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Abstract: The mechanisms that regulate hematopoietic stem cell (HSC) regeneration after myelosuppressive injury
are not well understood. Here, we showed that disruption of Notch signaling aggravated chemotherapy-induced
myelosuppression in inducible genetic mice. Conversely, Notch activation correlated positively with clinical HSC
engraftment. We used endothelial-targeted chimeric Notch ligand Delta-like 1 (D1R) to activate Notch signaling in
hematopoietic stem/progenitor cells through micro-environmental cellular contact. Recombinant protein D1R con-
tributed to the recovery of the HSC pool and sustained HSC vitality in response to various chemotherapeutic agents
in vivo. Mechanistically, D1R treatment promoted HSC proliferation transiently, prevented HSC exhaustion, correlat-
ed with activation of the downstream phosphoinositide 3-kinase (PI3K)/extracellular-signal-regulated kinase (ERK)/
BCL2 associated agonist of cell death (BAD) signaling axis during regeneration, and partially mediated upregulation
of c-Myc in HSCs. These data reveal an unrecognized role for Notch signaling in promoting HSC repopulation after
myelosuppressive chemotherapy and offer a new therapeutic approach to mitigate chemotherapy-induced injury.
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Introduction

Hematopoiesis is a continuous process of
blood cell production that occurs through the
orchestrated self-renewal, proliferation, and
differentiation of hematopoietic stem cells
(HSCs). HSCs are the only cells capable of pro-
ducing all blood cell lineages. Deficient he-
matopoiesis, which is characterized by pancy-
topenia, occurs when the regeneration and
multi-lineage differentiation potential of HSCs
is damaged by high-dose chemotherapy or radi-
ation. This condition is a life-threatening com-
plication for most cancer patients. Although
several growth factors show single lineage
reconstructive properties in the clinic, few are
effective in regulating the multi-lineage differ-
entiation of HSCs. A new strategy to protect
the HSC pool and resume hematopoiesis from
myeloablative injury induced by antineoplastic
therapy is a substantial unmet clinical need.

HSCs are maintained in the bone marrow (BM)
microenvironment (niche), which includes spe-
cialized niche cells that produce pro-hemato-
poietic factors [1]. Crosstalk between various
niche cells and HSCs is indispensable for HSC
homeostasis and regeneration. Most HSCs
localize adjacent to sinusoidal blood vessels
(perivascular niche), demarcated by BM sinu-
soidal endothelial cells (ECs) [2-4]. It has been
strongly implicated that thin walled, fenestrat-
ed ECs can provide the proper milieu of pro-
hematopoietic signals needed to support the
HSCs, including Notch signaling [5, 6].

Canonical Notch signaling activation is mediat-
ed by Notch ligand-receptor interaction. There
are five Notch ligands (Delta-like 1, Delta-like 3,
Delta-like 4, Jagged 1, and Jagged 2) and four
receptors (Notch 1, Notch 2, Notch 3, and
Notch 4) in mammals. The Delta-Serrate-Lag-2
(DSL) domain of the ligands triggers the release
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of Notch intracellular domain (NICD) from the
receptor. NICD then translocates into the nu-
cleus and associates with the recombination
signal binding protein Jk (RBP-J) to transacti-
vate downstream genes such as Hes and Hey
family members [7]. We previously demonstrat-
ed that, in the hematopoietic cell-microenvi-
ronment, Notch interactions are critical for HSC
expansion and regeneration, particularly mye-
loid reconstruction under homeostasis and
radiation insult, respectively [7, 8]. Therefore,
we hypothesized that Notch signaling might
also contribute to hematopoietic regeneration
after chemotherapeutic injury.

Here, we used conditional deletion of RBP-J in
marrow hematopoietic cells to confirm that
Notch loss-of-function transgenic mice exhibit
a strongly deteriorated hematopoietic reconsti-
tution after chemotherapy. The correlation bet-
ween Notch activation and graft function in
hematopoietic stem cells transplantation (HS-
CT) patients further verified the positive role of
Notch signaling in myelosuppression. In addi-
tion, pharmacologic activation of Notch sig-
naling through the EC-targeted soluble recom-
binant protein D1R improved multi-lineage he-
matopoietic reconstitution by transiently accel-
erating HSC proliferation during early stages of
BM regeneration in chemotherapeutic stress
situations in vivo, which was mediated by acti-
vation of the downstream phosphoinositide
3-kinase (PI3K)/extracellular-signal-regulated
kinase (ERK)/BCL2 associated agonist of cell
death (BAD) signaling axis, and at least partial-
ly due to the D1R-mediated upregulation of
c-Myc in HSCs. Expanded HSCs showed a
robust competitive transplantation advantage
at later stages. Collectively, these data reveal-
ed a novel role for Notch signaling to sustain
hematopoietic stem/progenitor cell (HSPC) re-
constitution in situations of acute chemothera-
peutic stress. Notch-regulated HSPC prolifera-
tion continued until the HSC pool recovered,
thereby preventing hematopoietic exhaustion
during myelotoxic stress. Modulating Notch sig-
naling between HSCs and niche cells could
lead to the discovery of a new pancytopenia
treatment after chemotherapy.

