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Abstract Objective To optimize the flow cytometric sorting workflow for myeloid-derived
suppressor cells (MDSCs) from murine Lewis lung carcinoma (LLC) subcutaneous tumor tissues,
improving single-cell suspension preparation efficiency and sorting purity, thereby providing
high-quality cells for subsequent functional studies. Methods Subcutaneous LLC tumor tissues
were harvested from C57BL/6 mice, and two enzymatic digestion protocols were first compared
to evaluate their effects on single-cell suspension preparation. After staining with a viability dye
(Live/Dead) and fluorochrome-conjugated anti-mouse antibodies against CD45, CD11b, and Gr-1,
cells were loaded onto a Beckman CytoFLEX cell sorter. Next, conventional and optimized gating
strategies were applied. In the optimized strategy, the CD45 population was used as the initial
gate to directly define an MDSC-enriched region, followed by selection of CD11b"Gr-1" cells.
Finally, purity was assessed by flow cytometry, viability was determined by trypan blue staining,
and RT-qPCR was performed to measure the expression of MDSC signature genes, including
Argl, Nos2, IL-10, and S10048/A9. Results The optimized enzymatic digestion protocol
significantly increased the yield and viability of single cells. After optimization of the gating
strategy, the post-sort positivity rate (purity) was markedly improved. Argl, Nos2, IL-10and
S10048/49 were highly expressed in the sorted cells, indicating that the isolated cells retained
characteristic MDSC features and functional signatures. Conclusion By optimizing both the tissue
digestion protocol and the flow cytometric gating strategy, we establish an efficient workflow for

isolating MDSCs from tumor tissues. This method improves the yield and purity of single-cell



preparations while preserving antigen integrity, providing a reliable methodological foundation for

subsequent studies on MDSC function and metabolism.
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BEVEVEHIHI4HH (myeloid-derived suppressor cells, MDSC) ¥ B %% A i i 22 41 i
B, A i E ] . MR MIAEE T, MDSC 8L 7 WA 2 Fih7y1- 4] T 4
PRSI 5E, R G IR AN iR A e, #E/NER T, MDSC W 43 AL 4R R AL B AR A
2 AMEHEEL, ORI, MDSC KRS B e b, il SEmafR Egm e . I A A
R PR A 5 5 TSRt Rt g . R SRIGS 5T & MDSC 2 T & Ji5 S L At 7 1Y) 3 22
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SR, ANIIRIRAS = 4l MDSC B Bk . SepeiiEkik B2 N Ay ik, H
T I8 2H 2355 1 5 5 R R AR o LA 5 155 9% 2R I i DA A2 R B AT 9 1 7 R 9100,y 4
4yi% (fluorescence-activated cell sorting, FACS) £ S50 Jehric il SEHLT H bR i)
AR, HHER G ZHGUEN AL B IBEA T 5 k1) SR sz 12 it 7
3T C57BL/6 /N Lewis ilif# (Lewis lung carcinoma, LLC) JZ FRREMIAL, M “HZUHAL
R A “FA B TIERE” 2 DL MDSC 43 Bdife, Rl 2 RO7ERIE, B
SLfE AL AT E IR 4 Z MDSC i i, NG ST R IT B At i o = A R

1 MRS T
1.1 #
1.11 SEBIY

7 A 6~8 ke HENE C57BL/6I /)N I AL IR R A 25 AR A IR IR AR, A/ VF ]

WF5: SCXK(77)2023-0009, {#HFAIIES: SYXK(75)2023-0036. /N AAFEAE T3 K2k



Kby SPE RBNMIG N« TR EEYERFAE 18~22 C, REEIRFFAE 40% ~T70%, Wifk
IHREAGIR O 12 h/12 h, DL E SR IE %o NI R RS0 Bkt W SoKIR 4 1 ™
R R, R EERES . A, /RO 3RS KA AR N E oA . R
BEN SPF LS00/ ARG, A A S ekl 2 1k, JFRR S BB S 1Dk R K
BT BN S0 4 1 e RS BN i v DA B sttt (IR BEALS . NBU20240307)

FBAF A A I
1.1.2 EERF

Zombie Aqua Fixable Viability Kit. PerCP/Cyanine5.5 anti-mouse CD45 Antibody. Brilliant
Violet 605 anti-mouse/human CD11b. FITC anti-mouse Ly-6G/Ly-6C (Gr-1) Antibody (575 :

423101, 103132, 101257, 108406) i H 3 [ BioLegend /A F]; Fetal Bovine Serum.

