rh E 40 2B Y022 244 Chinese Journal of Cell Biology 2023, 45(5): 714-724 DOI: 10.11844/cjcb.2023.05.0003

& A3 %71 I /48 40 IS 5E 0 43 1L B9 20

WES XKD OMERD O EWMH OKIFHRST OREESY RXAY ZW
FANE EHY HFoE-T
(" ] AR 2 B 5 15 Bt (P ] 125 2 A 2 B M 2 0F T ), AR B I 2 e, S i i 2 [ X 2 A SRR =5,
] SR ML 2R 8 9 W AR 125 25 0T 55 P, A B A ST 52 6 =5, JREE 300020 2K EE IR 22 i BRATE 70 B, KEE 301600,
S TIRIRIE SRR, | AREERIR S, A 5E 523808)

HES % & B3 (proteinase 3, PRTN3)Z —FF o M 22 RERE & B, 5w Rk, L8 Hi
Feta OB A K. TP K I, Prin3feik dn T mie & R GA, (2 A W F AR E LA A
#. B LR FA, %R E @R KN T 77 B AT Prin3 A B £ 5 A AL (W) 4@ i F 4
FER Sy A FEPrn3 K B S R(Prin3 ™), 3t KA R e R e dn 5 Mo R 5 A7 Prin3 s RoF
B ¥ 49LT-HSC. ST-HSC. MPP. CMP. GMP. MEPZR 51t & 3 4m it 69 2% B Ao bl A5, AR9hF /48 4m
Hbﬁéwﬂbﬁvm%ﬂft% S HTLSK 20 i 4 38 58 Fr 4340 B ST S A AL K 30 AT Prin3 ™~ RLSK 4m i
P EE RN VARSI B, R Fa B P &Rt o 4w 064 4K B Fe b4, o 9R SRR AT Prin3 ) RS
JiAFo B B8 P AR d fm AL A . 4 R B, Prin3fe s Rk s F/48m b0, A HE 2 AR £ 4848 (CMP
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Abstract

tissue damage, and apoptosis. Recent studies have reported that Prn3 is highly expressed in hematopoietic stem/pro-

PRTN3 (proteinase 3) is a neutral serine protease, which is associated with pathogen elimination,

genitor cells, but the biological functions and annotations remain largely unknown. Here, this article aimed to in-
vestigate Prtn3 expression in the hematopoietic compartment of wild-type mice (WT) by single-cell transcriptomics
and construct a Prtn3 knockout mouse model (Prtn37") to analyze the number and percentage of LT-HSC, ST-HSC,
MPP, CMP, GMP, and MEP as well as the mature blood cells by flow cytometry and blood routine analysis. In vi-
tro single-cell colony assay and CFC assay was used to investigate the proliferation and differentiation potential of
LSKs. Competitive transplantation of isolated mouse bone marrow LSK cells was used to analyze the number and
percentage of different lineages of in PB, SP, and BM, and compare the distribution of donor-derived cells in SP and
BM. The results showed that Prtn3 was consistently high expression in mouse hematopoietic stem/progenitor
cells, especially in myeloid progenitor cells (CMP and GMP). The proportion of LSK and LK cells in the bone mar-
row of Prtn3 mice was significantly higher than that of WT mice, and the number and proportion of LT-HSC, ST-
HSC, MPP, CMP and GMP in bone marrow cells significantly increase (P£<0.05). Single-cell colony assays showed
that the number of cells produced by Prtn3"~LSK cell division, especially the number of small clones, was signifi-
cantly higher than that in the control group (P<0.05). In vitro colony, formation assays showed that the number of G,
M and GM colony formation of Prtn3" LSK cells increased significantly compared with the control group (P<0.05).
Competitive transplantation assays showed that the progeny cells produced by Prtn3” LSKs dropped significantly
(P<0.05), and the proportion of neutrophils and monocytes produced by Prtn3”~LSKs increased (P<0.05), while
the proportion of lymphocytes decreased (P<0.05). In conclusion, the Prtn3 gene is involved in the regulation of
hematopoietic stem/progenitor cell proliferation and differentiation. This study provides a certain theoretical and
experimental basis for the study of the regulation of proliferation and differentiation of hematopoietic stem/progeni-
tor cells for the maintenance of hematopoietic homeostasis.