Materials and methods
Mice and poly(l)-poly(C) treatment

Adult 8-week-old male mice were used throu-
ghout the study and maintained under specific-

6724

pathogen-free conditions. Mx1-Cre, RBP-J,
Mx1-Cre-RBP-J7f and Mx1-Cre-RBP-J"* mice ha-
ve been described previously with C57BL/6
background [9]. Homozygous and heterozy-
gous transgenic mice were intraperitoneally
injected with poly(l)-poly(C) (Sigma-Aldrich) to
induct RBP-J deletion in hematopoietic cells
as described previously [9]. All animal proce-
dures were performed in accordance with the
detailed rules for the administration of animal
experiments for medical research purposes
issued by the Ministry of Health of China and
were approved by the Animal Care and Use
Committees of the Southern Medical Univer-
sity, Guangzhou, China.

Cytotoxic agents in vivo administration

C57BL/6, Mx1-Cre-RBP-J”* and Mx1-Cre-RBP-
J7* mice were intraperitoneally injected with
cyclophosphamide (CTX, 150 mg/kg, Sigma-
Aldrich), 5-fluorouracil (5-FU, 150 mg/kg, Sig-
ma-Aldrich) or cisplatin (5 mg/kg, Sigma-Aldri-
ch). Mice were intraperitoneally injected with
D1R (4 mg/kg) or equivalent phosphate-buff-
ered saline (PBS) daily for 7 or 14 days post
chemotherapy as required [7].

Fluorescence-activated cell sorting

Fluorescence-activated cell sorting (FACS) an-
alysis was performed on FACSCalibur™ or FA-
CSAriall flow cytometer (BD Immunocytometry
Systems). The information about antibodies
were listed in Table S1. Data were analyzed
with the FlowJo vX.0.6 software. To monitor cell
proliferation in vivo, 5-bromo-2’-deoxyuridine
(BrdU, Sigma-Aldrich) was administered intra-
peritoneally every 2 days (100 mg/kg) after
chemotherapy and maintained in drinking
water (1 mg/ml) for 7 days. Cell cycle was per-
formed using Pl staining. Apoptosis was ana-
lyzed with Annexin V Apoptosis Detection Kit
(eBioscience).

Immunofluorescence assay

The volunteers and HSCT patients peripheral
blood cells were centrifugally added onto slides
and fixed with 4% polyformaldehyde. The slides
were dried at room temperature, blocked with
fetal bovine serum, and incubated with intra-
cellular domains of Notch 1 (ICN1) primary anti-
body (dilution 1:50, Santa Cruz) overnight at
4°C, followed by incubation with a FITC-con-
jugated secondary antibody (dilution 1:200,
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Invitrogen). The cell nuclei were counterstained
with Hoechst33258. Images were performed
using a laser confocal microscope (FV1000,
Olympus). All subjects gave their informed con-
sent for inclusion before they participated in
the study. The study was approved by the Eth-
ics Committee of 421" Hospital of Chinese
People’s Liberation Army, and written inform-
ed consent was obtained from all subjects, in
compliance with the Declaration of Helsinki.

Colony forming unit assay

Isolated bone marrow nucleated cells were
plated in Methocult 3434 (STEMCELL Tech-
nologies) for 14 days. Colonies consisting of >
50 cells were counted using a microscope.

Competitive bone marrow transplantation

5 x 10°% bone marrow cells from D1R or PBS
treated GFP mice at day 7 after CTX injection
were collected and co-transplanted with 5 x
103 congenic competing BM cells into irradiat-
ed C57BL/6 mice (single 1000 cGy ®°Co y-ray
total body irradiation), through tail vein injec-
tion. Blood chimerism was monitored monthly.
Mice were kept for 8 weeks.

Gene expression analysis

RNA was isolated with TRIzol reagent (Invit-
rogen), and was reverse transcribed to cDNA
(Takara). Quantitative real-time PCR (qRT-PCR,
Takara) was performed in ABI Prism 7500 Real-
Time PCR System, with -actin been used for
normalization. The primers were listed in Table
S2.

Western blotting

LSK (Lin'Sca-1'c-Kit*) cells from D1R or PBS
treated chemotherapeutic mice were lysed with
RIPA buffer at day 7 after CTX exposure, and
subsequently incubated with primary antibod-
ies against PI3K, Erk1/2, pErk1/2, Bad, pBad,
Bax, Bcl-2 and B-actin. The secondary antibod-
ies were peroxidase-conjugated anti-rabbit 1gG
or anti-mouse IgG.

