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A new method for extracting adult mouse cardiac fibroblasts more efficiently and
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LI Xianlong' , YANG Jianling'® , WANG Yan'®

(1. Institute of Medical Innovation and Research, Peking University Third Hospital, Beijing 100191, China; 2. Depart-
ment of Endocrinology, The Eighth People’s Hospital of Jinan, Jinan 271100, China)

ABSTRACT Objective: Cardiac fibroblasts (CFs) play a central role in myocardial remodeling and fi-
brosis. Efficient isolation of CFs is a prerequisite for investigating related mechanisms. However, current
methods for isolating primary adult mouse CFs suffer from prolonged processing time, low yield, and poor
viability. This study aims to establish a rapid, high-yield, and stable isolation protocol for adult mouse
CFs by optimizing the synergistic effect of enzymatic digestion and mechanical dissociation parameters.
Methods: Using the gentleMACS® Octo Dissociator with Heaters, we selected different types and con-
centrations of collagenase, trypsin, and nuclease as the enzymatic digestion system for CFs extraction.
We explored the optimal extraction conditions and compared the results with the commercial Multi Tissue
Dissociation Kit 2. The cell yield was quantified using a high-content imaging analysis system by counting
the number of adherent cells per field after 72 h of culture. The CFs purity was assessed using immuno-
fluorescence staining for vimentin. The trans-differentiation activity of the CFs was evaluated with trans-
forming growth factor 31 (TGF-B1). Results: Omitting any component of the digestion solution ( colla-
genase [[/IV, trypsin or DNase [ ), significantly prolonged extraction time and reduced cell yield. In
contrast, the optimized protocol outperformed the commercial kit, reducing digestion time by 32.2 min
and significantly increasing cell yield, and with comparable obtained CFs purity. After TGF-B1 stimula-
tion, CFs exhibited enhanced proliferative capacity and upregulated expression of a-smooth muscle actin
(a-SMA), collagen type I (Col I ), and fibronectin (FN), confirming the differentiation potential of
CFs isolated via the optimized method. Conclusion: This study systematically optimized an enzymatic di-
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gestion method combining collagenase, trypsin, and nuclease in conjunction with mechanical dissociation
using a tissue dissociator, leading to the efficient and stable isolation of adult mouse CFs. By fine-tuning
enzyme concentrations and digestion conditions, we successfully reduced processing time, improved cell
yield, and enhanced cell viability compared with conventional isolation methods. These findings validate
the physiological relevance of the isolated CFs and demonstrate that the optimized protocol provides a
reliable and reproducible method for studying myocardial fibrosis and remodeling. This protocol can serve
as a valuable tool for researchers investigating CFs biology and its role in cardiovascular diseases.

KEY WORDS Mice; Cardiac fibroblasts; Primary cell culture; Tissue dissociation
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( phosphate buffered saline, PBS, SH30256. 01) ) H
Hyclone ( 3¢ [ ) , J¢ 25 (1 i (T8150 ) , i J5t /g I
(C8150 )., Jit J&t M IV ( C8160 ) . Hoechst 33342
(C0031 ) FNLL 40 g 24 i 8 (R1010) g [ Solarbio (
), DNase I (D5025) 1 1 LABLEAD( FP =) , 4y
HEFH SRR & CCK-8(CKO4) Ity [ DOJINDO
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| TGF-B1,CK33) Iy [ 37 A2 BB AT B 7 (ofr )
Multi Tissue Dissociation Kit 2 (#130-110-203) 4 H
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CFs P45

4 CSTBL/6 /N U 4L FE, ] 75% (R 43
H0) CWEFE WP R R B K, WU O IS H
AT TV 1Y 2% (RFVG 850 $ii4 R -PBS i, J
SLRYECIE 4 ~ 5 U, BRECIE, GnSR IR 2 , AT
FI#i¥ PBS k.

