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B IR AT KT R A 43 3 B ARG PR . R AL FoRCT IR e e R R &
K%, PDGFR AN A A T tafh A mfey KBATEA . ZHIRA F R A K MRC-5%0 0%
FHCMV /5, A48 2 IL0A T 64 48 0. 5% % 2R (cytopathic effect, CPE). $#biR &, REIR KR L
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Growth and Viral Infection of MRC-5 Cells in
A Three-Dimensional Collagen Culture Model

He Bing, Chen Guomin*, Zeng Yi*

(State Key Laboratory of Infection Disease Prevention and Control, National Institute for Viral Disease Control and Prevention,

Chinese Center for Disease Control and Prevention, Beijing 102206, China)

Abstract  In this study, human embryonic lung fibroblasts (MRC-5) were cultured in the three-dimensional
(3D) culture model with rat tail tendon collagen type I as a scaffold. The effects of conventional culture media and
PDGF (platelet-derived growth factor) media on the growth status of MRC-5 cells were investigated in a 3D culture
model. And the effects of the cellular growth status on the surface of 3D collagen matrices with two different
culture media were analyzed. The infection of HCMV (human cytomegalovirus) was observed in the 3D culture
model. The results showed that conventional culture media and PDGF media promoted cells to overlap each other
and formed a multilayer three-dimensional network structure. PDGF media promoted cells to protrude dendritic
extensions at early stage. Conventional culture media helped cells to keep multilayer network structure for longer
time. Furthermore, MRC-5 cells in conventional culture media were contracted into clusters, whereas cell migration
in PDGF media were observed as individual cells. HCMV could induce the cytopathic effect (CPE) of MRC-5 cells
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cultured in 3D collagen. It is possible that the 3D culture model of MRC-5 cells will contribute to cellular biology,

cell morphology and viral infection.
Keywords

cytomegalovirus
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wle BRI A5 mg/mL) H Thermo Fisher
Al 4%Z RPN E LA MBHEERA
Ao A E AR A BRSO BMPA A R BT
T B H (tubulin) B v [ B A4 ) B R B = H A
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Frid 1t 26450 NgG B b 5 A2 &M A P H AR
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TR EWINA245L8 h, BFLINTA300 pL(40 % &y



il Se A =Y B IR A MR C-S A ) AR KRS Ko 3 kg 335

3x10%/4L), B 137 °CH: I 461 §30 min, £7 /R 5B
FRKEEIRE 43 AN LR P FpRE 729K, 4k 41597 T
37 °C. &5% COMIBEFRFET.
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TSP o YHIAE = HE IR IR BS TRk RN Bl A K 224
8+ 24 hitf, FEREFRI, PBSIEPEAN 2K, F:IKS min; il
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A0 . S R GVE R
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3 NN 1 200 PR AR, — i R 7 VR ) 44T
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Y LE & R IR PDGE S 72 b 20 3l A2 K6 his,
T B IR, PBSIE UG, X AL IR AR K
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37 °C. 5% CO M35 FR4H h 4k B85 5 4224 he
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WEMIEA, T37 °C. 5% COMMREFRM I E2 h,
£ B30 min%2 52 $2 5 20K, 2 hJE #MIn 2% FBSH
DMEMZ4EFFI, /3 HIEH4. 5. 64 7. 8 LB R
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FAPBSIHVE L AN LSRR AT I W 20 P s 5
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P IRIERIPBS), 37 °CHi# 45 min, PBSIHYESIX,
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A THYERETR AR N, MRC-5AIMIAE L3 TR APDGE R SR 1 (K1 70 A1 AT A s B: 4B JEUBE Y vhr, MR C-540 i 72 1 FUE R vh &I TR)
JE3& B o3 AT C: 3DIRJERAY i, MRC-540 il /£ PDGF 55 75 Hh 48 A I 8] SRS X 23T
A: the morphology and distribution of MRC-5 cells in conventional culture media and PDGF media on 2D culture plates; B: the morphology and

distribution of MRC-5 cells in conventional culture media in 3D collagen scaffolds; C: the morphology and distribution of MRC-5 cells in PDGF media

in 3D collagen scaffolds.

