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Biological characteristics of fibroblasts primarily cultured form breast precancerosis
Sun Yan'?, Peng Qiongle'?, Wang Liyang" *, Zhao Liuyang'*, Yuan Quan', Li Jun', Liu Manran'" *('Key Laboratory
of Diagnostic Medicine of Ministry of Education, *Department of Cell Biology and Genetics, College of Basic Medical Sciences, Chongging
Medical University, Chongqing, 400016 ,China)

[ Abstract | Objective To investigate the biological characteristics of breast primary atypical intraductal
hyperplasia fibroblasts ( AFs) in tumorigenesis of breast cancer, normal mammary fibroblasts ( NFs) and the
breast primary cancer-associated fibroblasts (CAFs). Methods  The primary human breast fibroblasts were
isolated by collagenase [ digestion from normal mammary tissue, atypical intraductal hyperplasia and mammary
tumor. The purity of these fibroblasts was identified by immunofluorescent staining using the specific first anti-
body to fibronectin, the fibroblast biomarker. The proliferation and cell cycle for each kind of fibroblasts was
detected by MTT assay and flow cytometry. The expression of cyclin D1, p53 and p21"" in the fibroblasts was
detected by Western blotting. Results ~ More than 95% of the isolated fibroblasts were positive to fibronectin.
Comparing with NFs (8.24 £2.47), AFs (16.94 £4.77) had higher growth rate and more cells at S-phase of
cell cycle (P <0.05). However, there were lower growth rate and lesser S-phase cells (P <0.05) when
compared these parameters in AFs with that in CAFs (33.31 £7.90). Similar changes were found on the
expression of cyclin D1, p21™" and p53 among AFs, NFs and CAFs. Conclusion  Different biological
characteristics of AFs with NFs and CAFs indicate that AFs are on the way of transformation of NFs to CAFs in
the precancerous lesion of breast cancer.

[ Key words | breast cancer; microenvironment; fibroblast; cell cycle

Supported by the National Natural Science Foundation for Directors of China (30940096 ) , the National Natural Science Foundation of China (81072147) , the
Natural Science Foundation of Chongging ( CSTC2010BB5099) , the Key Foundation of Chongging Medical University ( XBZD201006) and the Starting Funds
for Talents Returning From Overseas of Chongging Medical University (02001011890). Corresponding author: Liu Manran, Tel:86-23-68485184, E-mail:

mliu-hneq@ hotmail. com

[(EETH] ERAARBAESE T4 (30940096 ) ; B R H AR5 4> (81072147) ; F R TR & A AAFL2 56 4 (CSTC2010BB5099 ) 5 T PR I B R 2% AL T i Hk 4
(XBZD201006) ; T PR B RR 240 75 B 24 U9 [ 57 82k 42 (0200101189)
[BEE1EE] MR, G (023)68485184 , E-mail : mliu-hncq@ hotmail. com



534 B 1 B = EE K ¥ ¥ M
J Third Mil Med Univ

201241 H 15 H

Vol. 34, No. 1
Jan. 15 2012 17

BT WS 5 75, b 96 A 5C U ET 4 28 )] ( cancer-
associated fibroblasts, CAFs) 5 1F & 2H 25 3 15 1) i 2T 4
HAH LG , A= AR S T RE R A T BT AZ AL, I %) e
W%k KRR G EEAEAY . 76 FUARE S (tumor
onset) AR, A A AT b K A0t Hy T 2k
PRI 725 AR S o 14 R8T 0 DTG ™, I 4 e o
TR 4 BN M bR e 2 1 FLIR T R S
S A R LR R 7 v e B AT i A A I B BB B
FURPE S 8 TP Y b K 200 0 ) BN SR Y S i 16 A
Vo3 B 2 et B A 1 LSRR, B R L
e R A 2 1o 7L R ) i AL AR B B, B B
R o S T T AL e R 9 A ok
TR AR 2 SO B8 I 2T 24 240 B 1 A 0 2 8 Ak B X
FURIER A TR S R, ASBF 58 AR W FLIRZH AL 3L
N S5 S LRI 388 = 21 21 (atypical intraductal hyperplasia) |
FLIR S48 R A 2H 21 (ductal carcinoma in situ, DCIS)
A B FRAS I IE B AT 4E 20 2 ( normal fibroblasts , NFs) |
AN HLFR B A B A AE 4 Y (atypical intraductal hyperplasia
fibroblasts, AFs) il CAFs Syt 42 xf tWF5E T =4 1 40
FRLSE B 200 e T 300 200 Ak | 200 ) 30 1 428 R O i 1 10 A8
b, H T fit AFs 5 NFs fil CAFs YE/E W FRRAE F 1A
WAVEFN2E ek, it — 2D AR AT R A R 5 2 5 5L
i b 1 4 g A SR A 20 ) B R S A A

