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Preparation of Immune Cells from Mouse Intestinal Lamina Propria
and Establishment of Multi-Parameter Flow Cytometry Panel

ZHANG miaomiao', LI huaping’, ZHAO yaya?, BIAN wei', YU junjing'*
("CAS Center for Excellence in Molecular Cell Science, Shanghai Institute of Biochemistry and Cell Biology,

Chinese Academy of Sciences, shanghai 200031, China; *The Center for Microbes, Development, and Health, Institut Pasteur of
Shanghai, Chinese Academy of Sciences, shanghai 200031, China)

Abstract Flow cytometry is a multi-parameter, high-throughput and rapid detection technique for single
cells or biological particles based on scattered light signal and fluorescence signal, which has a wide application
prospect in biomedical field. Flow cytometry is an important method for immunophenotypic and functional analy-
sis, especially in the basic research of immunology. Among them, the preparation of high quality single cell suspen-
sion is the key step of flow cytometry analysis, which directly affects the results. The intestinal lamina propria of
immune cells in mice is one kind of difficult to preparation of the original tissue sample. This study uses two kinds
of enzyme digestion conditions and compares the cell yield, cell viability and immune cell markers, the results
show that the collagenase VIII and DNase I enzyme solution method is more suitable for intestinal lamina propria
of immune cells in mice. The establishment of this single cell preparation method can be used to more accurately
analyze and quantify the population of intestinal immune cells by flow cytometry. The study provided a reference

basis for revealing the influence of the sample preparation for experimental results, and a reliable method for the ac-
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curate analysis of immune cell populations in mouse intestinal lamina propria.
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M VIII(collagenase VIII) it S8 A% bl 1% FR I I(DNase
1)y = 1) g i 07 32 5 3 T/ BB 2 A )2 92 4
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1) FRL R, (R FRATT LA Dy A, et IR S8l 1
2 BB A = % g i o i, DU iE
R G 5 A M (R R TSR LS E 4R 2

1 MR E

L1 #Rb

L1l #ERA 8HECSTBL/6/N R T
bRt dE A LR B h L. SV T RAEN
v [ B A7 B L i E T AR A 5 B Sk B sh AR A 5 e
FZE o i it (S IPSEHAE H 45 (A2021-L007)
F1. F: collagenase VIII. DNase IFIT —fifi 75 # i
(DTT)M [ Sigma-Aldrich; % i /i D(collagenase D).
it A% A A% BRI 1(DNase 1) A1 117 /3 i #8#F (Dispase 11)
TH LS KRG ER A F; 4 R0 28R 3 — 9
—/K(Na,EDTA-2H20)F12x T 2 2% i i (2% PBS) I
HAETAY TRCEE) B A RA A 10x BERgm
(10 PBS)FIRPMI-164041 i £ 77 3£ 5 ) 4 Gibeo
N F]; 458 2R IR R 2 TR (HEPES) I H Medbio A
al SR B TS T A E] 5 G4 LG (FBS)IY
HBIAH]; Percollld H GEZY w5 Tt W MR I B9 A1
T 75 NS =97 2 BB R /A 7] ; FITC Annexin V
Apoptosis Detection Kit. CD45(30-F11) Alexa Flu-
or700. CD16/CD32 (93). CD4(RM4-5) Pacific Blue.
NKI1.1 (PK136) APC-eFluro780. LIVE/DEAD™
Fixable Blue staining kitLA & UltraComp eBeads™
Compensation Beads3ll4 H Invitrogen; CD3(17-A2)
BV510. CD8a(53-6.7) BV421. CDI103(2E7) PerCP-
eFluro710. CD19(6D5) BV570. CD64(X54-5/7.1)
PE-Cy7. Ly6C(HK1.4) BV605. Ly6G(1A8) PE-
Dazzle594. 1-A/I-E(MHCII)(M5/114.15.2) PerCP.
Siglec-F(S17007L) PerCP-Cy5.5. CD11b(M1/70)
BV711. CDI11¢(N418) PE-Cy5. F4/80(BMS8) FITC
PLIZCX3CR1(SA011F11) BV785#4 1 F Biolegend.
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%4+ Thermo Attuneyit 2 41 fofX 34 H Thermo Fisher
Scientific/A & ; ID70006 1% i =4 Mg 4 W H H A
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1.2 753k
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T & AEEIR 2R R, 37 °C 100 v/min/K VR %
20 min. HUH B O IR IENR 720 s TUH AL AR E
H—. @itk WHALEHIE: 10 mL{ 10% FBSH)
RPMI-164035 7% HL 5 110.005 g Collagenase D, 0.005 g
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BE B T30 IR AR 1S mLE O (R
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TH 45 min, WAL RI R IRIEIR S so WAL TE R
J&, B 2L IR 30 s, FH70 umIESHERT TR
Y Had € 2250 mLES LA, Bl S PBSE A 235 mL,
1 000 xg+ 4 °C B:>10 min. ZHHLITIEHS mL 40%
i Percoll HE & .

