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[ Abstract]  Objective To establish hematopoietic system-specific Marcksl1 knockout mice and explore the effect

of Marcksll gene deletion on hematopoiesis. Methods Using fetal liver competitive transplantation of E15.5 Marcskil

[E£TE ] EEFRF G R SRR A TR (2021-12M-1-024)
[MEHERN ] RONGE (1997—) , 2, AL A FE A BIFFE 07 1) 0 sh A e <7 553 1l T 40 ML BRI ST . E-mail : 1260407943@ qq. com
[EEMEE] DoTk (1983—) , 5, it AFge Ot AR 0 BFST 07 1) < 3k R - S5 0 s AL BT . E-mail ; mayuanwu@ cnilas. org



36

gene knockout mice, we analyzed the proportions of various hematopoietic cell types in peripheral blood at 1, 2, 3, and 4
months after fetal liver transplantation. KSL cells were sorted by flow cytometry and analyzed by RNA-seq. We used
CRISPR/Cas9 technology to generate Marcksll conditional knockout mice and obtained hematopoietic system-specific
Marcksl1 knockout mice by crossing with Vavl-Cre mice. The genotype of the produced mice was confirmed by PCR and
Sanger sequencing. Real-time PCR was used to assess Marcskll mRNA expression in bone marrow and hematopoietic stem
cells. Flow cytometry was used to analyze the proportions of various hematopoietic cell types in bone marrow, peripheral
blood, spleen, and thymus. The effect of Marcksll gene knockout on hematopoietic reconstitution was analyzed by
competitive bone marrow transplantation. Results Marcksl1 gene knockout decreased the proportion of B cells, increased
the proportion of myeloid cells, decreased CLP and CMP, and increased GMP after fetal liver transplantation. RNA-seq
showed that 252 genes were upregulated and 400 genes were downregulated. GO analysis showed that the differentially
expressed genes were significantly enriched in the immune response, plasma membrane, and low-pressure gate calcium
channel activity. KEGG analysis showed that the differentially expressed genes were significantly enriched in hematopoietic
lineage differentiation and cytokine-cytokine receptor interaction-related signaling pathways. We generated hematopoietic
system-specific Marcksl1 knockout mice successfully. Flow cytometry showed that Marcksll deletion did not affect the
steady-state hematopoietic functions of adult mice, but it did affect the hematopoietic reconstitution ability after competitive
bone marrow transplantation. Conclusions We successfully established hematopoietic system-specific Marcksl1 knockout
mice and found that Marcksl1 gene knockout does not affect stable hematopoiesis, but affects hematopoietic reconstitution.

The underlying mechanism requires further investigation. This study provides an animal model to examine the gene function
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of Marcksl1 in adult hematopoiesis and other aspects.
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Table 1 sgRNA target sequence and oligos

LILYS 5]l
Target Sequence
sgRNAT(PAM) GGTGATGTTGGATGGGAGTG (AGG)

M-Marcksl1-E2A-sgRNA-up
M-Marcksl1-E2A-sgRNA-down
sgRNA2(PAM)
M-Marcksl1-E2B-sgRNA-up
M-Marcksl1-E2B-sgRNA-down

5’ -TAGGTGATGTTGGATGGGAGTG-3’
5’ -AAACCACTCCCATCCAACATC-3’
GGGAAGAACTTAAACCAACC(AGG)

5’ -TAGGGAAGAACTTAAACCAACC-3’
5’ -AAACGGTTGGTTTAAGTTCTTC-3’




38 o H A PR A 235 2023 4E 6 A5 33 %45 6 ] Chin J Comp Med, June 2023, Vol. 33,No. 6

¥ . M-Marcksll-F/M-Marcksl1-WT-R ~ Fll M-
Marcksl1-F/M-Marcksl1-KO-R , PCR &4 1. 94°C
£ 5 min;94°C F54E 30 s,62°C 157452 30 s, 72°C F54E 30
s, WAETE 30 NMEHR;72°C F54E 10 min; {F3E T 4°C,
B A 2%l IR IR 457 23 il A& 1923 bp il 316 bp.
PCR W 1% W B REWEERE I FL UK S iR . 51907
HIWLFE 2, F MmN BB 2L 5E - 51 %) M-Marcksl1-
loxP-F/M-Marcksl1-loxP-R, PCR 4% {4:: 95°C FF &&
5 min;95°C 4L 20 s, 60°C F4E 30 s, 72°C F54E 2
min , J} A B 30 MG 72°C $5 42 10 min; {FRT
4°C, 514 Cre-F/Cre-R, PCR 4147 :95C $74E 5
min;95°CFFLE 20 s,60°C 722 30 s,72°CH52E 30 s, I
AR 30 MEH; 72°C FF2E 10 min; SR T 4°C, 5
PR 5T R B 2571 49 1) & 1842 bp Fil 235 bp.,
PCR W1 1. 5% 1 35 BE W 88 Jie v DK J AR 22
ST 2,