Lentivirus transfection

Expanded LSK cells were transfected using a
pGV118-U6-shRNA-Ubi-EGFP lentivirus pack-
aging, with c-Myc or empty vector, and further
cultured in serum-free medium (StemSpan
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SFEM) supplemented with 20 ng/mL thrombo-
poietin, 125 ng/mL stem cell factor, 50 ng/mL
FIt-3 ligand, 25 ng/mL interleukin-6 and 10 ng/
mL interleukin-3 for 7 days. Quantitative real-
time PCR was performed to confirm c-Myc
knock-down. Lethally irradiated C57BL/6 recip-
ient mice were administered 5 x 103 LSK cells
mixed with 5 x 10°% competing marrow mono-
nuclear cells, via tail vein injection.

Statistical analysis

All data are recorded as mean * standard error
of mean (SEM) and analyzed using SPSS
Statistics 20.0 (IBM, Armonk, New York, US).
Comparisons between two groups were deter-
mined using the students t-test for normally
distributed values and the Mann-Whitney-U-
test for non-normally distributed values. One-
way analysis of variance (ANOVA) was used to
evaluate differences of measurement data am-
ong groups. Survival was analyzed by Kaplan-
Meier analysis. Differences were considered
significant at the level of P < 0.05. GraphPad
Prism 6.0 software was used for graphical
representation.

Results

Notch signaling blockade aggravates chemical-
induced myelosuppression

To determine the naive role of canonical Notch
signaling in myelosuppressive chemotherapy,
we treated C57BL/6 mice with or without cyclo-
phosphamide (CTX) to measure Notch signaling
activity in BM Lin cells following chemotherapy.
Comparison of Hes1, Hesb, Heyl, Hey2, and
Delta-like 1 expression demonstrated no sta-
tistical differences compared to untreated
mice (Figure S1A), indicating that CTX did not
influence the Notch pathway in HSPCs.

We generated Mx1-Cre-RBP-JY" and Mx1-Cre-
RBP-J7* mice and induced homozygous (cKO)
and heterozygous (Ctrl) RBP-J disruption by
injection of poly(l)-poly(C). RBP-J cKO mice sh-
owed no statistically significant alterations in
survival but did exhibit a significant decrease in
total mononuclear cells from the bilateral femur
BM, spleen, and peripheral blood at day 7 fol-
lowing CTX compared with Ctrl mice (Figure
1A). In addition, flow cytometry analysis of Lin
Sca-1'c-Kit* (LSK) cells from the BM and spleen
confirmed a robust aggravation in RBP-J cKO
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Figure 1. Notch signaling blockade aggravates chemical-induced myelosuppression. A. Total mononuclear cells of
bome marrow (BM), spleen (SP) and peripheral blood mononuclear cells (PBMCs) from Mx1-Cre-RBP-Jf (cKO) and
Mx1-Cre-RBP-J7* (Ctrl) mice 7 days after 150 mg/kg CTX treatment. B. Representative FACS profiles (left) and num-
bers (right) of BM and spleen LSK (Lin'Sca-1*c-Kit*) cells in cKO and Ctrl mice 7 days after CTX. Data are presented

as the means * SEM (n=6). *P < 0.05, **P < 0.01 vs Ctrl.

mice (Figure 1B). Consistent with previous
reports [10], inactivation of Notch signaling
blocked T cell development (Figure S1B) and
myeloid lineage differentiation (Figure S1C).
These data demonstrate that disruption of No-
tch signaling blocked hematopoietic reconsti-
tution following a myelosuppressive-dose of
CTX, particularly in the stem cell pool.

Notch activation correlates with graft function
in HSCT

To assess whether Notch signaling was active
in myeloablative chemotherapy patients, we ex-
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amined the nuclear localization expression of
Notch 1 intracellular domain transcription fac-
tor (ICN1) in peripheral blood mononuclear
cells from healthy volunteers and allogeneic
hematopoietic stem cell transplantation (allo-
HCT) patients. Poor graft function (PGF) is
defined as a failure to achieve two or three ade-
quate blood counts (absolute neutrophil co-
unt < 0.5 x 10%/L, platelet counts <20 x 10%/L,
or hemoglobin < 80 g/L) by day 28 following
allo-HCT in the presence of complete donor
hematopoiesis [11]. All healthy individuals and
pretransplant patients displayed similar ICN1
nucleus expression; however, ICN1 was enri-
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Figure 2. Notch activation correlates with graft function in HSCT. A. PBMCs stained with ICN1 (red) and Hoechst
(blue) at two weeks after allo-HCT, from healthy human volunteers (Ctrl, n=10) and allo-HCT patients either with
good graft function (GGF, n=18) or poor graft function (PGF, n=13). B. Quantitative RT-PCR analysis of Hes1, Hes5,
Heyl and Hey2 in PBMCs at two weeks after allo-HCT, from healthy human volunteers (Ctrl) and allo-HCT patients
with GGF or PGF. Data are presented as the means + SEM. *P < 0.05, **P < 0.01, ***P < 0.001 vs Ctrl.