MW T L QML A . O . THIH
) %% AR 1: B 10 mL PBSHL750.01 mL
DTT(1 mol/L)#10.1 mL HEPES(1 mol/L); T4 L i2:
££10 mL PBSH540.625 mL EDTA(0.5 mol/L)#10.1 mL
HEPES(1 mol/L). K/Né&HE KB (1.5~2 cm)/t &
F10 mLIg AL 14, 37 °C « 220 r/min/KFHR%
10 min, FF3) ETRIZIPRS 1 min. Ff)5, HEE
F10 mLIEH L2, 37 °C. 220 vminZK F4/%% 10 min,
P ETFRZIES 1 min, I REE K. @OH
1o WAL 2 10% FBSHRPMI-1640M 24 %
JRBFVIIL0.2 ~0.4 units/mL) L & DNase 1(0.15 mg/mL),
TR 215, BEASFEAR3~5 mL. PBSPRKTHAL /G
W BRI, HK 7B E T-5 mL3 10%1037 FIRPMI-

1640, Fifi f5 FRRF A N 773~5 mL EilyH AL 640
PR, HJC B AR B AEY TR 7 B BT R<0.5 em, Ji
B T37 °C. 5% CO,ZH 3% 7% 46 i B W5 4L90 min.
THALTE UG 5 N 15 mLE O, J7 mL PBSZ 1AL,
FHNREIZIRS2 min, 70 pmIE KRS T R0
I E50 mLE O, FIPBSE A %35 mL, 1 000 xg-
4 °CE.0>10 min. ZHHIYTHE FH8 mL 40% I Percoll H
Ll

123 FEHEBSERAFEAELER®I 1N
1075 () FN2) 3R AT 1 5 21 i B VR FH Percoll % % #if:
JE B T VR B 4. 8 mL 40% Percolli&
AN PCE [ 8 7E4 mL 80% Percol i _E (A
45°15i 42 80% Percollff115 mLES U, B F A M B 44
BT, Y R A 0 A 2 P-4 £180% Percoll ),
800 xgZ il 250> 20 min(MYFEGE A 0). 205G
el 2 2025, P B QA /N O B IR ) J2 1
Y f N 1S mLE 0V, PBSIE 2 £ 14 mL, 800%g-
4 °CE 010 mine 7 BIE/G, AMRUTHEH 1 mL PBSHE
2.

124 #mpeit4k HU100 uL4if 2%, PBSFiF:10
f%, Thermo Attuneiit 404471144, Thermo
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X, FEEIF AR A, HEESSC. FSCHLE,
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RFT120 pL. EAAFI100 pL. % & id sk All events
Ha LI 2S5 pL/min, FEEFERAIRRES oG T ah
b

1.2.5 AKX @R B PR A 77 ik 0 da A &
Annexin-V FITC/PUS I 4 B 4 72175 0, A8 0 i 2 2
HEU T2 4 I 45X 77 (FITC Annexin V Apoptosis Detec-
tion Kit) i Bl 45 2.0 J5 4, 77 B3, F100 plgk
G MR E R, FEREAT NS uL Annexin V FITC
A1 pL 0.1 mg/mL Pl JB2))5, ZEiRE I E 15 min.
5, IAN400 pLgs &gl 261 b B, B2 FRA S,
F Thermo Attune it 2G4 At SRS T 2 B IR = o