1.3.3 ZEftERm s

G5 e PE R A B2 50 . I E1S. 5 /N BRI I il
AN R, B 0. 01 ee BRATAIME AN 1x10° 3%
Sk E BEAE I (CD45. 1 /NER) TR G, 8 i Dk 2 i
AZGHBUER IR Z RN (9 Gy, X H4k) (CD45. 1/
CD45. 2 /NR) R, Bt G FA4 H R Z /N
BAME I AT 2B I 40 AE & EE L 4 S A S T
SZAR/N R B BE A AT AT . Cul X BRI
B, KO SRR /N

BUAE BRI SE Gt B SRR A 5200 . 1x107 A8
BEA M ( Marcksi1/Vavl 7N B0 BB 4H , Marcksl1””
INECRH R IRAE) 5 1 x 107 S35 4 v B 6 40 i
(CD45. 1 /M) TR A, & i Dk S ik A 28 3 3ot B
SHHYZ AR /NEL (CD45. 1/CD45. 2 /N ., B s
B RAE SZ AR /N BRUAM A it 28 47 3 =X 43 A 400 .
o Cul Xt HR/NER, cKO S 45 FmilR /N

&2 PREENEEES YIS

Table 2 Primer sequences for genotype identification

519 ¥l PCR =4
Primer Sequence Amplicon
M-Marcksl1-F 5’ -TCCAGGCCCGGTGAG-3’ 1923 bp
M-Marcksl1-WT-R 5’ -GCCTCATCTGTTCCGTTCAC-3’
M-Marcksl1-F 5’ -TCCAGGCCCGGTGAG-3’
M-Marcksl1-KO-R 5’ -TCTGTAGGTGGAGGTTGATAGC-3’ 316 bp
M-Marcksl1-loxP-F 5’ -CTGTGAGGGGTGAGGGTGATGTT-3’ 1842 bp
M-Marcksl1-loxP-R 5’ -AACTTATATTGCCTGTCTTCCC-3’
Cre-F 5’ -TACTGACGGTGGGAGAATG-3’ 437 bp
Cre-R 5’ -CTGTTTCACTATCCAGGTTACG-3’
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c-kit* Scal® Lin~CD34” Flt3”
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Lin~Scal " c-kit*
Lin~Scal " c-kit* CD34* CD16~
Lin~Scal~c-kit' CD34*CD16"
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RLANAEL Granulocytes Ly6G”*




o H A PR 275 2023 4F 6 A5 33 #2455 6 4] Chin J Comp Med, June 2023, Vol. 33,No. 6 39

1.4 SZitEHE /NBLELS. 5 RATHEAT SE S RO A 52 0, LA B A U
T A A S R T Flowlo 10 BPFHEATEE  BRANE 1A B, 0 M i T i i s i gE ), 4521
ST, B a2 G118 GraphPad Prism 8. 0 R, S AR B S A /N R4 B Y ik A R A S
B, PR (x4s) FRLIP AR 2D HFE 0%V L BB I (E 1B) . X
P o RAMSTFEA ¢ kS dE A7 2l 0] b3, IR P< L A ] B[R] 5 A0 Jid i vy 22 FE 22 40 B 5 L i
0.05 ZFAGIFEX Frim =N ot , 45 28 s R 20 T bk U 40 L 1 o
) z® L5000 REZH AR LG A S 22 5 (181 1C) , B Itk EL )
P R (B 1D) AR A A L2 2 T ()

2.1 Marcksll EEFRKR /N RAOBRFSmMER 1E) , XA 4 4~ H 5 52 /N BUR & B8 1& 1 +/48
RE M HEA TR, S5 R R K T 40 (LT)
TERTHA TAES , AT A I Marcksl1 FEH w5k 52 B E )T R J U 1 2 A (ST 122 ¥ e A 41 il

i i A KSL 4 G L7 Sl it — A 5 i ik (MPP)MI i b o % 22 % (Bl 1F) . 5 X B4 4
PRI Xt 38 100 ) i 1) 52 ?ﬂl]ﬁr& R /0N BRURIGT fiE LU, PR AL IR R AL 40 ( CLP ) FIE 2R AH 40 i (CMP)