ched in good graft function (GGF) patients com-
pared to PGF patients 2 weeks after allo-HCT
(Figure 2A). Consistently, modest upregulation
of Notch signaling molecules, specifically Hes1,
Hesb, Heyl, and Hey2, was observed in post-
transplant GGF patients (Figure 2B). These
clinical results indicated that Notch signaling
might positively correlate with the engraftment
post-allotransplant.

Notch signaling promotes BM reconstitution
following CTX

To activate Notch signaling pharmacologically,
we developed a fusion protein, D1R, composed
of the Notch ligand Delta-like | DSL domain and
an arginine-glycine-aspartic acid (RGD) motif
to target niche ECs [7]. Following CTX chemo-
therapy, C57BL/6 mice receiving D1R daily
showed a robust ICN1 nuclear expression in
BM LSK cells in comparison to phosphate buff-
ered saline (PBS)-treated mice (Figure 3A).
Consistent with this observation, LSK cells
revealed similar increased expression of Hes1
and Hesb within 7 days following D1R adminis-
tration (Figure S2A). These studies showed that
Notch ligand recombinant protein D1R effec-
tively activated Notch signaling in BM HSPCs.

Consistent with the temporary splenomegaly
and hepatomegaly (Table 1 and Figure 3B),
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rapid recovery of total mononuclear cells in
bilateral femur BM, spleen, and peripheral blo-
od was observed in D1R-treated mice 7 days
following CTX treatment (Table 1). However, the
difference returned to near-normal at day 14
(Table 1). Notably, myelogenesis recovered
more quickly in D1R-treated mice (Table 1 and
Figure S2B). Consistent with flow cytometry
results, a colony-forming assay revealed that
D1R-treated mice demonstrated larger num-
bers and greater sizes of myeloid colonies,
including BM-derived GM-, M-, and G-colony
forming unit (CFU) (Figure 3C). There were no
differences in granulocyte/monocyte progeni-
tor (GMP), common myeloid progenitor, and
myeloid/erythroid progenitor numbers, but the
GMP proportion was mildly increased in D1R-
treated animals (Figure 3D). Taken together,
these results suggest pharmacologic activa-
tion of Notch signaling accelerated hematopoi-
etic reconstitution after CTX myelosuppression,
with a bias toward myelogenesis.

Notch signaling improves HSC regeneration
following CTX

We next investigated whether D1R could affect
the HSC phenotype after CTX chemotherapy.
D1R administration significantly elevated the
percentage and the number of LSK cells in both
the BM and spleen (Table 1 and Figure S3A).

Am J Transl Res 2020;12(10):6723-6739
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Figure 3. Notch signaling promotes BM reconstitution following CTX. 8-week-old C57BL/6 mice were daily injected with DA1R (4 mg/kg) or equivalent PBS for 7 days
following CTX. A. Representative FACS profiles (left) and rate (right) of intracellular staining of ICN1 in BM LSK cells. B. Pictures of spleen and liver 7 days after
CTX. C. GM-, G- and M-CFU colonies (left) and representative images (right) of BM cells. D. Representative plots (left), numbers (middle) and percentage (right) of
granulocyte/monocyte progenitors (GMP), common myeloid progenitors (CMP) and myeloid/erythroid progenitors (MEP) at 7 days following CTX. Bars, 1 mm. Data
are presented as the means + SEM (n=6). *P < 0.05, **P < 0.01 vs PBS.

6728 Am J Transl Res 2020;12(10):6723-6739



Notch/c-Myc drives HSC proliferation

Table 1. Notch signaling promotes BM reconstitution following CTX

day 14

PBS

P Value PBS D1R P Value

BM cells (x 107)

Spleen cells (x 107)

PBMC (x 10°)

Spleen/body weight (%)
Liver/body weight (%)

LSK in BM (x 10°)

LSK in spleen (x 10°)
Ly6G*CD11b* cells in BM (x 10°)
Ly6G*CD11b* cells in SP (x 10°)