Bl ZHEEFRAR B = YRR S ZRAMRC-S AR L ZS R 0 1
Fig.1 The morphology and distribution of MRC-5 cells on 2D culture plates and in 3D collagen scaffolds

FI 3 F7 W 1 20 PR B 4 R B R ) = 4 ST AR R 45
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SER, B2 AU EPDGFR; 2 H A K72 h(3 d))s,
YT M 1) = S STAR TS AR IR TS, 4 Mt T 46 0E
s, R I 2 (E1BHIELC).
22 ZHER X R P EERNRE R EIEBRIRTS
Y M B 22 B Z(microfilament) . fil &
(microtubules)Fl 1 [H] £ 4k (intermediate filament) i
B, Ferbis 22 = B 130 2R E (actin) K4 i, BRI AT DA
I RS B A R BE U bR G U A TRITC
Phalloidin¥ric B L) £ 1k [A145 1 S B4 B 7E = 4
R SRS A T S A o A RGNS R T,
24 WG ARG AL T LS i FILG 7 1 48 i s
BEJE B RZRMEAE K, AR AR IE BN =1 %,
PDGFRE IR A 19350 73 4H A ) 52 IR SR, 3687 200
ERKRIL(E2A). 3D EAR R IR 400, I
R 724 hJa, KH o 4 i 52 B T, /D350 4 40 e T
G611 R IE M (EI2B), 8 hJE 41 BZ i 8 i KT 2
MERMFERE, MREEE. AN =AY
HEIE, H oA TAFEBER(E2C). 24 hiaa] WA

JZ T 20 A EL 38 2L = S-S AR U (B2D) . I
PDGF}: 754 hiG, 4HMAR PRIT 4 e i A, TR
R, 2 ORI 58 (K2B); 8 h)E 4l 23U 2R
SE R I 17 D A A A K (2C); 24 hfE g RO,
It BAHH)JZ S TR RS ) (E2D). B2, 7524 hiN
PDGF 5 75 A Z2 H 1 20 i AT Joe Sl e 3ol B PR T 1
PN o
2.3 RIBEREMRC-5HAMAISHTL

127 [E N AN < SCHR[14-15] 1) 26tk b, 455
TSI 56 425 (S B H s AR A1 ), W5 ) 48 A 24K
FENT mg/mLI) R 5 2 1 55 72 I AR KRS etk
FES IR AN PDGF 5 5% VU6 78 3D J& 2 1 A= K i 4m
MRl RE s T ANFRIIAE A . s R i e 4 i
FER R R MY RS, HBEAE £ 7 Al e, JEAE
RS S (B3 A); PDGFRS F7 W U A 1T 40 Jfa 76 Ji
Ji 2T DA AN M 1 77 AT B (E3B)

M AE R R R T AR K6 i, K JER 3 s
TRV APDGFR; FR 4k 4235 7718 hi, 4 i 2R
SR HEAR Sy B A0 oy A e, 1 AR B 4 R R
Fr V1 248 T ATy 5 3 SR B IR A (BI4A) . 55— U THI,
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A TYERFFRAE R, MRC-SAH LAY WAL H AU FR A PDGF R 753 2 K24 h; B C. D: 43 1 & 75 MR C-54H iU 78 = 25 I JR 5L 7 N 9 5 4+ 8. 24 h.
RN, ALt R E A, oA

A: MRC-5 cells were incubated for 24 h in conventional culture media and PDGF media on 2D culture plates, respectively; B,C,D: MRC-5 cells incubated

PDGF

E

PDGF
. |
. I

for 4, 8, 24 h in two media mentioned above in 3D collagen scaffolds, respectively. Green represented microtubules positive, actin was shown in red
while nuclei were blue.

B2 ETHERFNEMZHRERTMENE. NEEBMNERRKTES

Fig.2 Microtubules and actins on 2D culture plates and in 3D collagen scaffolds

@ (B)

;

AR TR AR HEMR C-5 20 i 7 3D I I 3R TH S 45 B: PDGF 577 A1) T-MRC-5 20 M #5 3D 5 22 1] A SN A 7 kAT IT R A 22
A: conventional culture media promoted the contraction of MRC-5 cells into clusters on 3D collagen scaffolds; B: PDGF media promoted the MRC-5
cell migration as individual cells on 3D collagen scaffolds.

