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Matrix stiffness regulates cell uptake of nanoparticlesin 2D and 3D
cultures of breast cancer cells
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Abstract: Fluorescent polystyrene nanospheres (PS) were used to explore the impact of substrate stiffness
on cell uptake of nanoparticles in the breast cancer cells. Polyacrylamide (PAA) gels with varying stiffness
were prepared by photopolymerization, and type | rat tail collagen was covalently conjugated on the surface of
PAA gelsto facilitate cell adhesion. Type | rat tail collagen was also used to fabricate collagen gels for 3D cell
culture. Cells of human breast cancer cell line MCF-7 were incubated in the 2D culture on PAA gels and 3D
culture within collagen gels. Next, nanospheres of 20 nm and 50 nm polystyrene were applied to MCF-7 cells
in the 2D or 3D cultures. Cell morphology and uptake efficiency were observed with confocal microscopy.
Our study demonstrates that substrate stiffness differentially regulated the cell morphology as well as the cell
uptake behavior of polystyrene nanospheresin MCF-7 cells under 2D or 3D culture conditions.
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W, T R KSR R IR N 1% K KR,
IR HPE 30 mine FHMLKM eI 3K, FHIK
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F11-2959 ¥k, WAE 3 min, 78R4, B PAA R
180 pL ¥ T4iA B ORI A FHRE S s
R, RS T RS (80w, HK
365 nm, (Al 6 min). Kl 45 L7 PAA gel #4200

AL FR A, 2K B R, # £l Eh,

75% L EEIRIESE 2 min, LW HEPES &k 2 1K,
#£ PAA gel i 0.5 mg-mL ™ Sulfo-SANPAH ik
250 uL, KAMES (h% 80 W, P& 365 nm, A
5min), f HEPESAWME 235k R MR, FER F—
AARAE B PAA gel #8255 24 LR, 10.1mg-mL™?
BR300 ub, 4 CREGIERIRL, N4 R H
JCWE PBSTEUE 33, IE EUPUIAR, MRS K
1h, ORAFT 4 °C 4P 4 1T F 48 41 K B 30 min, PBS
TEVE 3R, A e FR AT 37 CHEE 30 min 5,
BN B A K H) MCF-7 4, @3 & M5 VA H AL,
i) BB B R, LA 8x10% AN/ 40 B B A T
PAA gel b, FRrafiffa G BE 2R K 24 h f5 AT 3E4T f5 2505
(N

Tablel Theformulaof polyacrylamide (PAA) gel

Formula 50% (w/v) 2% (Wiv) 0.5%
Acrylamide/pL Bisacrylamide/pL 1-2959/uL
Soft 100 100 800
Stiff 400 100 500

PAA gel MIREBERIE @ 30 & B BT X
(DMA) 52 il % 1) PAA gel FORERE . 15 %%, #48 b
WRALTT T 24 FUB AN 2 mL 5 TR Jas Tk e 7 ¥ ) %
PAA gel, ¥R Tk, FHAESHEIK 24 h,
BEAT DMA PR, WA Z: 1 Hz, AR BAE
20 mm (CRFFRSG: FATIR); RIARTEHE: 0.01%~20%

(WIG6 AR HH8); D A DR e 7 ) — R A% if 4% 1 7
JEHE: 0.01%~10%; I8P =ik fi o ARHE 75 i
H-NAR A IR, SRFAE LTS PAA gel BI# IR
P (E) K/

PAA gl REEHSERNE PAA gel KA
AT A A, ARTCik B A . Rk, TAE
HEmaI N EEA, NS 2 At B4 AT .
FH T R A/ R 5 B 1 B e 4 PR ) AR ) AT R B
P AN, 75X AN [ A RE PAA gel 454 & A kT
SE = E, DUATRIEA FIRERE PAA gel B3t phidEsm
HHE—H, UBedH TEROEASEA—BX G
SRSpIg s PR AT . AR BCA kTR
wEOEENE, BAREEWTT: 7896 FLiH, &L
A 20 pL ikl ZepE dh, & FLINA 160 ub BCA T.1E
W, TE3A PAA gel 19 24 FLACH &R FLINA PBS 80 pL
ATTAEW 640 pL, 37 CHEHE 2 ho AHAEER,
FRACI 5E AR (Amax 562 nmY), AR$ b o il 25 1155
HATE.

3D S FERMEIE @ | BRER
JER A B o) 4% S [ B ) 3D M % 35 L i . (R VKIS 4%
PR, RRIER 2 FTidiElE, MASHSERT
1.5mL EP &, WJiE 3min, AR SHIA] . BUW
HAEKIAR MCF-7 4, i w8 72 4k, ik
PN E R, A A = T 1<10° A4S R4
VK 83.5 pL A FRIR A AR IR A5, SRIE 5
AL 150 pl R EBUMA LR/ L, T 37 C4 i
BRI E 30 min, RS, DN 1 mL A 5E
R TR T EE R R AR SR IR, BRI