——XfHE Ctrl
-k KO
A B o B
4.5GyX2 2
“m — @ E A
= 80
CD45.1 1X10° cells FACS S
3 60
CD45.1/CD45.2 .\L e e ) «’
£S5 I
> ~ 1 month 2 months 3 months 4 months § 20
5]
E155fetus 0.0l eeFL cells & o . ) . w
1 2 3 4
&} [7](Month)
Time
- X8 Ctrl
—~— kM8 Ctrl X8 Ctl X
C ] D % E e
il KO o Jitl KO ik KO
o 40 » 50 ;\?%’ 00 sk
] ns 3% =277 80
;:% 30 ns ns 252 40 l/l//l\l 3:32%
2.9 =-8 =% 2 60
2 <) BB & 30 Fk *= g 3 "
Eg’gnzo E‘l’g sk gm340 * sk :
QE‘% géb'g 20 sk e :';\‘E'U
E 58 104 55 k\;(gi 20
=5 @5 =a
. 0 T T T T = 0 T T T T 0 '1 é 3' )‘
1 2 3 4 1 2 3 4
i ] (Month) i ] (Month) i [] (Month)
Time Time Time
SHE
F = G = X Cul
T s = — ik KO
Y S0 ° *
£4 EZ 4
5= ns e}
= 20 ==
2% 22 3
25 =] o
g€ 0 §g°
8 =
=5 22 1 ﬁ o
4 A 0 I'*'I g . # 0 "B‘B“ T Ir§‘
kﬁﬂLJﬂl %”ﬁEJ_JIIl Z e ME? ﬂ??ﬁ BAEH  EER
F4nf T éEHH’E AN il HHAN
LT ST MPP CLP CMP GMP MEP
1 A:E15. 5 s - R R B B 2 2R/ N BB 6530 5 C 2 A2 M/INERA MR AR5 T 200 1) LU 4815 D < 320K/ IN BN il v A4k

‘ZﬁBéHﬂH@EI‘JH:Tﬁﬂ-E-:'4125/]\ﬁﬁl‘ﬁl[ﬂﬂ‘{i%ﬂéﬁm%éﬁiﬂﬁ%HSWJ;F:&ﬁidw E B R T A0 S T A 2 AR A AN i Y L
115 G SR/ BB h e B AR AT AN B A LA R A LA | E A R ML EL B, S IR, © P<0. 05, ™ P<0.01, ™ P<0. 001,
Bl 1 Marcksl1 F RS ERXHG FTE i 28 2 RE 1 A9 52 i ( n=3)

Note. A, E15.5 fetal liver competitive transplantation diagram. B, Percentage of donor cells in peripheral blood of recipient mice. C, Percentage of
donor-derived T cells in peripheral blood of recipient mice. D, Percentage of donor-derived B cells in peripheral blood of recipient mice. E,
Percentage of donor-derived M cells in peripheral blood of recipient mice. F, Percentage of LT, ST, MPP in bone marrow of recipient mice. G,

Percentage of CLP, CMP, GMP, MEP in bone marrow of recipient mice. Compared with Ctrl group, * P<0. 05, ™ P<0. 01, ™ P<0. 001.

Figure 1 The effect of Marcksll gene knockout on hematopoietic reconstructive ability
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Note. A, Volcano map of differentially expressed genes.

genes. D, GO (Gene Ontology) enrichment analysis of differentially expressed genes.
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Figure 2 Enrichment analysis of differentially expressed genes in KSL cells of Marcksl1 knockout mice



rp [ A BE 2 A s 2023 4F 6 H A 33 555 6 1 Chin J Comp Med, June 2023, Vol. 33,No. 6 41

A B
AT|9> site A site B
Marckls1 | # * * m
larckls] locus —# El E2 # M1 2345678 o
loxP loxP, e ﬁ&ﬂ&“(: P
Donor —# 3 E2 : # L 1600 bp
LA (0.78 kb) RA(0.8kb) =
CRISPR/Cas9- -
ATG mediated insertion
Marckls1 Flox —H—E]—' E2 ’—H—
C T
GGAGGATCCGAGCTCGGGCCCGATATCATAACT T CGTATAGCATACATTATACGAAGTTAT(C
Genome insertion junction site(up) loxP sequence
TCBGCCTG TGTACTACGCGTGATATCATAACTTCOGTATAATOGTATGCTATACGAAG TTATG
Genome insertion junction site (down) loxP sequence
D - E
N12 3456

Marcksl1” X Vavl-cre
, 1842 bp

\—Y—} —_——— i mm — —
€00 bp

Marcksll”*/Vavl X  Marcksll//

I\
[ 1

4 4B 4B &7t

Marcksll”* /Vavl Marcksll”*  Marcksll”  Marcksl1"/Vavl

|
!
L
A

xR Ctrl
. G . I AR cKO
o)
3
B g
T 2104 o5
X 8
® & °
2405
E ; Heskeok
= kK
Follle 1%
loxP sequence i &40
BM HSC