Keywords  proteinase 3; hematopoietic stem/progenitor cells; proliferation and differentiation; myeloid he-

matopoiesis
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I, R HSPCsHITFPER 2 [ - ALIg REFEAIC, 1
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£ 11 3(proteinase 3, PRTN3) & 7E FH 4 ki 41 iy
ORI 48 N HR PR A B 3 1 B B (human neu-
trophil elastase, HNE) 141 214 11§ G(cathepsin G,
CG)Z Ja e —Fh 22 F IR B (Al s PRTN3IAMU Z
5 RGN A R B, 30 5 AR T B
% Fh 2H 230149 A 5 R 18 8 RE 5005 i 5 8 A2 PR 2
Jif95 (granulomatosis with polyangiitis, GPA). 2%
FH 2 %1 Jifi995 (chronic obstructive pulmonary diseases,
COPD). filiF&ff 4 £F 4EE (pulmonary fibrosis, PF)%%
A RB, PRTNS F EAAAE T h PR 240 (1) 1 R 5
Frrb DL SR A R A A R A A . Ut
Ah, PRTN3 A 0] SR IA 7E RGP R 40 P . AE K 4
PN Bz 4 L TR N i e BE G i OIS R . T, FRATTIE
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1 RIS
1.1 KIezn4)

Prin33E R /N R IR B2 2 25 B AE M R
JBEA PR 28 ) R s B A AR ko RS BROCR LR
By AR RN SE AV BE RS A 2 A4/ N R CSTBLG6-
Ly5.2/CD45. 1 W84 /NER ;5 4+ PR A 25 40 e L
C57BL6-Ly5.2/CD45 2 AU/ o 5256 Zh 5 75
] % 2 o 2 e I 2 0 0 BT T R 5 T B A (specific
pathogen free, SPF)aI¥) 55 17 7% , bRt shPyia kg Iz,
H I EUOK. BT ¥ SN BRI S50 3545 21 o 3 22
2R e A BT W RN 22 2 B I 22 A9 5 Bl sh e H
O B AC BT 3 2= e (HE#ES . IHCAMS-DWLL-
CIFMS2021004-1).

1.2 IMEMSH

B /N BBR 10 ul, I S AR b Be25
)G, T4 A 3 M40 B o Hr A GBS BRI 2 H
B2 W), BC-30) ke il %25 L 40 Mo oA S e
1.3 R 47/ B 8E IS I T /48 46 AR
A A FA &S LE

WA 8~ 12 /N R BEfa , KR E,
MG IR E . RE . BERE, AR T
R B BE B R AEPBE(PBS+EDTA) A TR TH 45 1 .
[[15 mL B0V B INANS mL PBE, 1 mLyES 4%
M Sk B — vt e N BB , TRV VR R ANk,
BE R A0 78 4 e ok . A BRI B 75 um
JEREILYE, 1 500 r/min.0r5 min, F 1 mL PBEVR
HE, AR ST AT A 2 S BGE =l
JHEAT A 2P 44 [Lin-APC(Biolegend, 348703). Scal-
PE/Cy7(Biolegend, 108114). c-Kit-APC/Cy7(Biolegend,
105826). CD34-FITC(eBioscience, 11-0341-85).
CD135-PE(Biolegend, 135306). CD16/32- APC/
Cyanine7(Biolegend, 101327)|Fric, TR gk
FE29 11074~ /mL, - 43 24 i A4 X -Cantol1igk
75T,

1.4 EMT/AAMEEF BB RS
il £ S 36 /N BR (b4, CD45.2) 4 fifi 5 41 i

MR, AT c-KitHiERFH M & S )5, 4 idid I 40 i
(Lin~. c-Kit'. Scal*. LSK)ZHfitu. #4 CD45.1/h
SR A B A PRI, CD4S. 1N R (24 BEAT 58
FHE (9.5 Gy) ) X-5f e 4m RIS HE . FF 1x10° bR/
B LSK4H AL A1 531034~ CD45. 1708 B ) 4= i BE 41 g
RE G, i i ke S R A T B S 1 32 A4/ B
o B JE /RO RBED E4E . BaA H 5
H/NRIEE . BRE . #8a, BHEMAE, H 1 mLyES
R B AN A, PR R AN M AR AR
HRERILLAAM , 3E TR A PTR [CD11b-APC(Biolegend,
101211). CD45R/B220-PE/Cy7(Biolegend, 103221).
Ly6C-APC/Cy7(Biolegend, 128025). CD3-
FITC(Biolegend, 100203). Ly6G-PE(Biolegend,
127607). CD45.1-PerCP(Biolegend, 110725)]#51C,
B¢ J 8 I 3 B 4 M A -Cantol LHEAT 437
1.5 BEEBEKETRR2RREEESH
CD45.1"4Aff1 5CD45.2 YRR 7Y 7o

