34
PG 2200 . A RS AT R R A X £5
FR, PHULIA] LBCR ST BEA (K 56, Z2 4[] He
BRI R T 2500 RS0 i 5oRt e
AR CR Ui, EPUsRi%0) R, P41



* 656 °

BOFEERFFM S 20204E 6 H, 41 %
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(a) 4 0.05,
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2.1 FEBRJE 44 Fe tm B P MFAPS 89 & & Al
Wh s b4 8 (B 1) BoR, f£IEH
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12 T M B Dt 9RE 4 21, MIFAPS 1 32 3k T i Jgd [a]

g N
- . 4
S vEosy
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o WUZ R B B s 41 2+ MFAPS B3 5
[ (2.04£0.15) 4, n=20] & FALHUZIZ T B ik
RS (1.2040.15) 48, n=30) | , ZRAELIT
RN (P<0.01) . @i 1 7R, MFAPS B3k
K5 I T 4330 AR 4 4 5% (P<0.01,
P<0.05) . qRT-PCR #& I 45 & & 7/~, CAF
MFAP5 mRNA X} ik it (25.07+1.34, n=3)
= T NF BB i & 724, 5637, UMUC3,
J82 (5.38+0.04, 1.14+0.09, 2.56%0.10, 0.60+

0.19. 0.98+0.12, n=3) , ZRWAHSGIT¥E XL
(P¥<0.01) .
T y
BN

1 SEARUFRERNERANFEEREARH MFAPS EGLER

Fig1 Localization of MFAPS in bladder cancer samples at each grade detected by immunohistochemistry staining

A: Normal bladder; B: Non-muscle invasive bladder cancer; C: Muscle invasive bladder cancer. MFAPS5: Microfibril-associated

protein 5; N: Normal urothelium; S: Stroma; T: Tumor. Original magnification: X400

R 1 MFAP5 RiZS5BEMERE nRRERHERNX R
Tab 1 Correlation between MFAPS expression and
clinicopathological features of bladder cancer patients

n

MFAPS expression

v value P value

Characteristic N

High Low

Gender 0.936 0.333
Male 37 20 17
Female 13 5 8

Age (year) 1.299 0.254
=65 28 16 12
<65 22 9 13

T stage 6.750 0.009
Ta-1 30 10 20
T2-4 20 15 5

Tumor grade 4.160 0.041
Low 19 6 13
High 31 19 12

N stage 2.168 0.141
NO 41 18 23
=N1 9 7 2

MEFAPS5: Microfibril-associated protein 5

22 MERBRJELLLE P MFAPS &k 56 Rk EL4F1EH)
% & TCGA Bl 0 e fia 2H 2L S 20 Iy 45 2%
R, HETARG (n=21) . &40 ( 1T+,
n=132) . FAZE (T2, n=119) . JCHE
455 F (N0, n=237) WBMIEASREAR, mg
(n=384) . =W (M+WV, n=274) . HEIUZ
B (T3~4, n=252) | fRHREZHEE (=N,
n=129) BYBEIHEIEAHLREA T MFAPS ik /K11
ThEs [ 43914 0.909(0.122, 3.757 ) vs 0.035( 0.008,
0.119) . 1.454 (0.203, 5.014) vs 0.129 (0.019,
1.105) | 1.557 (0.241, 5.170) vs 0.212 (0.020,
1.239) | 1.516 (0.120, 5.775) vs 0.669 (0.083,
3.006) ], ZR¥AGIEE L (PH<0.01) .
GSE13507 fdFFH.es R 3 i i 36 W1, MFAPS 7
B (7.63+0.15, n=60) . E{RZEME (7.84+
0.17, n=62) . fF ik & 45 5% % (7.8540.33,
n=16) . WUZ&EE (7.86+0.18, n=61) KM
Fr A b KRR, 590 (7.20£0.07, n=
105) . K122 M (7.06+£0.03, n=103) . Jik
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ML 45 5 8% (7.2940.07, n=149) . AL WL)Z &M
(7.06+£0.03, n=104) MR ALUH L2 7
HEiT2FE L (P<0.05) .