1 RS

1.1 Jaf i A

FIEA AR AR SRR B PR B R R B I 5 — B e N 43 W A1
IEH FUIRA ZUR IR F 2L I 8 & 22 338 (Mammotome ) 2L 74
BIFARBEA , FUBRAS S 58 74 26 2071 B 545 I 57 88 2 U0 R
TR FUIME FARREA, b 2L B R g ARui ey, &
BEA/NT 2 em, FARAPEB LM ATUIE 0.5 em® By fif 4141
TSR, 30 min N5 A1 SC 06 3 PR T4 UL 3L
1.2 &K 5

G2 M35 FBS KR B T Gibeo 22 w], 1 B it Jir Bl A1
VU %M i g T+ Sigma 23 7], K 3% 8 4 (fibronectin, FN) 7 {A& S i
NZFEEDUAI T Santa Cruz 24 &, cyclin D1 AT A 5L DL
A p21™" P BLERE P K pS3 it N Z i B PLIA I L T
et R S A MR B A |, B-actin bt A 2 5w BB 1A
SEF RIS LAY TR RAA .
1.3 SURR R AR AT 2 dm 3% 5

B FLIRALZUE T 4 °C PBS ik 2 I, 78 35 mm B3R
L 39 BBEIR , FH 1T mg/ml (4 T BB 37 “C 4k 6 ~ 12 h 45
THALIE AR R IRAT 50, A & 10% FBS 100 U/ml 75
FHHEM 100 U/ml # 5 K19 DMEM Sa5RE 5238 3 ml, F 5%
CO, 37 CHFAE RG24 h G E e B 70k, 2 J5 2 ~4 d

e 1 PR I SR A M AE B 90% B, S 2 ~4 R
P2 B TS5 56, [R] 1 20 S S0 4008 2B T IR) 1A i 4t e, LA R
SEUSHCHE A VAR P A AT T
1.4 | S d& % s

PRS0 328 7 BT 24 FLAR D, SRR A A S g
R AL T T0% % S, 4% 22 5 H R T 2 30 min, A
PBS J5%k, F 5% 1L 13 5 ] 30 min, W% 25 M3 , ELEE N4t
Fibronectin —#i(FN,1:200)4 CHFF %K. 52 KEHBA M
PBS #5¥k , OGN A6 35 (FITC,1: 50) ,37 °C 5% 30 min,
PBS & Uk J5 A DAPL A B (1:10) %7 10 min, PBS 15 Bk,
70% Hihat A, SR TSR A

FN FAME R A IS = (S at gl W e iz 50 x
100% .

1.5 wReE k& E(MTT %)

P53 2055 3 Y NFs AFs CAFs £ 10 B & 314k,
fL5 x 10° 4 Fh T 96 FLAR , 4L E R 5 L, AR EAs
HXFHR 2 A, 4L 5 ik, T 5% CO, 37 CIEFA I FE, 24
INEFIRCHS 1 ANRR SRR, A FLIIMA MTT 357 (5 mg/ml) 10 pl, 4%
223 S% 4 h ARSI Z LA (DMSO) 200 pl/fL, 38R 1%
IRPRFE 15 min, B AR A FE 9 4 490 nm b 45 I 56 %% R {H
[D(490) ], 2kl 5 d, il A K ih4k .