I ZHZUP A 2.5 mL JE Ak B (i B8R i LI
Jirifi 11/ IV S DNase 1 Fi¢ B8 — 2 W B 5 T JC 1LY
il DMEM rhifil i) B 2H U6 3 H 4L 25 4 b
I ¥ H g A gentleMACS® Octo Dissociator with
Heaters,, iz fT4ERI B AL BT (1)37 C
on; (2)Ramp 0 r/min, 5 min; (3) Loop x2;(4)Ramp
200 r/min, 2 s;(5)Ramp -200 r/min, 2 s;(6) End-
loop; (7) Loop x3;(8) Spin ramp —500 r/min, 2 s;
(9) Spin ramp 500 t/min, 3 s; (10) Endloop; (11)
Loop x3; (12) Ramp -200 r/min, 2 s; (13 ) Ramp
200 r/min, 3 s; (14) Endloop; (15) End, F&FiafT
—42y5.5 min, FERRFIE T4 O fifR g 8 f b
B S 20% (1AF53%0) FBS-DMEM #5375t
ARSL 10 B AR AU I AGET I ARG, A DL AP BE,
HEHAZUE S 42 (AR 32 14 A0 T 1L 1Y 52
M) ) o

WS Y A R 1 000 r/min .00 5 min, F
2 BHW, ZJE A MITRE R A 2 ~ 3 mL ZL40 /i
2L, F 2 min, SRS AN 10 mL PBS #EA7iE T,
1.000 r/min B§.0> 5 min, I ISCER B 200 M IC UE B R
J5AR CFs, J] 10% (1A 53 %) FBS-DMEM 5 57 Bt
FORANM, T 4R 15 9%, 24 h 5 O gs . K4 Hol
JIFE 118 200 e T X Al i 81 7S P LA B AL e AR B
BT
1.3 MBS EYEE CFs Al

H P1 AR CFs MEPOIRIE IR, 24 h 5 4%
(RT3 H) 22 5 WV W 28 1L 1 7€ 20 min, PBS i
UE3 W 0.2% (IRF340) Triton X-100 2 iR 5% &
5 min, PBS 3506 3 W, ISR IREH 1 h )5,
filA anti-vimentin(1 : 100) ,4 CH¢F 7% . PBS i
e 3 UL AT S Alexa Fluor 488 (1 : 200) , %
TEDEIEE 1 h, PBS THBE3 U, A DAPT Jed% 7E
VESE I ABTEE K B Fr 0], e TR U8 20 B &R g2 4h
T

1.4 g seas

H P1AX CFs L3 000 A/ AL #Y % BEFHE] 96 L
AR TR AR, S BN I 9 (R DMEM
AL UK 24 b 3EE A S IN TGF-B1(10 pg/
L)BFH 48 ho e gl gk, S LA S 10% (&
L) CCK-8 WyIEFR5E, hEiF E 2 h, Z e HZ
IRemER AR I 450 nm Kb (Y0 %5 BE R T 4T L3
3T
1.5 RNA 421 ¥ % 58 qPCR

JH Trizol 4% Bt 25 :f TGF-B1 4k 3 5 1Y CFs &
RNA, Ht1 wg RNA Hi#) & HiScript I RT Super-
Mix for qPCR %% s Ji cDNA SR 5 FH S 5 E it
PCR ( quantitative real-time PCR, qPCR) &7 & Taq
Pro Universal SYBR qPCR Master Mix £ il Py 2 5L [H
GAPDH F1H g3 [H a-SMA (Acta2) . Col 1( Collal)
FN(Fnl) ) RNA /K-, qPCR 515510 1,

&1 qPCR 51751
Table 1 Sequences of the primers for qPCR

Name Primer sequence (5" -3")

Forward; AGGTCGGTGTGAACGGATTTG

GAPDH Reverse: TGTAGACCATGTAGTTGAGGTCAA

Forward; CTTCCAGCCATCTTTCATTGG

a-SMA Reverse: GTTCTGGAGGGGCAATGAT
o1 Forward: CCTCAGGGTATTGCTGGACAAC

0 Reverse: CAGAAGGACCTTGTTTGCCAGG
. Forward: CCGGTGGCTGTCAGTCAGA

Reverse; CCGTTCCCACTGCTGATTTATC

qPCR, quantitative real-time PCR; a-SMA, a-smooth muscle ac-
tiny Col I , collagen type | ; FN, fibronectin.