4.69+1.63 6.90+1.93 0.019* 4.44+0.55 6.47+0.50 NS
0.89+0.28 2.90+0.32 0.009**  3.47+0.50 5.84+1.31 NS
0.45+0.05 1.99+0.30 0.044* 1.45+0.13 2.55+0.15 0.005**
0.35+0.02 0.94+0.14 0.044* 0.67+0.05 0.97+0.13 NS
4.78+0.11 6.47+0.41 0.045* 5.32+0.11 5.84+0.32 NS
1.01+0.20 13.7+3.58 0.024* 1.44+0.21 2.92+0.20 0.007**
0.30+0.04 18.5+3.30 0.032* 1.96+0.10 3.85+0.77 NS
43.3+16.5 61.4+17.2 0.012* 19.9+3.37 33.6+x2.00 0.025**
2.37+0.44 17.5+2.67 0.005**  19.0+3.47 28.1+8.02 NS

Ly6G*CD11b* cells in PBMC (x 10°) 0.41+0.07 1.43+0.27 0.023* 0.60+0.12  1.00+0.13 NS

8-week-old C57BL/6 mice were daily injected with D1R (4 mg/kg) or equivalent PBS for 14 days after CTX treatment. Total
nucleated cells, LSK cells and myeloid cells in the BM, spleen and PBMC were performed by FACS. Data are presented as the

means + SEM (n=6). *P < 0.05, **P < 0.01 vs PBS.

Specifically, D1R treatment resulted in incre-
ased numbers (Figure 4A) of long-term HSCs
(LT-HSCs, Lin'Sca-1*c-Kit*CD48CD150%), short-
term HSCs (ST-HSCs, Lin'Sca-1'c-Kit"CD48"
CD1507), and multipotent progenitor cells
(MPPs, Lin'Sca-1'c-Kit"CD48'CD150).

To evaluate the long-term repopulating poten-
tial of HSCs, we further generated competitive
chimeras by transplanting BM cells from D1R-
or PBS-treated chemotherapeutic GFP mice
into lethally irradiated C57BL/6 mice. A greater
proportion of primary donor engraftment in
both the BM and peripheral blood persisted
in D1R-treated mice, with a corresponding
increase of myeloid and B cell lineages (Figures
4B and S3B). Analysis of the percentage of
GFP* LSK cells further confirmed that this dif-
ference was potentially related to HSC reconsti-
tution (Figure 4C). Collectively, these data
revealed that pharmacological activation of
Notch signaling by D1R drove the protection
and recovery of HSC compartments, particu-
larly LT-HSCs.

To assess that the positive role of D1R is me-
diated through HSPC-specific Notch activation,
a colony-forming cell methylcellulose assay
was performed in D1R- or PBS-treated Mx1-
Cre-RBP-J7" and Mx1-Cre-RBP-J”* mice in the
context of CTX chemotherapy. We detected
no difference in total CFU in RBPJ-deficient
mice whether injected with D1R or with PBS
(Figure 4D). These data suggest that D1R par-
ticipated in hematopoietic regeneration at least
partially by activating HSPC Notch signaling
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directly in response to a myelosuppressive
stressor.

Notch signaling restores hematopoiesis after
5-FU and cisplatin injury

To determine whether D1R could accelerate
hematopoietic reconstitution regardless of the
cytotoxic agent, C57BL/6 mice were injected
once daily for 7 days with 5-fluorouracil (5-FU)
or cisplatin and then injected with D1R or PBS
2 h later. Likewise, D1R-treated mice displayed
better hematopoietic regeneration than mice
receiving PBS both in 5-FU- and cisplatin-che-
motherapeutic mice (Figure 5A and 5B). Mo-
reover, consistent with the primary increase of
the myeloid lineage in multi-lineage contribu-
tion (Figures 5C, 5D, S4A and S4B), greater
numbers of LSK cells in spleen (Figure 5E and
5F) and Lin'Sca-1c-Kit" cells in BM (Figure 5E)
were observed in D1R-treated mice, represent-
ing functional HSCs and myeloid progenitor
cells, respectively. There were also an expand-
ed number of B cells in D1R-treated mice com-
pared to PBS-treated mice (Figure S4C and
S4D). Overall, we further validated Notch sig-
naling as a potential countermeasure to stimu-
late HSC regeneration following myelotoxic
stress.