Table2 Theformulaof collagen gel
01mol-L™" 4%NaOH H,0

.0Lmol-L”" Coll
Formula 0.01 mo Collagen

PBS/uL JuL /uL PBS/uL JuL
Soft 50 1.25 218.75 84 62.5
Stiff 50 25 155 84 125

REZHERANKIKMIBUMRRIE @B
JGHRLEE 43 BT AN 78 7 ol 5 2 200 8 S 0 K BRI T 11
KLARAN & R

MpmFUHIRANENER (F-actin) & 1541
A K se NG HET PAA gel A1 collagen gel H i RS [
BEIR AL, FHTURR) PBSTEVRAIM 2 K, 4% £ 5% H ik
FE 41 20 min J5 A0 100 pL 0.5% Triton
X-100 S+ 40 f 4T FL 55 3%E 10 min, DAfEGeRlEEN . 4R
JE F % 1% BSA ) PBS = i 5 41 30 min, DLk
G XS SEEIE ) T, TS R, A PBS
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Figure 3 Size distributions of polystyrene nanospheres. DLS

measurement shows average size distributions of about 20 nm

and 50 nm polystyrene nanospheres (A and B)
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Y 2 2RERIE, RAEAEK (B 5A), 4% AR A
M AR /N (B 5B, C), BB 3D #FR&M T, B
{10 J5¢ J5 8 fie 6 Jot B 42 3 T A BRLPE A AR K L 2 D) %
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st R, 7E PAA gel b, A KIERFIET 1040 i
Xof PR IR A2 K /N TR 2R 205 8 o 40 DK K 1 458 o 4 Y
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Figure 4 Morphological characterizations and cell uptake efficiency of MCF-7 on PAA gel substrates of varying stiffness (1 kPa and

25 kPa). A: Cell cytoskeleton: F-actin (red).
(n=5). Spreading area of the cell nuclei (n=30).

Nuclei: DAPI (blue).

Polystyrene nanospheres (PS, green). B: Scale bar is 20 um

C: Spreading area of cells on PAA gel substrates of varying stiffness (n= 30).

D: Normalized fluorescence intensity to cell number. Fluorescence intensity was determined using semi-quantitative analysis using

Image J software.  Control was without PS treatment.

‘P<0.05
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Figure 5 Morphological characterizations and cell uptake efficiency of MCF-7 in collagen gel substrates of varying stiffness (100 Pa

and 1 kPa). A: Cell cytoskeleton: F-actin (red).
(n=5). B: Spreading area of the cell nuclei (n=30).

Nuclei: DAPI (blue).

Polystyrene nanospheres (PS, green). Scale bar is 20 pm

C: Spreading area of cellsin collagen gel substrates of varying stiffness ( n= 30).

D: Normalized fluorescence intensity to cell number. Fluorescence intensity was determined using semi-quantitative analysis using

Image J software. Control was without PS treatment. "P<0.05

0 0 I X 2 0/, 3 B A e Ol 4 K 3K ) £ B A
ZEF AR (K 4A, D).

7F 3D REFRAI4NR R, 20 M AR AN K b i) 4 R
5 PAA gel RS, BIAE KRB R4
Xof R ol R 4% K /N 1 SR R 200 e 6 9 K BR 1 R B =
BREm T ARKAMER F R4 (P<0.05), JfH
R (~100 Pa), 48Xt kiie KA 20 nm
BRI O OO K BR S L& L 2 TR N
50 nm IR 99K ER (P <0.05), T 7EAH XS
ML (1 KPa) (14 4t % 5 P AN [R) K/ R 2R &
1RO PK BRI I E R A R EEZE R (P> 0.05)
(K 5A, D). X g 5l Bt B 45 H A 0%, B RE K
collagen gel HAZERALARERE &, it E0%, WESLE
BN, P RRORLAR R /N I 5 e g K BR A o FL BB B
collagen gel W EIR /D, KA K AE collagen gel
PR S8 P 24 i 5% BB A0 A 0 AR, 5 B M R D g oK
BRI R ZE R A E (K 5A, D). XFAR4IERE
Fr 5L R e B T A EE XoF 24 45 ) AR B A A T
BB

e

AWFFRAE T 2D A1 3D 4HIEFRRERL, ERT AT
R B 2D B 3D 4R SR, 18R —fF
FEFEJR b, 4R LA K /N 20 nm 5 40K BR (1)
HIEE T 50 nm. £ 2D 40 m b, 4i
6 1) - 6 R (0 6 5 AR K, 40 A% R At T R K
TR SR ) 4 B LR 3 5 1 AN i X SR R 2
PECHK BRIV R HCE & TR R e . A, 1E
3D KEFRAMT, AMMRAER R B LT R, 4H
R A% R0 i T R R O A S R A e, LA R
IR 5 ¢ 6 4 K BRI H A e T R ) R R
2 WY A AR K (1 77 2 IR X 40 i 1) TR 25 RN Th g R AR
TR . HHAIE R Y 3D gk IR A LT
2D 4 f ks 77 5 R A TR AT HUHEAT 250 R 9 AMTEAY . 2
e, ARSI T B 7 2 R R 0 A R Y 4 R 44K
HF B H AT R T E B S AR YR, R h 4h
DK 1) 350 75 A P 1R A R0 B AR L T 3T R T A L B T
FETTE o T/ R 24 P 5 57 ABE 7Y e ke o Rl 2 %o &4 i 155
B R HURBE A 7 Tk — B IR AN AL
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