1.6 e B #asm (FCM %)

43 9F NFs AFs 1 CAFs #F 6 fLiH, K E 75% % %
A, R AL ISR 20, PBS i3 2 7, 1 000 /min 2.0 5 min,
7 E1H ,70% RS [ 5 1, Yt At A SRS I 4t i Jd 441
1.7 Western blot

K RIPA 5 H 240 i SR A e 25 1, T G250 0 7 2
HMEE . S0 pg &1 B4, 10% SDS-PAGE S HL K G #E 1R,
4 CEHH AR IM—Pi (p21™",1:500; cyelin D1, 1:500; p53,
1: 500, B-actin,1: 1 000) ,4 C 337, TBST ¥ jE 3 W5 — 4t
(1:2500) 2= 1 h, TBST $£2% 3 ¥k, ECL %65 6, CCD
B RE RGREER
1.8 %itFEoM

AL x =5 FoR, R SPSS 17.0 Geit Bk sk A7 4047, 41
(AT ¢ K

2 HR

2.1 JRAR R AR 2 dm BieL g FR B

1 7R 8 e I A T AL 2 21, 345 09 200 R T P e 5 7
M, 12 ~24 h 58] B 5 fUEE T (58 FT B S A DL TR R A 4 4
JHEAE R RERL AN, ZAEREETR, BT e 40 (R A
KIESZHRIE FWSZ M., B3 AAUMERS LR
ERR LA L,
2.2 AR R Y m e e T

233 1.2 ARG, A FN 54740 S e 5 S g ek i, I
FRIREURY 3 S LT 2 4 FIN 223K 58 BHME: , AT LAAG 25l X 43 B
LN AN A AL B AN . L 3 AN [R) R U ) B £ 4k 4N e 46
BEIK95% L b, WL 2,



34 B
18 2012461 A 15 H

o= FE B OR %
J Third Mil

Vol. 34, No. 1

Med Univ Jan. 15 2012

A:NFs;B.AFs;C:CAFs
E1 FEREZREMENERRBETEABMESTHE ( x100)

.

A D:NFs;B.E: AFs; C .F:CAFs;A B .C:DAPI 4z (£ &);D .E . F:FN(4t &) #= DAPI #5945 B
B2 Mtk FN ERFEMAMERNFRIE (B ERELRZME x100)

2.3 3 LR At K R tm e B B 4 AR

NFs AFs CAFs 2R K2 ULl 3. 3 2H Wit 4 4 M 25 78
2 ~3 d b FHRECE I, A0 AR R RE %, 5 4 R 2 AT
B, AR . MTT A= K2R 7R CAFs 15 B 285 1L
IETYEANNG, L Hi 4% 2 ZH 40 0 ( NFs | AFs ) 54 58 i f7 W g 38 5
(P <0.05) . el T FL 5 w0 v A2 o FE 2 40 O BB A )
I AFs, IR RE 1/ F NFs, CAFs Z[a] (P <0.05) , #F—#4y
T 3 2T AE AN AN TR U L SRR B (3R 1) - 55 NFs
FAEE A AFs 19 Go/ Gy AR, S /3 88 % (P <0.05) .
M 5 CAFs At ¥R AFs ) G/ G, B4 Ho A8 ] 52 % T CAFs, S
RG> U W 5 /0 F CAFs( P <0.05)

0.20 ——NFs

—— AFs ab

0-167 —A— CAFs

S 0.12
0.08[

0.04[

I 1 1 1 ]
0 1 2 3 4 5

I a] (e/d)
a;P<0.05,5 NFs tb#;b: P <0.05,5 AFs rbix
B3 MIT 5l 3 AR FHEMMAERKMLE

&1 FCM %aill 3 A A HEAMMBBEARNETN (% 5 x5)

411 G S Hl G 3

NF's 73.76 £7.25 8.24 +2.47 16.33 £4.59
AFs 69.68 £6.92 16.94 £4.77% 13.06 2. 16
CAFs 54.34 £5.85 33.31 £7.90%" 12.35£2.10

a:P <0.05,%5 NFs sb#i;b.P <0.05, 5 AFs pedx

2.4 3 AP et B n B R B AR K R G 89 AL

JH IR 1 cyclin D1 p21"™" fl pS3 {9k I 4, L8 41
2k B4 R L eyelin D1 7E NFs AFs Fil CAFs ({32 354K
AT, AFs Fil CAFs 3k ] 8 5 F NFs (P <0.05) , 7iif p21™"
1 p53 7£ NFs AFs il CAFs 1 /) ik B #ikE A%, 3 40 ik
EZFRAEBZITERE L (P<0.05),