12.6 BIRAKEE  FIFHAMERERE] A
FAMEHIN IR . SRR, B RGAMEER
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Table 1 17-parameter flow cytometry panel for immunophenotyping of mouse colonic
lamina propria immune cells using surface markers
Hila ) U sit] Uik TR S 2t HiRELL Bl
Antigens Cell types Clone number Fluorescence Dilution ratio
CD45 Hematopoietic cell lineage 30F11 AF700 1:200
CD64 Monocytes/macrophages X54-5/7.1 PE-Cy7 1:100
CDl11b Myeloid lineage M1/70 BV711 1:200
F4/80 Macrophages and eosinophils BMS8 FITC 1:100
CX3CRI1 Chemokine receptor SAOI1F11 BV785 1:100
Ly6C Monocytes/macrophages and neutrophils HK1.4 BV605 1:200
CDllc DCs and macrophages N418 PE-Cy5 1:200
CD103 Common DC progenitors and pre-DCs derived DC subsets  2E7 PerCP-eFluro710 1:100
1-A/I-E (MHCII)  Activation, antigen presentation M5/114.15.2 PerCP 1:100
Ly6G Neutrophils lineage marker 1A8 PE-Dazzle 594 1:200
Siglec-F Eosinophils S17007L PerCP-Cy5.5 1:100
CD3 T cell and NKT cell marker 17-A2 BV510 1:50
CD4 T helper cell marker RM4-5 PacBlue 1:200
CD8a CD8 T cell and NKT-like cell marker 53-6.7 BV421 1:400
NKI1.1 NK and NKT cells PK136 APC-eFluro780 1:100
CDI19 B cell lineage 6D5 BV570 1:100
LIVE/DEAD-Blue 1:1 000

Colon Pre-digestion Digestion

Sony ID7000

> | b
Cut 1.5-2 cm
by surgical
scissors

<0.5 cm

Phase [ Phase 11

Detecting

Colon species Density gradient Staining for

centrifugation surface markers

Phase 111

El BEBEER%EMEEI&UALLERE

Fig.1 A scheme for lamina propria immune cell preparation and staining

0.5% EDTA)H &, 650 xg+ 4 °C B.0>10 min¥e £ 4
uik. FH70 pmiEEE JEJ5, Sony ID7000% x4
ORI BT A B YR ISR, 70
T

127 AXENmE BH ELEme  KP%126
PAF I L N EVE R, 500 xgy 4 °CE 0210 min.
AHRBYTIE A 0.1 mLAETE GLRHAW (1:1 000)H &, T
B R UK EESGIEE 30 min, BEJS A 1 mL PBS,
500 xg+ 4 °CE0r 10 min¥e £ £ 444kl 50 uL Fe
block(1:100) H &0 fEITIE, = iREEE 110 min, B
JE IS0 pL3R H BTk e (R A (8 H i S IR 3R
1), K E4t30 min. 1 mL FACS bufferf &, 500 xg
4 °CE 010 minde 2 Z R Pifk. 500 uL FACS buffer

H RN BE A JATAT PR, (R B ERE 5
i —20), )5 Al Sony ID70003E 479 20 -

12.8 HIFHEE ST WKL EDIANE
SRR IR B RR M SR 4 AT R . R
F FlowJo_V10%f}#1 GraphPad Prism 7373 #7 Ak
PR, R Z R ZE T Z5 P Student-eA 56 L 2H
48 TH 2 5 . P<0.058 RN L4 REG G757

2 FR
2.1 SHUEEXRISMRE RN

B R R IR DI S5 . B4 20
WAL — B4 N =B (E): ¥ el B BOs AT
WAk, FRR B, BT R — B IR 75 5
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e A 2 FOR, B 5 3RS SR 2R
e, ARG Rl . For, B R A2 R
M2 LS R Al S5 R EE R &= . N T IRA
Wb A4 7 V2 R 400 P A 3 B vy, FRATT I FH R AR Ak
TTiEH SRR, WAL 7L (1)2 B Nature Protocols E
FIALHE 539 YA 7125 (2) 5 % Bio-protocol i TH 14
TN Hrp Tk (D) B A TR A SR D |
Dispase IIf1DNase 1, /7 72:(2) " FI7H AL & B AL 5
JREGVIIIADNase 1o FRAT 73 791l 42 REAH I (1) 22 BR Ak 2
FFAERLCSTBL/6/)N B 45 i, RAT ) 5 4 i 2
PBSHi 101 5 1 H 7 X4 i X Thermo AttuneidE 1T
Tt S ST M ORI I A A R &S
SR, KM T7E) WA, B E K S g nT 3RS R4
ML B 2 3.7 103, K FH 77 V5Q)TH A, B JE K 25
i 1T 3R A5 A 41 i 5020 8.2 x10° 4N, 29 75 1193
W, E R RENZER(E2).
2.2 GHW R ERARTE MR SHI SN