Collagenase IV (#7%5: 12103C. C4-BIOC) W H 3 [H Sigma A Fl; it DMEM £5773E,

PBS ik H-HEHRIBAR (I5: G4511., G4202. G4003) M H i ek /R AR
AIRAF,; WEREZIRE [ . a0 (525 : D8076. R1010) W HLH{ZEEHR
HAMAT, HEARNAE (555: CL100C1) W H 75 ¥ e MR R A H; Percoll
HERE LA (B85 17089101) ¥ [ 3£ [H Cytiva A F]; Mouse FcR Blocking Reagent
($%%5: S0B0599-200T) MWy H MM MTE R EMAHLA R A 02% GG (15

RE010112)1W [ i FEREW R A BR A 7] ; PerfectStart Green gPCR SuperMix  (+Universal
Passive Reference Dye) Yuklykioé e & PCR HURK (1%'5: AQ602-01) Iy H b mt 44k
Wi AR R 23 ] ; SuperScript 111 One-Step RT-PCR System with Platinum Taq DNA Polymerase

($85: 12574018) ¥ H 3 Invitrogen 2.
1.1.3 EELHE

fIRIR 2 AL B 5: Centrifuge 5810R ) H 1 [ Eppendorf A 7] ; fHIR #E K (Y5 : TQZ-312)
W B _EHERS  S I W A IR AR WA (i ik { (245 CytoFLEX SRT.
BECKMAN CytoFlex S) Ity [ % [& Beckman Coulter A &) ; 40+ %0{% (#4-5. Countstar Mira
FL Pro)iy H il B AR LM IR A A WEIRRREENL (245 R5001E) W H BRI T B ik A
AR R A PR A T

1.2 ik



1.2.1 #HfaEEsR

LLC 400 &2 H E FK LA IR IL =P &, S 10% FBS il 1% H-#E5E =&

B DMEM 85 7R3L15 97 e JIHEAT ST AR I, 8 DR S 36 i P 2400 40 D S TR 1
1.2.2 fR Ry

4 LLC 400 (1X108 4 H) EET 01 mLPBS H, M T/ NRAERET. B 7d
Jaite, B 2~3d AR R RMEMEKER, HAR V= (KX 22 5.
SEOG K P AN B/ NRR, SRR B R AL R E .

1.2.3 e 2H 4% B M BV 1 %

HAF 980 /N BB 4L 29, BERE SRR 2 B4 LR 2 Rk AEEAE: © & 0.5 mg/mL fig R BRIV
20 pg/mL DNase ICAE FBS) ) RPMI-1640 3573k, 37 "CHR%H 1L 20 min.@ % 0.5 mg/mL
JB2 BRIV . 20 pg/mL DNase | & 3% FBS f] RPMI-1640 }57%3E, 37 ‘CHR#%IHAk 45 min.
WFERUE, %200 H iR, I 20 mL 7 2% FBS 1] PBS & 1Lk, 1
4 CZ%MFF 1500 r/min 2.0 5 min. 3 EiEW, H 7 mL 40% Percoll #&, 2000 r/min, Ft
W 6. PR 2 A0 20 mine FF BIEW, FROCGLIESE N 2 mL LAMEYET, 4 CERAE 10
min. MIATA PBS (£ 2% FBS) ZjE, #£4 CZ%fFF 1500 r/min &0 5 min J5 5 EiF

W, LL1mLPBS R, SMrEGEOHEOMEINER, T /a8,
1.2.4 WRAMEETT

A5 R B s B R P, B R B R M B AE, F sl il T A M AERE . e b
FEFRPEE B0 0 1 - R ORKR 22 1 A OYE SO i 8 253008 HL s — B0 70 H S o ki
CAERSCHURE T, BARPUARE RTTAME, Bl JE T e R A -

1.2.5 WAPAARC LR AR 1%

U Zm i, NG Fo BEErHTiA, oK E#EE 10 mine 4 °C. 2000 r/min &> 5 min,
7r BIEW, LL0.2mL 7 2% FBS ) PBS H&. A& 1X10% MM U R HikiR &
K0525-Zombie 0.5 pL.CD45-PerCP 1 pL.CD11b-BV605 1 uL.Gr-1-FITC 1 uL.Ly-6C-APC.
Ly-6G-Pc-7. W& 45 W 5 I & & PBS VR4 (4 °C. 2000 r/min &0 5min) , PLEER
R E Pk 5 JE & 2% FBS (1) PBS E 240, F£4 40 um JEAT 38 #E 4 L HL. MDSC