NFs AFs CAFs

p21“““(21>(103)4'm - -
p53(53x103)—»'-

cyclin D1 (32x10°)— -_—— Sna

B—aclin(42X103)M @

400r CINFs

ab
AFs

3001 M cAFs
S
LG}
= 200f
&
fm

a
100+
0 _

p21 p5
A:Western blot #- 25 £ ;B ¥ T 2oL R a:P<0.05,5 NFs
Wedt ;b P <0.05, 55 AFs i

B4 ZTH p21™" cyclin D1 #0 pS3 7£ 3 AR FEMABHEIFRIE

cyelin D1

3 g

TEFLIR R SR 52 BB o, I BT 4 4 i )
RIS IEY UM NP S it S NS R B o IEIN)



F34EH 1M
201241 A 15 H

= E BE R ¥ ¥ MR
J Third Mil Med Univ

Vol. 34, No. 1
Jan. 15 2012 19

AL TR BT AR AS T JAR B 41 4E 40 g, {2 NFs | AFs Fl
CAFs Z [HTEIE A% I IRA BE MR i Mercier
S AR IR TSR 23 B A5 5 CAFs 1EIB 4 4%
NFs B4, 3k CAFs 7EIE A Lk As il g5 3
I RE ST AT G ARG G HAFEZ T, TRETEEA
[FIZH 2V Be r , CAFs A B AT R . AR SE
IS R CAFs SR IE T FLAR AR 414, AW TR
TR 2L B RN RS 1 LRI 0 L2 e o

FN 38 7 3238 T BT 2 4 B AL 2 20 6 i) 20 e
T, A AT A M AR ic Bl 2 — . i
FN A A C AT 440 i 4 B, ABFFE b 3 S it 4 4
HUSAT R AF 95 % 1 4t il Fe ik FIN, F5-UE B B it il 2
RIS S | AT 4 A i B B TR B

ASLIGATI NFs (AFs Fl CAFs 4= 4 il £ F 4 Jifd
SR & B, AT FRAE A B 25 5% . NFs (AFs Fl1 CAFs
FIEGTE ARG N, 240 1 FE 3 S 0 40 LEAR IS K< NFs
HTHZE S, 2 AT R AE G, 15 CAFs 72081 b
MR YA B R, S AN it LU A8 B R 5 AF's
YE R Rl JE B B, 35 B J1 A F NFs 55 CAFs ZJa],
HHEIFIE N CAFs 5595 4i i B W 1) {5 = 9 4%, 38
3ok 4 PR A B S [ RS B AR AR Y A A R
th CAFs i i 43 W 2E K A7 EGF \ TGF-B \IGF , CX-
CLI12 ZF 240 AL 5T, %5 T B B AR K U A 1
HAREMMS . AN SR , 76 FUIE 4 & A4 1
e, Y TGF-B1 7] DAk ik 7 LR b R 40 M 4% ik
S ELA IR R AN, 3l 3 TGF-B1 {5 %5, CAFs 1]
DA B AR BRI A 58 #E75 . Galie 25" 30 UEW]
TESNYIRL T A Il B AR W L L 2 e e s AE & 1k
FE LT 2% 20 6 4 U0 B T A AT 3t M e Ak ok 56 4 AR ) 98
Yiiffl, DA BRI S AE AR FLIRE R A2 b, v fg
AT 1 5 200 B 15 38 000 93 5 358 I 2T 4 4 o %) 5 3
VAAE LR RS B b R A MG AS . AR SIE 56 iE B R 2 4
M 2332 3 L R A0 M g g A, AR 2 R (A 4
YR AR T AH N AR