AR CRISPR/ CasO AN HE Marchsi1 21 B R /N U T B - Marchsl1 4% 4 T BR /1N BUSE [N B 48 58 () PCR 7= L 9k 1415 ML R
Marker DL2000,1.2 2 WT,3.5.6.7 4 Marcks!'” 4 8 3 Marcksl}”™" ; C.: Marchsl1 i A loxP J- B il 7 285 SR el 5 D 65 1 5 G 5
Marcksl1 @R/ R ARAT IS s B 35 10 RS R E Marcksi1 @R/ B AL R BU S 7€ PCR P27 B UK 15 M 2 Marker DL15000; N Sy B4
XTHR 1R Marcksll7' ;2 % Marcks!t”* 33 4 3 Marcksll”* /Vavl ;5.6 K MarcksiV”’ /Vavl ; F: MarcksI1 # [& A B 0900 Fe 45 5 &5 G
Marcks!17! / Va1 /NGB BEZ0 M A5 0L 2T Marcksll mRNA FIAHXTRIEKFE (n=3) . SXHBAAM L, * P<0.001,
3 L LRGSR E MarcksIl R /N
Note. A, Strategy map of Marcksll conditional knockout mice was constructed using CRISPR/Cas9 technique. B, Electrophoresis of PCR
products identified by Marcksll conditional knockout mice genotype. M, Marker DL2000. 1, 2, WT. 3, 5, 6, 7, Marcksit”!. 4, 8,
Marcksi1”*. C, Sequencing result diagram of Marcksl1 inserted loxP fragment. D, Acquisition process of hematopoietic system-specific Marcksl1
knockout mice. E, Electrophoresis of PCR products identified by hematopoietic system-specific Marcksl1 knockout mice genotype. M, Marker
DL15000. N, Negative control. 1, Marcksi1”/. 2, Marcks!'”*. 3, 4, Marcks!?”* /Vavl. 5, 6, Marcksl1”//Vavl. F, Sequencing result of
Marcksl1 knockout fragment. G, Relative expression level of Marcksll mRNA in mice bone marrow cells and hematopoietic stem cells. Compared
with Ctrl group, ™ P<0. 001.
Figure 3 Establish hematopoietic system specific Marcksl1 knockout mice
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Table 4 Birth rate of Marcksll gene conditional knockout mice

He R R HAER

Genetype Birth rate
Marcksi1”™* / Vavl 21/76(28%)
Marcksi1”* 17/76(22%)
Marcksl1”! 18/76(24%)
Marcks1"! / Vawl 20/76(26%)

= X Ctrl

<E = ARk cKO
X =
Z %80 ns
=3 E 0] ns
3 260 ns
o) v
g % -§'40 o DS ns .
2 £ 220 3 ns aya
-5 L e f]
é 0 T T Irgri T T
CD3 CD4 CD8 B220 CDIl1b LyéG

Go BT

Immune cell type

= X HE Ctrl
= JAFRBR KO

o
(=]

ns
301 ﬁ
270 .
= |
15
=

10 ns
0 T
DN

=]

Fa i b am e (% )
Percentage of cells in T

ns
s
T T T M T Fgai
DP CD3 CD4 CD8

i) St

Immune cell type

A2 S Marcks!V” F1 MarcksiV” /Vavl /NEESETH T 4008 B 4000 55 2 40H R 400 LL ;B .2 8 Marcks!1”! 1 Marcks!1" /Vavl /)s

FRAME L T 40 B 2 B 2R A0 CRLAR LA LU ) C .2 % Marcksit” F1 Marcks! /Vavl /NG T 400 B 40 B 2 40 20 1
Hotsil; D22 A Marcksi?! F1 Marcksi1? /Vapl /NEJ IR R T AL AY9 L], CD3:CD3* T 48 g ; CD4: CD3* CD4™ T 4 if; CD8: CD3* CD8* T 41
Jitd; B220: B 4 fifd ; CD11b g R 401 ; Ly6G A 41 il ; DN . CD4~ CD8™ XUBAPEZH I ; DP . CD4* CD8 ™ X BH 1 21 i,
4 Marcksll SRAFEMFRAS A T RIE AN LBl (n=5)

Note. A, Percentage of T cells, B cells, myeloid cells and granulocytes in bone marrow of 2-month-old Marckst”’ and Marckst”’/Vavl mice. B,
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Figure 4 Marcksll deletion has no effect on the percentage of immune cells under steady-state conditions
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Figure 5 Marcksl1 deletion has no effect on the percentage of hematopoietic stem/progenitor cells under steady-state conditions
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Figure 6 Effect of Marcksll knockout on hematopoietic reconstructive ability of hematopoietic stem cells
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