11257 o J5 B I RNE A2 B RE VKR V) Fr, TE4% %
% H S A [ e 17, PBSYES min, H1750.2% Triton-100
) PBSIfiZ% 30 min, JI A PBS¥ES min(iZ% bR EE 3
W), WA PBS, & 5% MiEE 130 min. %1
1:200 L1 i N 970 CD45.1(Biolegend, 110714)5%# i
CD45.2(Biolegend, 109806) ELbrdri A4 °CHE & 7, in
A PBS¥E5 min, DAPI(Biolegend, 422801)%44% 5 min,
BN PBS¥E S min, FH3f 55 (ThermoFisher Scientific,
p3693 )il E T B A b, BT iU R A Bl
(UltraVIEW VOX)/3#7 CD45.1°40litd 55 CD45.2 4 g 1)
(7
1.6 &I /45 40 A4 58 i B8 4 A 52 BE 2 Ak B
A&

iR %1 A AT LSK A A 2 T 2k
Fric, {5 FH U A M 43 43 43 126 LS LSK 41 i 21 T8
375 25 A B 32 HE (S THSA L 50 ng/mL I B4/ BT
2B 5§ (mouse stem cell factor, mSCF, Peprotech)
F150 ng/mL ) 20 /)N BRI /MR A B (mouse throm-
bopoietin, mTPO, Peprotech)], T 37 °C. 5% COs.
TFIVE FE G TRk R IEIR TR, RRAE (S B B
T B LA B HL S, TR G TR 5T
BB R /INFISCH
1.7 SEEMAER

EETE T 4T ffd (colony-forming cell, CFC)¥% 77 H
T I e — 2 PR R A 22 05 R AHL 4 B R 5 [ AH 4 R
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Al FHE A P 23 346 45 40 146 LSKAH M i\ 21 Meethocult
GF M343415 773 (stem cell technologies) P , [R5 i1
A1 L EF R -HE R IRA TR (100x). FiH
W 35159 DA/ S I AR A, PR LB R T 24 4L
Mo 37 °C. 5% COERBT AN KT 77 3~10 K. LA
B IRV PR AR TR A TSR I RE , 1
o R AR A E .
1.8 RT-PCR#&M

i Ff Picopure RNA % 25451l & (ThermoFisher
Scientific, KIT0204) M /N 5 - fili LSKZH i Al o 1 i
B 7 B RNA. K] iScript cDNA G AR &
(Bio-Rad, 1708891)%4 il cDNA, K SYBR Green’E
# RT-PCRi 7 £ (Bio-Rad, 1708880)i## 1T RT-PCR.
RT-PCRAG Pren3W13IE K-, Prin31 L 51900
5-CCC TGA TCC ACC CGA GAT TC-3'; Prin3f~
W51 5"-GGT TCT CCT CGG GGT TGT AA-3'.
Gapdhf) L3551 N 5'-AGG GCT GCT TTT AAC
TCT GGT-3'; Gapdh{?) N5 4)H5'-CCC CAC TTG
ATT TTG GAG GGA-3'.
1.9 Western blot4&;1

5335 Prin 33 TR i B R [R]85 6 HEZN B LSK
SHM. AN\ 100 L7 Bl 1 Bl 400 i) 770 0 2 g 400 1)
A B Cocktail 4 i FE 2 40 A (2% 10°4y ), FEINANZE
PR AL ) SDSFE A 2% ¢ (ThermoFisher Scientific,
NP0007), HH 7/ RSk, BT 95 °C& @it &
5 min B8 M, SR EEHEZ K EAEH 3 min,
A R AAAE E R EAE . 4080 VIEE FEIK. 300 mA
TEPEIE2 hy 5% =R hiE, 4 °CIFE
1:1 000 LL A7 #3BE 1Y —$t [HT PRTN3$044 (ab103632)]
R, 4 °CHERE 1:5 000 LL 51 H B (1) — Bt (Bio-Rad,
1706516) 1.5 h, IIAA K IEHI(ECL Western blot kit,
Millipore), 1 fiiBio-Rad Chemi Doctb 2% K it &
SRR E B .
1.10 ZRpREE KB F