Notch signaling promotes HSC proliferation by
modulating the PI3K/ERK/BAD signaling axis
following stress

Given the profound elevation of HSCs, we
sought to determine whether Notch activation

Am J Transl Res 2020;12(10):6723-6739



Notch/c-Myc drives HSC proliferation

A u D1R Gated on Lin-
g 160 | MPBS x| | sk
S 120 1 ﬁ g _
X 80 1 -
= 40! L)Sca.1i o (7]
o 307 * v = =
£ 2] x s[od | ©f
3 10 - o
Z o S © | 5cmme
C °
\;"\*5 5‘('\\5 N\ L) CD48
B BM PBMC BM PBMC
100 *%k *%k * *
’—'. 100, [ 30 80 [ L
= % 90 . w [ elp 4
g 80 —it _- 5 j‘.r— -] § 207 J"_a_ p —3:— i._
. 23 : 70 @10 T
o 50 60 0 0
o +e k% 4 n.s 10 n.s
.39_ E | ': ™ 3 | . 8 : |
3] ., w8 a2 = A
o = ' 9l F 1%
g "
3 0 0
935 0’\“ ?BS o‘\R 995 o‘\“
¢ D
= *
E. ' *okk = *
- 2 1.0 ’—\ w160, | !
x G [ °
' X o8 o o
o ' n 2 1201
‘t s S Tos] _"':"’L = L
& 04 | E 8 801 L
o — | '
e sl o 021 ' =~
af R " PBS DIR = * g2 AR 8% AR
2] ! 2@ oV ee o0
1 ] _ oV oV O O

Figure 4. Notch signaling improves HSC regeneration following CTX. A. Total numbers (left) and representative FACS
plots (right) of long-term HSC (LT-HSC), short-term HSC (ST-HSC) and multipotent progenitor (MPP) in PBS- or D1R-
treated mice 7 day after CTX chemotherapy. B. BM and PBMCs GFP* engraftment percentages of total nucleated
cells, myeloid (Ly6G*CD11b*), B-cell (B220*) and T-cell (CD3*) at 8 weeks following competitive bone marrow trans-
plantation. C. Representative plots (left) and percentage (right) of donor GFP* cells within the LSK population at 8
weeks after transplantation. D. Total CFU colonies of BM cells in Mx1-Cre-RBP-J7f (cKO) and Mx1-Cre-RBP-J7* (Ctrl)
mice which were daily injected with DAR or PBS for 7 days after 150 mg/kg CTX treatment. Data are presented as
the means + SEM (n=8). *P < 0.05, **P < 0.01, ***P < 0.01 vs PBS.

would promote HSC proliferation. A bromode- ased proportions of proliferating LSK cells
oxyuridine incorporation assay revealed incre- (Figure 6A) and myeloid precursor cells (Eigure

6730 Am J Transl Res 2020;12(10):6723-6739



Notch/c-Myc drives HSC proliferation

5-FU
A BM SP PBMC
= 501 25 *% 3 *
2 30/ a 20
X 40| 15 2
E 8 ; 10 1
5 4] 5
F ool 0 0
PBS D1R PBS D1R PBS D1R
C
+ BM * SP PBMS*
h 500, 20 i 6
=
- ?300 1 15 4
32100 ! ‘ ; - 2| ;
b X 20 0.4]
2=l 2=l
-l 0 0 0
PBS D1R PBS D1R PBS D1R
E PBS
1 ___SsP
i 353 ,,o 15 1 *%k
: X 10 I
. e ; 5
c
3 ] 3o
o~y
5 b0 Pk
'5215- |
‘3510 1
ek 5.
X g

PBS D1R

Sca-1

0
PBS D1R

Cisplatin
B BM * SP xxx PBMC
— 30 20
= |
- 2 15
-.>_<, 10
= 10 5
5
= 0 0
PBS D1R PBS D1R
D BM s SP ,
+
£ 200 25 I_\
= & 150 20
oo
a2 15
O T 100
O 4 10
© ~— 50 5
_>l‘ 0 0
PBS D1R PBS D1R
F —
[ [ =
= X
x 2 e =
9 a' 2 %
t 5 -

Figure 5. Notch signaling restores hematopoiesis after 5-FU and cisplatin injury. 8-week-old C57BL/6 mice were
intraperitoneally injected with PBS or DAR daily for 7 days post 5-FU (150 mg/kg) or cisplatin (5 mg/kg) chemo-
therapy. (A, B) BM, spleen and PBMCs of PBS or D1R treated mice after 5-FU (A) or cisplatin (B) administration.
(C, D) Marrow, spleen and blood myeloid cells (Ly6G*CD11b*) from PBS- or D1R-treated mice following 5-FU (C) or
cisplatin (D). (E) Representative flow cytometric analysis (left) and total numbers (right) of LSK cells and myeloid
progenitor (Lin'Sca-1c-Kit") in marrow and spleen after 5-FU. (F) Representative plots (left) and numbers (right) of
spleen LSK cells following cisplatin. Data are presented as the means + SEM (n=6). *P < 0.05, **P < 0.01, ***P

< 0.001 vs PBS.