#5E LA LIDTDA45*CD11b*Gr-1* ({41 g A . M-MDSC #¢5€ L CD11b*Ly6G Ly6C"o",

PMN-MDSC #{52 XA CD11b*Ly6G*Ly6C"",
1.2.6 SHARTHECR 40 s SRl

Ty % 5 BRI 4R B RAE 4 C444F R 2 000 r/min £5.0> 10 min, 35 _FiE W
I & &7 10% FBS (1) RPMI-1640 # 8. HU4HiE# 0.1 mL T8 1.5 mL &0, I
N 0.2% AIRHEYR, RAT, ARJFHEL 20 pl IOANAIMTHEO0, A 403G 3ok
AN

127 RAEENRNAER PCR WiEDEICR

I JE BUER 7 4, 2NN AR I e 2, AR IE R A M AN A . T H]
TRIzol #EUE RNA, #2845 LL SuperScript Il 5% 554 cDNA. 2R 5¢ )% 5 B PCR %
i PerfectStart® Green gPCR SuperMix, T Light Cycler 480 & 4tit47. SIWHE T A TR

(Bl BMARAF SN, FEEOEEEIRE-1 (arginase-1, Arg-1) . FSM—% MK
&M Cinducible nitric oxide synthase, Nos2) . H4Hf /) 2-10(interleukin-10, I1L-10). 431
F5 454 5 1 A8(calcium-binding protein A8, S100A8). 4545 4 25 14 A9( calcium-binding protein

A9, S100A9) , PP ILE 1.

& LEIYIF5

Tab.1 Primer sequences

Gene Primer sequence

Argl F: 5-CATTGGCTTGCGAGACGTAGAC-3'
R: 5-GCTGAAGGTCTCTTCCATCACC-3'

Nos2 F: 5'-CAGCTGGGCTGTACAAACCTT-3'
R: 5'-CATTGGAAGTGAAGCGTTTCG-3'
IL-10 F: 5'-GCTCTTACTGACTGGCATGAG-3'

R: 5'-CGCAGCTCTAGGAGCATGTG-3'



S10048 F: 5'-CCGTCTTCAAGACATCGTTTGA-3'
R: 5'-GTAGAGGGCATGGTGATTTCCT-3'

S100A9 F: 5-ATACTCTAGGAAGGAAGGACAC-3'

R: 5-TCCATGATGTCATTTATGAGGGC-3'

GAPDH F: 5'-~ACTCCACTCACGGCAAATTC-3'

R: 5'-TCTCCATGGTGGTGAAGACA-3'

1.3 Giitgab

Guit T 5YEEIITE GraphPad Prism 8.0.2 X PFH 5E M. SLIGEHRISI LA X £ 5 Kome
ZH ] EL R FHBC X ¢ W06 . P<0.05 NZERAE Y255 L.

2 g5
2.1 B F MDSC RE TR X E

NIGAE LLC F2 AR th e T4 AE MDSC 1231, ASHIF 706 8 2. 2 8 200 i B WA T
TR AR . T2 RERE T2 MDSC TR (B 1A) o B Ly6G 5 Ly6C
HIZRISHRHIE, 13— MDSC 43 R4 A B8 U5 A ] 40 M. (franulocytic myeloid-derived
suppressor cells, PMN-MDSC) CD11b"Ly6G Ly6C' F1E4 4% 4 A 5 U 12 400 1) 41

(monocytic myeloid-derived suppressor cells, M-MDSC) CD11b"Ly6G Ly6Chieh AN #E (
1A) o REEMRAE S5 RR T & MDSC REFIE (B 1B) K F# PMN-MDSC 5
M-MDSC Attt (B 1C) o Gitg TR, 2 Mol #ErE s 220 1y 5 — e Lt
H M-MDSC L1 2.3 =T PMN-MDSC (] 1D) . PLEA#raR M, LLC B N R AE R A
B MDSC i3 H F Z W HE A M-MDSC.



B 1 LLC T HEREEA H MDSC RELHKTRA LR
Fig.1 Flow cytometric identification of MDSCs and their subsets in the LLC subcutaneous

transplantation model

7E: A: Gating strategy of MDSC and its subsets PMN-MDSC, M-MDSC; B: Representative flow
cytometry scatter plots illustrating the infiltration of myeloid-derived suppressor cells (MDSC)
with CD45 gate; C: Representative flow cytometry scatter plots of PMN-MDSC and M-MDSC
within the CD11B gate; D: Statistical analysis of the proportions of PMN-MDSC and M-MDSC
in tumor tissues:;“P<0.01 vs M-MDSC.