K H Cell Ranger Version 3.1.0%FEE1T 5 U541
P10 B RN R S 5 A mm 102 (7] 1) EE
Xif o FATIE ] “ScaleData” b $ 71 Bk B Ab AN 284 14
FEHRIAZ 7 FEUHEOB. . HHfE B4 53 B A48
PLR =AM A2 - G2 LA (variable gene). F %
4343 M (principal component analysis, PCA) LA & AE 2k
P B4 777243 BT (uniform manifold approximation and
projection, UMAP). FA/1f# ] Louvain®iyk, N H7E

“RunUMAP”I fir Fi AR TR 1) £ A7), $047FindClus-
ters” BRI AN A f it 47 235 . FeaturePlotiR £ H T-J&
INEEDR Prin 330K
1.1 GitESsE

B4 K H GraphPad Prism 81T 4t 11244347, K
F AR BT Student #5538 HE4T Su it 2% 22 5 40 4, P<0.05
NE G2 F(*P<0.05, *#P<0.01, **#%P<0.001).

2 &
2.1 Prm3fEiEMF/AEMEPERIE

N T FT Prn 376 /)N KRG 4B 40 B R A,
FATTR 20 2 S AN 7 5 120 A T CSTBL/671
B HH 11 c- Kt BH P A G BV 1R BE 41 A 1) 2 Rl 0k
W FRATT AT IS I Prin31E /)N BRI LT /4H 44
T KT R (B 1A) . FoAl 13k — 25 R ] RT-
PCREGE 73 B 1/ B LSK 40 M . 86 2 L [7) 4 40 i
(common myeloid progenitor, CMP). 4 Jig —5#.4%
2 g A 41} (granulocyte-monocyte progenitor, GMP)
FH R f T Pren3 0 ZRIKTE DL, KL Prin31E 1
M /AH A0 ek, FF 35 T R Mk (1
FIEKF (K 1B). [FE, AR A ELISAZ) Hr /)N
i 0T AL 0B (LSK4H L. CMP. GMP)F1H P Fi1
4 g Hh PRTN3 R IE IO, 45 5 78 PRTN3 A {E i
Mg A (B 1C). LA &5 BAZIR, Prin3fE
R 2 36 AL /AH 200 4D 39 E AN B 2R 40 4 1R 4 U T AT
Reite s EEAEA .
2.2 Prin3BR/NERIAE. EERSH

N T TS Pren 36k 906G /IS B3 1T /4 20 g 38
B A A SRR I s, AT RT3k T
Prin3 3R /N B (Prin37 ) (B 2A) . B4 HE
SSE (PCRYK I 55t 73 Prtn3 7N ) Prin 335 DR 0 i b
(B 2B). AT HE—25 W6 Pren376 /8 R A 1T /40
ST Hp ) AR 15 o, R IR S i R 433 H /N R
(1) LSK4HA, R HCH 2 F 1L RNA, J85d RT-PCR4>
BT Prin3~" /N /A 40 H0 b Pren3 00 35 R R 18 7K
LA Western blot/r HT H 8 (1K PR IA . 45
SR Prin37 /N B IE I /AH 40 B Pren 355 R R
IhR R (B 2C AN 2D) o (AR, A ) i o & F0 G 0
SEREIN, Prn37 /N ERIRDRLZH B AN A% 20 B 1) B
J LA S 255 18 00 5 bk EEL 40 %) 50 R B 4] . 2 B AT
(P<0.05)(EI 2EFI & 2F). X 4e2k BARIR, Prin3%E A
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A: UMAPKE B 88. 1A MU IR 312 2851, T 53 AR AN IR (20 B S 28 R A0 ST RE (2 1)) e Pren3E /N BRI I F-/AH 41 i A R 4T
M BERFRIECE D). B: #FKPRIIWT/ N R HERL 4. LSKAHM. CMP. GMPHPrin3F ik 45, C: ELISAKIIWT /N 8 4 FL 41 i o
LSK4MHZ. CMP. GMPHPRTIN3RIL L. **P<0.01, ***P<0.001, ****P<0.000 1.