pS3 F& [ A p21 " B F S O AR 0 i R s
F AR R, pS3 AT G WAF/CIPL 54 5% ik
p2 1™, p21™" W AT LA eyelin D1 3% 44k (1
454 CDK4, 5|2 4 M A5 £ G 3 DA TTT 9] 42 40 i 1 344
g AEBZ p21 R pS3 & IR T, 40 Mk
AIRES T A A A S, W R E eyelin D18 7
A RES SHUMRE & . ARSI & BUAE CAFs Hr 21"
1 pS3 A W3R T, cyclin D1 258 00 B 8 55 5
AN MR A A A L e i A8 I B B B, AR
AEANML AFs AR FNAHE R A8 LA T NFs 5 CAFs 2
], cyclin D1 8 (4 #1508 & F NFs, i p21™" & (1 fil

p533 FEE IR T, #2787 AFs B #i1a] CAFs [1) Rk 5
o BXHER BZLI S LR M T b S B LA 3 A=
B [RIE), 1 Bz 40 i ) B F) s 2T 44 440 1 1 40 e 30 1
KAEMUE . Hawsawi 250 BF5E & B, pS3 & p21™" &
FI7E NFs, FUBRE IR 57 800 B R AT e 40 e 55 CAFs
HH A R Sk 55 4 B 1d B AT 4 A4 i RT RE
RN E RS T, B8 B IG5 R AR
X GAMF TS RAFT

25 b AT A A0 A 0 2 e A L R e R o A 1
R ARA T —E FERE IR o FRATT I 7 L e g A2
fad Fef, AFs R REAR 2 T LRI 7 28 B BE il NFs
B[] CAFs A48 018 I By B, 0 L B 0 e 48 2k
A A4 1 S 5 A dE A A et — 2 i BRI .

SE Lk

[1] Kalluri R, Zeisberg M. Fibroblasts in cancer[ J]. Nat Rev Cancer,
2006, 6(5): 392 -401.

[2] Bhowmick N A, Neilson E G, Moses H L. Stromal fibroblasts in canc-
er initiation and progression[ J |]. Nature, 2004, 432(7015); 332 -
337.

[3] Hartmann L, C, Sellers T A, Frost M H, et al. Benign breast disease and
the risk of breast cancer[ J]. N Engl J Med, 2005, 353(3) ; 229 -237.

[4] Mercier I, Casimiro M C, Wang C, et al. Human breast cancer-associ-
ated fibroblasts ( CAFs) show caveolin-1 downregulation and RB tumor
suppressor functional inactivation; Implications for the response to hor-
monal therapy[ J]. Cancer Biol Ther, 2008, 7(8) . 1212 —1225.

[5] McAnulty R J. Fibroblasts and myofibroblasts; their source, function
and role in disease[ J]. Int J Biochem Cell Biol,, 2007, 39(4) : 666 —
671.

[6] Ostman A, Augsten M. Cancer-associated fibroblasts and tumor
growth--bystanders turning into key players[ J]. Curr Opin Genet Dev,
2009, 19(1) . 67 -73.

[7] Massague J. TGFbeta in Cancer[ J]. Cell, 2008, 134 (2): 215 -
230.

[8] Galie M, Sorrentino C, Montani M, et al. Mammary carcinoma pro-
vides highly tumourigenic and invasive reactive stromal cells[ J]. Car-
cinogenesis, 2005, 26(11) . 1868 - 1878.

[9] Jung Y S, Qian Y , Chen X. Examination of the expanding pathways
for the regulation of p21 expression and activity [ J]. Cell Signal,
2010, 22(7) . 1003 - 1012.

[10] Velasco-Velazquez M A, Li Z, Casimiro M, et al. Examining the role

of cyclin D1 in breast cancer[ J]. Future Oncol, 2011, 7(6) : 753 -
765.

[11] FHe, $8FvhH, T, % HEO SBABMIXT IEC6 Wik ik
N0 R R p53 p21 ! SR A IR TE )] S SR
4%, 2007, 29(4) : 300 -303.

[12] Hawsawi N M, Ghebeh H, Hendrayani S F, et al. Breast carcinoma-
associated fibroblasts and their counterparts display neoplastic-specific
changes[ J]. Cancer Res, 2008, 68(8); 2717 -2725.

(Wr#5:2011-09-14 ;&8 :2011-10-09)

(¥ K 4)