2.2 AN R 2% A0 4 o) 28 380 T R T

NRFCAFNEACTTIEXS T CS57BLI6 /N EZ T LLC 8 2 23 Hh S H 5 4 i 353 (52
AW BIR A 2 Bl AR RACH: RAGATAR (Met-1) KMRALJEE R (Met-2). #iix
ZARAT I 20 1 B T o o A B e R I A B BB R A A S . (&I 2AL 2B) o A5 R
B, MGG A RSB AE S S E RS (F20) o FR, AR R T R4S R iR
Ft (B 2D) o PP RN A R T BT R R, AR SO0 ] % A AR HEAT TR
Ko RN 2 #iik R T CD11b*Gr-1" MDSC R FLBRIEMT (BI2E. 2F) , H 2 Fiifk
k% CD11b*Gr-1* MDSC Ll e B3 2 57 (B 2G) o 4 &, MRAGJE I i R AEARIE ST



SR SEREMIRTIR T, ST 1 MR 2 4 0 Y 2 S O A i 5, D9 s 2 v i i MDSC
fR 733 S I RER FEBL5E T At

B2 ANFEE AR A0S /N B LILC e 4 2 B 4 P s R 1) e RO K A IR S FR S
Fig.2 The effects of different digestion conditions on the preparation efficiency and cell status of

single-cell suspensions from mouse LLC tumor tissues

7£: A-B: Trypan blue staining images of tumor tissues processed with the pre-optimized
protocol A and the optimized protocol B x8. Green indicates viable cells, and red indicates dead
cells; C: Comparison of total single-cell yield between the two digestion systems; D: Comparison
of cell viability between the two digestion systems; E,F: Flow cytometric re-analysis of cells
prepared with the pre-optimized (E) and optimized (F) systems. The clear boundary of the
CD11b"Gr-1" population indicates the integrity of major surface antigens; G: Statistical analysis
of flow cytometry re-analysis results of cells prepared by the pre-optimized and optimized

systems ; P<0.05,""P<0.01 vs Met-1.
2.3 WAE TR ERRIER

i IR A PUA R G REAT R IOAR I, ARicseUn EFEE Beckman CytoFLEX i 24 i
IIEAGHAT 73BT 5ok . B SR AR BT TSR (Met-1)%F MDSC 4l #4771 (K 3A) .
AR L AN N TS 4 P R 208 80% (] 3B) o Nt — B m ik A,
AWFFR B TRAEREAT T o T M SR s b, AR L R M BEAN H k BE A



%, JL1E FSCISSC s B H ) /3 i 586 RAUMBE A E W] B H &, B4l FSC/ISSC ¥1“all
cell 17”7 HMELATSr £k LR T Hifh: X eeFFnl p= A R R O (5 5 BisUsdae, it
M5 525551 CD45. CD11b M1 Gr-1 MRMEIFRCT IR . FET 0, 7RI BT Sk
(Met-2) 1, KR 1 E N CDAS BAMuRE (K13B) . JFZIEA LB E MDSC 41y
WK, R AN S SRS — B, R SE B MR T L) 90%, 4 gl
JERekE (E3D) o PRI SEng 70 A3 FH I 4R L 1 2 et xf b BoR, IR 7 R &

FHEWFEMBLT (A 3B) -

3 /MR LLC iy MDSC =B ] R s i ik
Fig.3 Gating strategy optimization and sorting efficiency evaluation of MDSCs from mouse
LLC tumors

7£: A: Gating strategy of conventional gating strategy Met-1;B:Representative schematic
diagram for purity analysis by flow cytometric re-analysis with the Gating strategy of
Met-1;C:Gating strategy of optimized gating strategy Met-2;D:Representative schematic diagram
for purity analysis by flow cytometric re-analysis with the optimized Gating Strategy
Met-2;E:Comparison of the percentage of sorted positive cells between the two gating
strategies;” P<0.001 vs Met-1.