1.6 Western blot

FHEA H 000 09 RIPA 24 fige i 24 i 2
TGF-B1 Ab 3 J5 CFs, $2 HUR R FH, v bk T iR v
Eg)5F, 30 g 47 Western blot 3255, H 10%
(A5 %0) SDS-PAGE HL K , 1| FH 1% 7% 123 7 22 R A
TR (polyvinylidene fluoride, PVDF fi) , =I5
B h 5,55 MA—Ht[ «-SMA(1 : 3000) .Col |
(1:1000) FN(1:1000) 1 B-actin(1 : 5 000)],
4 CHER I . TBST VL 3 ¥, A B A AL )
PRI A 1L T /7ML TgG(H + L) (1 2 3 000) 2
I9FE 1 h, TBST 0L 3 W, fli] GeneSys ECL fk
FROGERGE
1.7 Seiteeirtr

K H GraphPad Prism 8 #4748 it 7,
FFE R I3 1B AR = AR 22 2R R IERS
S3ATRY T BERE DL A 6 B (R IME, R 1) RO
Z A A LR FH R 3R 7 2253 sl AR S8R
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P <0.05 AZEFAGIE L.
2 HR

2.1 g5 I/ IV e F G A DNase T 42 BUSARE
/IR CFs

H ST — B R AR IO 2, ABF R AR T 4
H ZhZH 2N IR R RTSE T, RHE AL Le AT 01k
LT I AN S ] 5 T T 20 i ) 32 42 LA K D
/U PRI 200 T R ) DNA S BRI RG I , SI256 4 18
FH e JEL it  J5 1 A1 DNase T JEATECAIL. PR e Ji il
I AR It IV X ml ol f B 200 B, B S X
ol 52 D %) el FHAICR , SI2 9 4 2H K0 Al g e {1 D 3R
2,

PR e S 0 el FHAICR R (3R3) , st 1
Sl VG  B T AL AR ], 10 22
min; 35 FRF] 72 b, AN YL 5, T R N R UR r
Pr RGBT GETE o0 A, BELEE IR 13 S HLEF , 10 5%
T A A AR5, PR s B 5 T A T2 1)

AT R 2 WA et 2 T8 L [479 (419/653) vs.
474 (435/669), P>0.05 ], [HIt, ABFFEHERE I
il I oA PEAd, JF XA PR EA T 0 2 (3R 4) o

F2RIEEG I SIIERE VIS LB R

Table 2 Formulation conditions for collagenase Il and IV combination

Enzyme concentrations  Collagenase Il group Collagenase IV group

Collagenase Il /(g/L) 1.2 -
Collagenase IV/(g/L) - 1.2
Trypsin/ (/L) 0.8 0.8
DNase | /(g/L) 0.2 0.2
Red blood cell lysis + +

R3O I SKIERE VKRG THLEBOR LR

Table 3 Combined collagenase I and IV digestion efficacy comparison

Cell yield ( cell number/field) ,

Group Digestion time/min median ( minimum, maximum )
Collagenase I 22 479 (419, 653)
Collagenase IV 22 474 (435, 669)

R4 ORFELUN LA

Table 4 Treatment conditions for different groups

Enzyme concentrations Optimized group  No collagenase group

No trypsin group

No DNase [ group No red blood cell lysis group

Collagenase T/ (g/L) 1.2 -
Trypsin/ (/L) 0.8 0.8
DNase [ /(g/L) 0.2 0.2
Red blood cell lysis + +

1.2 1.2 1.2
- 0.8 0.8
0.2 - 0.2
+ + -

SRR BRI 6 JRI /0N BRUE o T A 5 T
fe5e 4, AN E AL BRAH 22 18] B T AL IS 25 S A e i
HX(P=0.005), Lkl i V-2 ikt 23. 8
min, 52 EER R AU L, 48 T 5.5 ~ 16,5 min
(B TA), o, 5o i A 4% 1 16,5 min,
ZERAGFE L

FEFR3) 72 h AT A0 M A% G 00, B A BE B I
20 ~30 MLE ST A AR (BT 1B) |, 4525R BoR Al
X TR 2H , DA ZH - 1 g 1A BT v A 200 i 5
B34 Z A B A0 A5 3 L A ZH 3G 1 1. 33 ~
10.6 15, HAb A48 5 2 %0 coefficient of varia-
tion, CV){E K 0. 11, JC it I i 40 | JC Jge 2 11 g2 . T
R EFZ Y CV (B4 5124 0. 62 .0. 46 F10.23, it
AT UL AR A ZE P RS PR LA DRIt , 5 2 R
FLIA A IR AR 0 i B A AR, e iy TL/IV
JBEEE I A DNase | — 0] o YRR LLA Mt 2
F, DU 38 T SR A 2T A L ) H A
2.2 e T T AR A 4 HOAS 3R Y 5E e