23 JEMELLLF MFAPS 2k 5FUst % 2 iR
TCGA 42 55 2H I e B840 T2 v 4 BBCA J% IO 8 AR
ot MFAPS Rk K F, % AifH (54.7355) # &
H 47 A MFAPS & R ik 4l (n=203) FkFKL A
(n=202) , Kaplan-Meier 7> ¥ 45 % /K, MFAP5

100 —— MFAP5™ =202
S s —— MFAP5"™" =203
S L
=
£
S sof
3
5]
3 25}

0 1 1 1 ) A

50 100 150 200
Time (month)

1o 2 Ik B BV A W T MFAPS (IR 3R A 40 8
T, ZRAGIFE X (P=0.0366, E24A) .

R4l GSE13507 1 [ 5110t v B5 4 e 165 e Jd e A v
MFAPS KikK V-, Rk - lERA=1 + 3 R
B} 7.21, MFAPS R84 (n=41) B4 8447
Wi 4 T MFAPS IR£ A4 (n=124) &, 57
FEi 3L (P=0.0370, K 2B) .

100 —— MFAPS"™ n=124

— MFAP5"™" n=41
75+

50+

Overall survival (%)

25t

50 100 150
Time (month)

2 MFAPS RiEXEptE B2 & R EEHNZ

Fig2 Effect of MFAPS expression on overall survival of bladder cancer patients

A: The bladder cancer patients with high-expression level of MFAPS had a shorter overall survival (MFAPS expression data were

derived from whole transcriptome sequencing database of TCGA); B: The bladder cancer patients with high-expression level of

MFAPS had a shorter overall survival (MFAPS expression data were derived from microarray database of GSE13507). MFAPS:

Microfibril-associated protein 5; TCGA: The Cancer Genome Atlas

24 MFAPs ik 5 EMT %k 4T k.  icHl
FEHEE 223707 ( gene set variation analysis, GSVA )
D5 ¥ 3 M MFAPS 33K 7K - 5 5% e i &% 7 25 U1 AH
KR EMT 5& PR AR 9 AH DG, 25 R (B 3A) R
FE TCGA J% I Ji I Fy K0 1% v, 2 A B A SRk
i EMT 3 [ 4 8 1 3 5 4 T MFAPS 15 3
k2 (r=0.685 8. 0.687 4, P#<0.01) ; 74k,
EMT A 5C & K85 &5 85 H1 2. BB 8 H . Snail &
J e S AW il P 172 ('Snail family transcriptional
repressor 1/2, SNAIL1/2) . Twistl/2, “Fi%E&EH 1,
MMP2/3/9, ZEB1/27F MFAPS ik 4l E A
i E Rk (K 3B) ., Pearson A T4 SR s,
TE 555 F 7K F MFAPS 3 3k 7K *F- 5 EMT AH Gk
MRGE M 2. Twistl . MMP9. ZEBI {£-1E 58 AH O HE
(r=0.500 8, 0.683 4, 0.598 2, 0.5114, P¥<0.01,
n=414)

2.5 MFAPS s+ A ks 2m B EMT 48 % & & £ ik o4
v PRI AE R (B4, £2) B

7N, {ET24. 5637 4Hir, 200 F1 400 ng/mL H 2 A
MFAPS & 134 1] 47 &4 4 1 N- 4555 25 1. MMP9,

ZEB1. Twist fJ3R3k, [RIAS 0] B- 5 %6 8 1 %55,

55 0F BRZH A TG 22 5 ¥ A Ge i L (P<<0.05 8
P<001) .

2.6 MFAPS % ik sF A J5 Bk & fa fe it 45 542 2 69
Hra WIELEER (K SA. 5B) IR, £&
i 200 F1 400 ng/mL T 21 A\ MFAPS & H Hl # ),

55 I 98 40 Bt T24 . 5637 RYIT RS e 1 KGR (T24.

55.00+1.53, 65.57+1.80, 5637: 53.47+1.58,

65.17+£0.73) , 5 X} 4l (0 ng/mL, 37.87+2.08.