S5A) in BM from D1R-treated mice 7 days after
CTX exposure. Consistent with these results,
we found a higher proportion of LSK cells in
the S phase and a decreased proportion in the
G,/G, phase were detected in D1R-injected
chemotherapeutic mice in comparison to PBS-
treated mice (Figure 6B). Additionally, the ap-
optosis analysis revealed no statistical differ-
ence in live, apoptotic, and dead cells betwe-
en D1R- and PBS-treated mice (Figure S5B).
Mechanistically, Notch activation maintained
HSCs in a brief and transient proliferative peri-
od to accelerate hematopoietic reconstruction
rapidly after chemical-induced myelosuppres-
sion.

To further confirm this hypothesis, we evaluat-
ed the key molecules associated with HSC self-
renewal, proliferation, cycling, apoptosis, and
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quiescence. Within these categories, D1R tre-
atment dramatically upregulated phosphoryla-
tion of ERK1/2 and PI3K in vivo, corresponding
to repression of the apoptotic genes BAD and
Bcl-2-associated X (BAX) as well as an increase
of the anti-apoptotic gene BCL2 following CTX
(Figure 6C). Further, transcriptome analysis of
Cyclin D1 (Ccndl), identified to be critical in the
cell cycle, was enriched in LSK cells from D1R-
treated mice (Figure 6D). Consistent with our
previous finding [7], Csfl, Csf2r, and Csf2rb2
increased in LSK cells purified from D1R-
treated mice. All these markers are related to
myelopoiesis (Figure 6D). These findings indi-
cate that Notch signaling mediated HSC prolif-
eration partially through the PI3K/ERK/BAD
signaling axis in response to a myelosuppres-
sive stressor.
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Figure 6. Notch signaling promotes HSCs proliferation by modulating PI3K/ERK/BAD signaling axis following stress. 8-week-old C57BL/6 mice were daily injected
with PBS or DAR for 7 days after CTX exposure. A. Representative FACS profiles (left) and percentages (right) of BrdU-retaining LSK cells in BM. B. Representative
FACS plots (left) and frequencies (right) of BM LSK cells in phases of cell cycle. C. Western blot images (left) and relative quantification (right) of PI3K, Erk1/2,
pErk1/2, Bad, pBad, Bax, Bcl-2 and B-actin in sorted BM LSK cells. D. Ccnd1, Csfl, Csf2r and Csf2rb2 mRNA expression in LSK fractions by gRT-PCR. Data are
presented as the means + SEM (n=6). *P < 0.05, **P < 0.01 vs PBS.
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Notch signaling induces c-Myc expression to
improve hematopoietic repopulation

To further understand the key molecular effect
of Notch stimulation in HSC proliferation after
chemotherapy-induced myeloablation, we ana-
lyzed our previous gene database derived from
D1R-expanded HSCs [8] and found a signifi-
cant elevation of c-Myc, which was previously
identified as critical in HSC proliferation, differ-
entiation, and survival [12]. Notch activation
increased the c-Myc transcription in LSK cells
in D1R-treated chemotherapeutic mice (Figure
7A). Meanwhile, the expression of c-Myc was
significantly reduced in LSK fractions from
RBP-J knockdown mice after CTX challenge
(Figure 7B). A strong overlap of an RBP-J-
binding site (TGGGAA) on the promoter of c-Myc
was identified using an existing in silico analy-
sis of a chromatin immunoprecipitation fol-
lowed by a sequencing dataset (Figure S6A)
[13]. We therefore hypothesized that D1R-
mediated c-Myc activation could benefit HSC
proliferation after myelotoxic stress.

To test this hypothesis in vivo, we created
hematopoietic chimeras by implanting LSK
cells stably expressing Ctrl-shRNA-EGFP (shC-
trl) or c-Myc-shRNA-EGFP (shc-Myc) (Figure
S6B). These donor cells were mixed with con-
genic competing BM cells and transplanted in-
to lethally irradiated C57BL/6 recipient mice.
We exposed chimeric mice to CTX 8 weeks
post-transplantation and subsequently admin-
istered D1R or PBS for 7 days (Figure S6C).
Constitutive abrogation of c-Myc resulted in a
significant reduction in survival (Figure 7C) and
multi-lineage hematopoietic reconstitution in
peripheral blood (Figures 7D and S6D), as well
as an increase in LSK percentage (Figure 7E).
As expected, D1R treatment caused increased
LSK, myeloid, and B cells engraftment com-
pared to PBS treatment in lentivirus control
mice, which were not rescued by D1R in c-Myc
knockdown mice (Figures 7D, 7E and S6D).
Consistent with our hypothesis, D1R-treated
recipients had decreased EGFP chimerism in
comparison to PBS-treated recipients (Figures
7F, 7G and S6D), which was relevant to the as-
ymmetric increase of both EGFP negative and
positive chimeric donor LSK compartments in
c-Myc-ablated recipient animals (Figure 7E).
These results collectively indicated that Notch
signaling mitigated chemotherapy toxicity par-
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tially dependent on c-Myc-induced hematopoi-
etic cell proliferation.