TEAf 2 TH A T 1) Tl e ) 0, FRATTRT Tl 1 ok i

BEAT THRE, I3RS SR AN S R

RS AUIHAREUE KA

Table 5 Concentration of digestive enzymes and treatment
condition in each group

. Optimized 0.5 x concentration 2 X concentration
Enzyme concentrations

group group group
Collagenase II/ (g/L) 1.2 0.6 2.4
Trypsin/ (g/L) 0.8 0.4 1.6
DNase [ /(g/L) 0.2 0.1 0.4
Red blood cell lysis + + +

SLIA RN YRR R ZE —F (0.5 x ) I, 4%
— N Bl O JEE PR 25 T A 58 A O T ALy 23. 8 min
JECZE 29.3 min, YEEAR R R 2 /75 (2 x ) I,
TR S) 16.5 min, 25 A G AR (81 24) o

FigR 72 h 5, MR R ER A SRR
SR BB AN IR 0.5 x WeEEZH Y 3. 14 4%
(P <0.01), 2 x ¥fe i 21 f) 4 WL 5T 40 Jf0 &5 L Ot Ak 21
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WA T 35.9% (P <0.05,& 2B .C,&3), HIt,7E

PEACLL Rl I, ZEORFERT B0 A A5 50 ST, Ky

g e e 4 v 2 2 A

2.3 RACALRGAR 7 52 00 TH AL [R] RN 20 A5 R
Multi Tissue Dissociation Kit 2 2w 2l

FH 0% v 35 At g A/ B DR R R AR B AR

FER LA LR B 7 28 0T 18— FUNBUOIE, 5%
B EE ST OB, 12000 & B R 181 5, 5 P I
56 min, AEALZH BT 4% T 32.2 min( & 3A) , 5%
F2 72 h J5 , Yol dd Bl B A0 i A LR & A 2
54.5% (P <0.01,[& 3B.C) , itk , AHIFSE J7 i 42
B AT Multi Tissue Dissociation Kit 2,

A it ¥ COptimizedierop E = Optimized group
50 o 4 No collagenase group 800 r HHHH v+ No collagenase group
= % v No trypsin group :‘; = + No trypsin group
\% 40 | Ala = No DNase I group ‘—E 600 k- iL e No DNase [ group
g =8 = No red blood cell
: 30F viv| [mim = % lysis group
5= o[e E A Hok T
2 204 :
5‘9 10 | § 200 ek Iv?ﬁ‘
a z
Collagenase I + - + + Collagenase Il + -+ + +
Trypsin + v - Trypsin + + - + +
DNase I + + DNase ] + + + - +
Red blood cell lysis + + + + -

A, comparison of digestion time among multiple treatment groups (n =3) ; B, quantification of viable cells isolated using different methods following 72-

hour culture (n=3).
comparisons.

#* P<0.05, %% P<0.0l, #%% P<0.001, optimized group vs. other groups; ### P <0.001, #### P <0.000 1, multiple

A4 LT A I 200 a5 AR M 0 LEEY ) 9 Le A

Figure 1 Comparison of digestion time and cell yield ( cell number/field)

A B
40 - #
8=
g 30 0.5 x
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= 20 ©
4
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o
a
0
&
e&‘ 3 2 x
¢ Q c
(o‘\ concenlration
Qg>+ qj’c group

C
1500F .
e
= %
£1000
,;f.‘
T
=
. S 500
2 o
20010 Y echst 33342 <
Z
0
&
N
,,‘ZQ \\\
QQ\\L
ol q‘i‘L

200 fum

Hoechst 33342

A, comparison of digestion time among the optimized group, 0.5 x and 2 X enzyme concentration group (n=3); B and C, after incubation for 72 h,
the cells were photographed and analyzed by Operetta CLS High Content Imaging Analysis System ( x 10), and the number of cells in each field was

counted (n=3).

#* P<0.05, % P<0.01, optimized group vs. other groups; # P <0.05, ## P <0.01, multiple comparisons.