2 RV R PR A A 5 e X ) 2 SR ) A
Fo RN MAS I, A4 2 I AFE S Gkt X il
ARG RS o e ad i SR R B, PR AP AL T
IR S AN HOTE P, AR K 2930% 1 FE4H i (K3 A
FIEI3B). M T F5i5 2 PR M A 7 10 4 B3 14 1)
S, FRATR 22 HL7Y) Annexin V/FITCH PIXU 4L
et (1) 77 A WU 45 240 2 b 4 R ) R T R O
PR AT 95 R AR A it e W 45 SR 4n 1] 3C A& 3D i
TNe SRR TORS, 2H A AR It 22 Z B2 (phospha-
tidylserine, PS)/MiH ] 555 Annexin V&5 & ; B B T
I 4 B 5 EL A S P ELAT IR BE SRR R 1, WA P
(propidium iodide, PT)nJ BAitE N AZ N 5 I L BB X IR
(deoxyribonucleic acid, DNA)4 & ; 1 40 bR S0
BONTE IV, 4z A e, A APISDNAS & . Giil
SER I, PO AT SR 4 R T R B R
(EI3F), o 75 (1) 2 20 i 7 1 2 228%(KE13F).
TiQ2) B T2 3 827 %(E3F); SRT, J74(1)
SR 5401 B 1 B BA 241 B 9 T2 2 29 9 4%(Annexin VAIPI
XUAPELRRAE ) I T2 262059 24%(Annexin VH#
FEVELH BEE), J775Q) MM BAE T3 2 817% 1
TR L2N9%, MH BG a2 L EERE
3E). LA ERGEIREW], BRI & T iEE 20 i
I A 2 fe % A0 M A 45400, R 2 08 G B AE T 11 7 X
ANRARR, F7iE M T T, 7 2) S
) TR SHE T

2.3 HUEGHEERE RN

i RS I P G B R SO bRl I B S 4 i R
SN PR S PR ES A . N TR
W B mbE S PR o TR R kg &, A
V0 P o A 7 A 8 T B B R R 2 e A
R AH DG R AR L) B TR I &, B 5 ek
R A A% Sony 1D70004 55 £ 38 I3k 47 £ 5 4>
T o 25 R IR, PIFN 7123845 CD4S " 1 48 a1 B 43l (1)
4A)FI CD11b 4t i) Ee 7] (] 4B) i A 2 25 (1) 22 ¢
BARTTE ()35 1 CD45 A 40 (1 4C) M1 CD11b*
Y1 B (P 4D) (1)~ 38 B i = T 7 (D), (H 2%
HEEMZER, KT CDc M L6 48t 45 5,
P B E M E R (BI4E), (2777 (2)3R19 1
CD11c B4 o W2 & T 77 (D)(B4G). 5i4h,
ER T (1) 3543 CD3 41 A 1 L e v v () (]
4F), {H &P Rh 77223843 (I CD3 HI TN B 3 = 3
B E R (B 4H). XUegE R, BRI L k3
KAFZICDA45. CD11b. CDI11cAICD3HK 45 5 .

A SCHERIRAE, Ik 20 B A G Y — e SR T e S X
VA SR AR AR UK, 2 RO RS I 25 SR PR AR 12
I, Mgt TR MR 4E L CD19. CD4AH
CDS8[m AR R . A4 KB, k),
MR ) CDA 4B T4 . CDS 41 A 8 14 T4H A LA
J% CD19 Bk 48 i 1) b A5 B AR T 7772:(2), HATHH
BHESR, IFHPE R4 BR G it aE R A
w2 R (ES).
2.4 ZEHRAN/NFRLEE S B R R pnEHA

ST B R (1) RN V(2)3X 5 P AR /N SR 45
Ji 3R B A )2 Sy 40 L) 7 v, BRATTR I T7 (2) 5
W& A Ja W 2 2 40m . Rk, FRATRI A %
Jii, K RTERIGRN T RERDIBIE T B AR /)
R 225 1 [ A7 J2 8 P 3 2 47 92 400 i 2R S 1 8 e 28 4
PR (TS5) o AR AH G SCRRARIE 7, 15 7 G I 6 F
ZN] R

T MY PR SR A L PE) Y CDAS T A A
X SE R AL W T ARl . BAH MR W iE 4
WA TG AT I B S My, 75 18 S e i AT A E 2 T)
AEUS191 IR AT FHSSCHICD19 M CD45* ) (4 4 fifd, o
B 1 CD19°SSC B4 il ¥ .