2.4 5% )5 MDSC I Th R IAIE



HBAELRARIL S FTFF MDSC (3t K HREIRAS, AHIF ST R 5 1y W e o A0
QPCR ZEATREIN . Fir FHAR LIRS T2 “ B 1V + DNase | V4L 45 min” fz “4R ALl 7]
SRUE” RARIRAF I B A . SR IER A TR (B4A) , SHIESS MDSC (#7135 5
JI(T0£5)%, FRHAHMIAE L o e B Ve Jo T CREFIC I e 1, W) T J5 SR R 27 S
25K qPCR H AN 4314 f7 MDSC [ Th EFE A AT RO 0 b . Forb, RGIIAE AR
ALFES>IETT I PRI 4l AL Cpre) A 33k J5 AT 345 1 MDSC 41 it (post), &5 5 27w G & H1 i
FHSRIERA Arg-1. Nos2 K IL-10 fIRI&/KF#58 ik AT L (P<0.05) (18 4B -4D) .
AN, MDSC $FAEME RAESE 5 70 54545 & H2 H S100A8 55 S100A9 HIRIE TR & & Tt =

(P<0.05) (K 4E. 4F) . #&7x, @ikt ibgn i & & a5 i 5 3545 1 MDSC,
TELRFFAN A BRI, CREA T MDSC ML RERFE, )5 B4k A Th R Szat AL
BIF ST ER AL BT 75 A0 R

&l 4 MDSC HiEHE S ThRe R FRE 517

Fig.4 Viability and functional gene expression analysis of sorted MDSCs

7 : A:Trypan blue staining of MDSCs after fluorescence-activated cell sorting >8;B-F:qPCR
analysis of the indicated functional genes in post-sorted MDSCs compared with the pre-sort tumor

cell fraction; **P<0.01, ***P<0.001 vs pre.



3 e

MDSC 2 JH8 P 355 r i B 1) S e ikl Pl R AR 2 —, Ly BRI A 30 S o b
AL T RRE ) e PEARPIRAS [1-7]. BUAWFFRR], MDSC MU REWSIEL Arg-1. Nos2. &1k
S IL-10 S5 AR A0 T 4L NK AR50 88 S S, 325 R 52 Wi bR AH 56 S « L AR B
R B IR YT I N [2-4,6,7,13] . 1E LLC BRI, MDSC 2 iR 2 41 5 Ay L 3 1) 4
PRI p Sy, HE R SRR E VM. Bk, F% LLC MA@ E ., TE
1) MDSC 7 @i ts, BA WL M HAME . 540 s RIS 4n A b, 5
WAL N NS A, WA B KRR RSEV AN AL 0T, 2 B R4 )
B T A2 73 06 T SRR IR R, BTGB R A A S 57 B 3 B ) 70 e AR LA B S 3 X

AT T et 4143 MDSC 73 kit F2 7 (1) 2 AN SCBE AT REAT 1 ARAL, B 20 i B
F AT A R LA R B AL 2R AH IR R T AR ORI T A 8200 1k K D e SE iR
JOREEL . BREEA AL, B vl T D> 7 SR S, B T H
ML IERIRHYE . X TR EITRE qPCR. SEI%E IR MG I 5 SESK IR W I &, 0=
GrIR AR O R B SEIG 25 RN AR e tE S PSR . BRI, AHIF T g S AR A IR LA L 1 S
Yr{E, AIONSEARIREIRE MDSC 1 )5 2Lt S (R E IR SCR o

FESy IR G AN % iE J5 T, ASHEFCR I T Arg-1. Nos2. IL-10. S100A8 F1 S100A9 24 &5
MDSC & A J ThEE A /50 1. Argl.Nos2 2 S100A8/A9 ] /E A& 14 11 41 il (MDSCs)
fcEfabr. B, S100A8/A9 /Eif#E MDSC iffh. ITBMERESHEEST, HE
RIENER G IR P A A0 AR B T S 1) S e ik 5 SO (AR AE B3, S Wt e R,
S100A8/A9 TE filya v K IF LS 1R ] B4, qPCR 45 B 7R, /rik4ifih Argl. Nos2 [
S100A8/A9 “FRHDAeSE R B, Xt —PIRoRiZ 75T 7S MDSC HEf IRy 1 SR o 2
I 2 S RE AR SR

MR, AW TAEE— 2 R s E# (M-MDSC 5 PMN-MDSC) Rt — 5385
Irts BEAh, ARSEIGAN N EE R FIE 2 N DY REHEAT 1A IRAIE, 1 7 45 A A 2 2 S
il Th RE SR IR — BN o AR FTAENUAL 7312 2 B[R I 25 & S 4 I P AR 20 B S5 ¢
AR, AT AR MDSC R ASHIE 5 S sl . 28 F, ARBFPFRESLMET
AN A R MDSC 73 T i M A B2 . 33 5 R e B, IR MDSC 1EH# %
PR T BO1E FHER B 1 AT SEBORIERE AN 7 152 2% .
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