A: UMAP diagram shows a total of 12 285 cells in bone marrow, peripheral blood, and spleen, and the colors represent different cell types and cell
subsets (left). Expression of Prtn3 in mouse hematopoietic stem/progenitor cells and granulocyte groups (right). B: transcriptional level identification
of Prtn3 expression in neutrophils, LSK cells, CMP, GMP in WT mice. C: ELISA identification of PRTN3 expression in neutrophils, LSK cells, CMP,
GMP in WT mice. **P<0.01, ***P<0.001, ****P<0.000 1.

Bl Pren37EiE I TF/4E AR RIRIA

Fig.1 Expression of Prtn3 in hematopoietic stem progenitor cells
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A: Prin 35 R /N RS R 2 B . B: BERKCPAS I Pron3 /N RLSKAN A H Prin33 1K 15 e C: 3% ARSI Pron3 /N SRLSK AN L H Prin3
RIENE L. D: EAACTAZ I Pron3 /)N LSK AL - PRTN3Z A G L o B: /N Bl A0 ML A i oAl o Fr /N RS R It 5 SRR A b A 0o
*P<0.05, **P<0.01, ***P<0.001.

A: construction diagram of a mouse model of Prtn3 knockout. B: gene level identification of Prtn3 mouse expression in Prtn3™ LSK cells. C: transcrip-
tional level identification of Prtn3 mouse expression in Prtn3”"LSK cells. D: protein level identification of the expression of PRTN3 in Prtn3” mouse
LSK cells. E: results of routine cell count test results in peripheral blood of mice. F: measurement results of routine cell ratio test results in peripheral
blood of mice. *P<0.05, **P<0.01, ***P<0.001.

E2 Pren3BERERFREAE AN EE

Fig.2 Construction and identification of Prtn3 knockout mice



P 4

R A 3 0o 36 I /RELZH e 8 BRI 734 4 5

719

2.3 Pren3miBR3d )RS I F/4E 4R R B E X EE 45
oA

T WS Pren3FE R bR /N BB iE 3G T /48
SRR sz, BATTIE B g A A R 43 A I B A
tefl. B REos: 5 WT/ANRAREL, Prin3~ 7/
CH e LSK4AMI. LK(Lin c-Kit"Scal )40 i [ tb
W AE H 2835 1 5 (P<0.05)(K 3AMTE 3B).
— B K Prin3 /N BB i H LT-HSC(F1k2-
CD34 LSK)4fifl. ST-HSC(F1k2 CD34"LSK)4H it .
MPP(FIk2°CD34 LSK)#iJfl. CMP(Lin c-Kit'Scal”
CD34°CD16/32)4I i fil GMP(Lin c-Kit'Scal"
CD34°CD16/327) 2 ifd It bb 451 A1 %5 & 45 I =2 38
(P<0.05), H MEP(Lin ¢c-Kit"Scal CD34 CD16/32")4H
JELF Ll A7) AN G 2 AR A (B 3AL I 3CHIEI3D).

PL g5 UL, Pran380c T80 BB BEIE /4 40
PR AR B A1) e B S5 2 1 I (MEP & 4
2.4 Pren3EFRLERR &M T /4E AV IETE R
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MEPLLAI 73 #r. D: MPP. ST-HSC. LT-HSCELHI3#r. *P<0.05, *#P<0.01, NS: P>0.05.
A: the flow cytometry measures the proportions of LSK, LT-HSC, ST-HSC, MPP, LK, GMP, CMP, and MEP. B: LK cell and LSK cell ratio analysis. C:
GMP, CMP, MEP ratio analysis. D: MPP, ST-HSC, LT-HSC ratio analysis. *P<0.05, **P<0.01, NS: P>0.05.

E3 Prn3EFERFRXT /RIS M TF/4E ZHAB 20 E K L 5B =200

Fig.3 Effects of Prtn3 knockout on the number and proportion of mouse hematopoietic stem and progenitor cells
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Fig.4 Effects of deficiency Prtn3 on the proliferation and colony formation of hematopoietic stem progenitor cells
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Fig.6 Effect of Prtn3 knockout on hematopoietic reconstitution ability of hematopoietic stem progenitor cells
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