AR Fo 92 Ik B2 44 B B 4 NK (natural killer)4H ffd
FNILCs(innate lymphoid cells), E AT T ANLARHLE
PR IR B RERY, B2 58 BEKR. A48
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Cell number acquired per centimeter colon was counted after treatment with both digestion methods. **P<0.01, each dot represents a mouse.
E2 EBAFEN T ARG
Fig.2 Total cells obtained by both digestion methods

1 2
(A) N (1) (B) (2)
<
o'l 4 34.3%
wn
W
LIVE/DEAD-Blue A
(1)
C 30+ —*
© 3 0.4% 5.0% (E) - . e (1)
. ° (2
A 204 |
go .
g L ]
S 101 ’—'I'—‘
dlj °
I L] I
0 "s '\%I
5o 5O
o® 62&09
(D) o g
(F)
— 401 ns
= — (1)
. S
2 oo ¢
= 204 ¢
8
glo-
2
0 . .
(1) (2)

Annexin V-FITC
A B WA HTALINE 5EQ)(E BYAIR) (G D A& HoIRES; Cy D: 3t s Bk il i A 7 72 (DR B AQR)CR B SAF A a1 45 5% E:
ST P 7 A ORGP TR R AT . P>0.05, #P<0.05, n=3, FEAN SARE — H R
A,B: flow cytometry was used to detect the cell viability of digestion methods (1) (left) and (2) (right); C,D: flow cytometry was used to detect the

apoptosis of cells obtained by digestion method (1) (above) and (2) (bottom); E: statistical analysis of early apoptosis and late apoptosis of cells; F: sta-
tistical analysis of total apoptosis ratio. “P>0.05, *P<0.05, n=3, each dot represented a mouse.

E3 EHUFRATAREMRTSRIFE

Fig.3 Effects of digestion conditions on cell viability
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(A) ®) © (D)
B 30, B 6; ns 21077 3 104
E . = - «1) B 8 . o(l)
3 ¢ 3 : ‘0 & = o
£l s | 3 2 T
: : L i e T
g 2 o = o° S 10  _g
£ 2 . a3 5 - °
5201 | o . g 2 E o 2 ¢
g g 2 g
o ° 2 ° = s
2 P 30 =
=15 ' ' £0 ' ' c10 - - S 1ot
(O] (2) M 2 1) () (1 )
(E) () (G) (H)
= ns 2 2
64 T 8 3 1007 2 10°;
g _T_ 8 ns o(l) E 0 . 3 ns o(1)
s T 7] i @ 2 = B | T =
O 44 ° < ¥ O
o 5 O o0
> 4 1 s 3 | ° S | o
g 5 . 5 . 2 *
g 2 ¢ g, £ £
g g E E
=] = = -
) = o)
2o : : £o . : 310t : . Siot , .
(€] (2 (D (2) (O] () (1 (2

A: CDA5 AIHILE 618531437 ), B: CDLIb AUHB LI Gt 40 i I, C: CD45 4 ¥ & i it 40 M F; D: CD1Ib 40 & Gi it 4041 I&; E: CD11c'4l
N te Bt A 18] Fr CD3 Al EL I Ge it 047 K5 G: CD11c UM S i 4 #7181, H: CD3 AU i it il . »P>0.05, *P<0.05, £ 14X
F—Hi.

A: CD45" cell proportion statistical analysis diagram; B: CD11b" cell proportion statistical analysis diagram; C: CD45" cell number statistical analysis
diagram; D: CD11b" cell number statistical analysis diagram; E: CD11c" cell proportion statistical analysis diagram; F: CD3" cell proportion statistical
analysis diagram; G: CD11c" cell number statistical analysis diagram; H: CD3" cell number statistical analysis diagram.™P>0.05, *P<0.05, each dot
represented a mouse.

B4 BAFEK AR IE#RE MR ENENR

Fig.4 Effects of two digestion methods on non-lymphocyte surface antigens
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Fig.5 Effects of two digestion methods on lymphocyte surface antigens
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