E3 EREFRIBHMAEREMPDGFIEFRITHMAT

Fig.3 Clustering in conventional culture media and cell migration in PDGF media
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A: MRC-54HMLAE 1 mg/mL i = 4E R SR T AR A, AN RURE 7R 776 h, Bl 5 5720 HIPBSHBEAN M, 73 AN H RS I MR PDGF B 77 i 4k 452
}43%18 h; B: S IIPDGFH; 7533 776 h, Bl 5 32 % FIPBSTH eI ML, 235 I NPDGF 5 F% MUR i AL TR i 4% S5 77 18 he dllAU3% 776 hAN24 hit, #f
AFATRITC Phalloidinbric Actin(£1€4), DAPIA Jedil futZ (15 (), AUHLAE 5 HUET I8 FIPDGF 5 JR I T &S ] Rk A2 i #%

A: MRC-5 cells were cultured for an initial period of 6 h on 1 mg/mL collagen matrices in conventional culture media. Subsequently, the samples were
rinsed with PBS and placed into conventional culture media and PDGF media as indicated for an additional 18 h. B: MRC-5 cells were cultured for
an initial period of 6 h PDGF media. Subsequently, the samples were rinsed with PBS and placed into conventional culture media and PDGF media
as indicated for an additional 18 h. At the end of the initial 6 h period and after 24 h, samples were fixed and stained for actin (red) and nuclei (blue).
Cellular morphogenetic movement in PDGF and conventional culture media was reversible.

El4 ARSI HAIRTE M

Fig.4 Reversibility of cellular morphogenetic movement

Control Day 4 Day 5 Day 6 Day 7 Day 8

wn
g ¥
S5
o
£ $
TEHCM VIS = 2[5 7 N FIMRC-540 L )5, 554 d22 258 AN IR A8, X IR A1 AR 77555 dIMRC-541 i

The cytopathic effect of MRC-5 cells infected with HCMV from day 4 to day 8 in 3D collagen scaffolds, the MRC-5 cells cultured in 3D collagen on

the Sth day were as control group.
E5 HCMVEEMRC-S4MAHREIER
Fig.5 The cytopathic effect of MRC-5 cells infected with HCMV

AR IR IR T A 16 hitk, H5 R MIPDGFES R 356 diEAT AR S e DOkl B6R R 148 =4k
O TR AR SR 15 718 hm, LU IEIE R R AT IR MR C-540 il /L HCM VIR 55 )5, T
WA AR A N R R AR, TR EHPDGE B U BIRIER L.

B IRV A0 L ATS R LA A 4 i T At AT I RS A

(Kl4B), 3 1ie
24 ZHRIR-MRC-SHAE IR N AT E 4 S5 AR g R T 4 ) £ 1
il At FRAULGET B IHLE. H A, B AT S R AT 4

= YRR JFE SO EE N B A AR Y HCM VIR 554 d U = YESE IR B SO F A BN R IR &
B, W T FR AT PDGFRE 77 H 140 JRLIZ 8 46 H Big (polyethylene terephthalate, PET). 442 %
L4 {995 A8 R4 (cytopathic effect, CPE), J5 48 A 41 il FL 37 %2 (electrospun porous scaffolds). 4H g b 3 i
AR B, PetER SR, S AAEARERER; 55 d, (extracellular matrix, ECM)FIZJii (collagen) 55 71,
21 ff 50 246 S0 B 55 SR 6 AN ERT d, CPEIA B ide(F&lS). T LA 5 A S AL R (1 = 4EMRC-54H fif 55 77 155 7
WRHIEMRC-54H M 2 e (R FE B2, I B B ik g e B SRR IR IE R D, H 2 NI REI8 = i, RSk
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Control

FBS

200 pm

PDGF

200 pm

HCMV

200 pm

200 pm

ZHYEIE AR N MR C-S A HCM VA 25 i, 556 A BRI RIE TR 0L X IR NG 37556 dAIMRC-54ME .
HCMYV antigen expression in MRC-5 cells cultured in 3D collagen scaffolds on the 6th day. The MRC-5 cells cultured in 3D collagen on the 6th day were

as control.

Ele HCMVERHERRETAEMETR
Fig.6 Indirect immunofluorescent test of HCMV
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LI TR N BIRAS o XA LA PR 4t A2 217
(1A= BEAG 35 S L s, LR AN AR AS . 40 P 3 5

I ANRRAT A LA R 4 R B RN A B AU, [ A
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R R R T R T A K I BT RsK T A 4, BLAR R
£ Yk 20 AR B S S B 5K D 41 4, (AR 18
A YA R P AR AE 5K I 4 4EP . MRC-541 i 7
PDGFE: TR A PE T, 4l LA/ 4 e o QA7 3E
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