35.5£1.53 ) M ZERIA SR L(P<0.01),
Transwell 1% 7% 5C 5 45 F (& 5C. 5D) & 7R,

200 #i1 400 ng/mL 20 A\ MFAPS 25 11 7] LAfE 2 s b
SR T24. 5637 MIRZERE ST (T24: 147.70%6.17,

195.30+6.49, 5637: 63.67+3.18, 66.33+2.40) ,

5%t B2 (0 ng/mL, 79.00+2.65, 31.67+145) H
2ESA SR (PI<001) .
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Fig 3 Expression level of MFAPS is closely related to EMT-related molecules

MFAPS r=1
EMT signature I #=0.685 8, P<0.01

EMT signature 2 7=0.687 4, P<0.01

MEAPS
CDH? =0.500 8
, VIM r=0.596 2
IH I SNAILI ~ =0.5529
i SNAIL2 ~ r=0.297 8
I I“ H | H ‘ ’ Tiwist] =0.683 4
, | I | |} Twist2 =0.716 0
FNI =0.694 0
1 MMP2  1=0.6529
| I || Ill I| MMP3  1—0.429 4
| MMP9 =0.598 2
ZEBI =0.511 4
ZEB2 =0.574 2 B

K-S EMT 83X 5 FEVIEX

A: Correlation of MFAPS expression with two EMT signatures analyzed by GSVA was presented with heat map; B:

Correlation of MFAP5 expression with EMT-associated markers was presented with heat map. MFAPS: Microfibril-associated

protein 5; EMT: Epithelial-mesenchymal transition; CDH2: Cadherin 2; VIM: Vimentin; SNAIL: Snail family transcriptional

repressor; FN1: Fibronectin 1; MMP: Matrix metalloproteinase; ZEB: Zinc-finger E-box-binding protein; GSVA: Gene set

variation analysis

T24 cell 5637 cell
'hMFAP5
;ng - mL™Y) 0 200 400 0 200 400 M/(X10%)
E-cadherin —| e sm— — L 125
N-cadherin— = = === - || coon s s — 130
MMPO — = s —— - w— w—— 0D

ZEB1— Men S SR | o e R 000

Twist —|[eee SEE— - L 76

GAPDH—| @S Gaun G0 | SN s s — 37

B4 ZEAREEERN rhMFAPS X355 Bt 20 A
EMT X EBRIEHZIT
Fig4 Effects of rhMFAPS on expression of EMT-
related proteins in bladder cancer cells detected by
Western blotting

rhMFAPS5: Recombinant human microfibril-associated protein
5; EMT: Epithelial-mesenchymal transition; MMP9: Matrix
metalloproteinase 9; ZEB1: Zinc-finger E-box-binding protein
1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

F2 EARENEEN rhMFAPS Ab12 5 HE B 722 40 A
EMT HXEBRIEEELER
Tab 2 Quantitative results of EMT-related protein
expression in bladder cancer cells treated with rhMFAPS

detected by Western blotting

n=3,x*ts
) thMFAP5 (ng e mL ™)
Protein
0 200 400
T24 cell
E-cadherin 0.980+0.036 0.530+0.091" 0.33340.026"
N-cadherin 1.02340.071 2.167+0.144" 3.337+0.180"
MMP9 0.997+0.069 2.077+0.100" 2.227+0.087"
ZEBI 0.957+0.048 1.330+0.075" 1.973+0.139"
Twist 1.043£0.130 1.280+0.024" 2.687+0.118"
5637 cell
E-cadherin 0.980+0.034 0.597+0.062" 0.533+0.026"
N-cadherin 1.01040.086 2.097+0.161" 3.203+0.060"
MMP9 1.010£0.054 2.050+0.049" 2.227+0.078"
ZEBI 0.967+0.048 1.430+0.065" 2.107+0.107"
Twist 1.043£0.130 1.380+0.024" 2.520+0.170"

rhMFAPS5: Recombinant human microfibril-associated
protein 5; EMT: Epithelial-mesenchymal transition; MMP9:
Matrix metalloproteinase 9; ZEB1: Zinc-finger E-box-binding
protein 1. "P<<0.05, “P<0.01 vs 0 ng/mL thMFAP5 group
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Fig5 Effects of rhMFAPS on migration and invasion of bladder cancer cells

A, B: The results of wound healing assay showed that the migration abilities of T24 (A) and 5637 (B) cells were increased after treatment with

rthMFAPS5; C, D: The results of Transwell assay showed that the invasion abilities of T24 (C) and 5637 (D) cells were increased after treatment
with thMFAPS. thMFAPS: Recombinant human microfibril-associated protein 5. Original magnification: X 100 (A, B), X200 (C, D)
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