2 UARZH 0.5 x MR BELLIRN 2 x W SZ L T AL T A AN A (2 e/ HLEF ) A Ll

Figure 2 Comparison of digestion time and cell yield ( cell number/field) among the optimized group, 0.5 x and 2 x enzyme concentration group

2.4 UACAIBER T SRR CFs 4
AL AR B IR 24 h )5, WA T
BRI REA B 22 G BE | b 3 R BR SR f Rtk
A, WBE PR 200 OB ML I 5 72 b ) 20 M A P O
PR , B A1, R R R A .
BIEE FIE CFs B SAPEAR 5001, A BESE
B RPE SO AG TN 20 h POE HE H R R IK, W 0 ¢

UL (LS SER SR (FRIN ) B S = B T I
DA R G 4 A0 BT Y 40 i 8 R R IR SR
ENEHRIE R 5 534 (2 436/14 125) vs. 5 670(1 687/
16 681) , FAVEAIMIZE N 100.00% (98. 88% /100. 00% )
vs. 100.00% (100. 00% /100. 00% ) , Wi Ft J7 1 $ Bt
[ CFs SR s | 25 S I A o2 75 3 (181 4A ~
C)o
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Digestive duration/min

B (
s Optimized

Or = = 8001 group
‘._'%
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a0k i
T o)
£ 400 200m yicohish 33345

20} <
< 200
=

0 i .k

S N 0 Commercial
& . 6}& kit group

& @

> S

O e‘é Q'\&
~

& s 200 it poe ot 33342
& $©

A, comparison of digestion time between the optimized group and the commercial kit group (n =3, ##%% P <0.0001); B, after 72 h of incubation,
the cell yield of the optimized group and the commercial kit group was analyzed (n =3, %% P <0.01); C, the obtained cells were photographed and
analyzed by Operetta CLS High Content Imaging Analysis System ( x 10).

B3 oibd Siam] & A A SR 20 A5 2 (A0 AT ) 1Y He A

Figure 3 Comparison of digestion time and cell yield ( cell number/field) between the optimized group and commercial kit group

Optimized
group

o b
a . 4
.

200F m

DAPI
=] ~ ns
£ 20000 ~ s C 120 ~
<
£ - & 100 F
Z 15000 =
= £ 80+
§ 10 000 -; 60 F
s % 40 |
g 5000 | e
é g 20 +
g B s L v
O oW 5 oo O
el © AV e e\ O '\\\\\0
R ot R ot
ov ¢ 0“\«\? ov o

A, immunofluorescence analysis of vimentin expression in CFs. Vimentin protein levels in CFs were assessed by immunofluorescence staining, with rep-
resentative images captured using a high-content screening (HCS) system at 20 X magnification. B, quantitative comparison of vimentin fluorescence in-
tensity. Randomly selected microscopic fields (n =20 per group) with comparable cellular densities were subjected to HCS-based fluorescence quantifica-
tion. No statistically significant intergroup differences were observed in vimentin intensity profiles (P >0.05). C, threshold-based vimentin-positive cell
analysis. The percentage of DAPI ( + ) nuclei exhibiting vimentin fluorescence intensities exceeding 2 000 was calculated for each field. This threshold
analysis revealed comparable proportions of vimentin ( + ) cells between experimental groups (P >0.05). CFs, cardiac fibroblasts; ns, no significance.

B4 OLfsi S50 & I CFs BAlBE LA

Figure 4 Comparison of CFs purity between the optimized group and the commercial kit group
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2.5 TGF-1 FF s AL $EHUY CFs 434k
T HE

AL By CFs £ TGF-B1 i34 48 h J5 , 3%
B fE ST SR (P <0.01, & 5A) , «-SMA  Col 1
HEN 7528 AT mRNA JKF (19 K3k 5 34 W35 T 5

(EI5B ~D) ,#&/R CFs fEA 4G ag . AT
LU CFs #3405 , a-SMA [ Col 1 Fi1 FN & 11
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A, after stimulation with TGF-B1, the viability of P1 generation CFs was evaluated through the CCK-8 assay (n=4); B and C, the protein expression
levels of Col I , a-SMA and FN were analyzed by Western blotting; D, the mRNA levels of Col I , a-SMA and FN were detected by qPCR (n=3).
* P<0.05, %% P<0.0l, %% P<0.001, *%%% P<0.000 1. CFs, cardiac fibroblasts; TGF-B1, transforming growth factor B1; a-SMA, a-
smooth muscle actinj Col I , collagen type I ; FN, fibronectin; qPCR, quantitative real-time PCR.
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Figure 5 Evaluation of the trans-differentiation ability of CFs after TGF-B1 treatment
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