Discussion

BM toxicity is a common dose-limiting side-
effect for malignant tumor patients undergoing
chemoradiotherapy, immune-checkpoint thera-
py, and molecular-targeted therapy. Available
approaches to facilitate hematopoietic recov-
ery are still limited. HSCs, the core of hemato-
poietic recovery, reside in the BM specialized
micro-anatomical environment. The perivas-
cular niche predominantly regulates HSC
homeostatic balance among quiescence, self-
renewal, and differentiation through multiple
factors, such as signaling lymphocytic activa-
tion molecule, stem cell factor, C-C motif che-
mokine ligand 12, membrane-bound stem cell
factor, thrombopoietin, angiopoietin-1, trans-
forming growth factor-, and the Notch pathway
[14-186].

Notch signaling is thought to determine the cell
fate of HSCs, neural stem cells, and muscle
stem cells, as well as the development of T
cells and vessels [17-19]. Recent studies show
that Notch can be both tumor suppressive and
oncogenic in T cell acute lymphoblastic leuke-
mia, acute myeloid leukemia, and small-cell
lung cancer [20, 21]. Previous studies suggest
the Notch pathway is an HSC-expander and a
radio-protector depending on the context [7,
8, 22]. Nonetheless, its role in mitigating che-
motherapeutic cytotoxin in vivo remains unkn-
own. Because the mechanisms driving he-
matopoietic reconstruction are not directly
transposable between irradiation and chemo-
therapy [23, 24], we sought to address these
differences.

Here, we revealed that blocking Notch signaling
in inducible genetic mice impaired hematopoi-
esis regeneration after myelosuppressive che-
motherapy. Complementarily, spatiotemporally
constrained activation of Notch signaling th-
rough pharmacologic gain-of-function mice ac-
celerated multi-lineage hematopoietic reconsti-
tution after treatment with various cytotoxins.
Moreover, both LT-HSC and ST-HSC contents
were preferentially repopulated in a Notch-
dependent manner after hematopoietic insult.
Compatible with our murine experimental ob-
servations, clinical association substantiated
that allo-HCT patients with GGF displayed a
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Figure 7. Notch signaling induces c-Myc expression to improve hematopoietic repopulation. (A, B) Expression of c-Myc in BM LSK cells isolated from PBS- or D1R-treated
C57BL/6 mice (A), as well as from Mx1-Cre-RBP-J7 (cKO) or Mx1-Cre-RBP-J7* (Ctrl) mice (B) at day 7 following CTX challenge. (C-G) Ctrl-shRNA-EGFP (shCtrl) or c-Myc-shRNA-
EGFP (shc-Myc) transfected LSK cells (5 x 10%) mixed with BM cells (5 x 10°) from C57BL/6 mice, were transplanted to C57BL/6 recipient mice through tail vein injection
after 1000 cGy lethal TBI. The chimeric mice were daily treated with D1R or PBS for 7 days following CTX exposure at 8-weeks post-transplantation. (C) Survival curve. (D)
Percentages of myeloid (Ly6G*CD11b*) and B-cell (B220*) in PBMCs at 9 weeks after HSCT. (E) Representative flow cytometric analysis (left), percentages of LSK
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engraftment (middle) and EGFP* LSK engraftment (right) in BM at 9-weeks post-transplantation. (F) PBMCs EGFP*
engraftment at 4-, 8- and 9-weeks post-transplantation. (G) PBMCs EGFP* engraftment of myeloid-, T- and B-cells.
Data are presented as the means + SEM (n=6). *P < 0.05, **P < 0.01, ***P < 0.001 vs Ctrl or vs PBS.

high level of Notch activation and vice versa.
These results provide evidence that the Notch
pathway could be an effective strategy to limit
myelosuppression from chemotherapy.

The endothelial-targeted Notch recombinant
ligand protein D1R might also activate Notch
signaling in the vascular niche microenviron-
ment, especially in ECs, which are essential for
the self-renewal and repopulation of Notch-
dependent HSCs [25]. Therefore, it is important
to investigate whether the positive role of D1R
in the current study is mediated through HSPC-
specific Notch activation. We induced a D1R-
induced Notch signaling activation in BM HS-
PCs in vivo. Furthermore, D1R promoted hema-
topoietic recovery in wild-type, but not RBP-J-
deficient mice. As such, this finding indicates
that D1R partially modulates hematopoietic
regeneration in a HSPC-specific, Notch-depen-
dent manner.

We further demonstrated that Notch mitigated
chemotoxicity was not mediated by attenuating
apoptosis, but rather due to transiently switch-
ing HSCs to a proliferative state, which is incon-
sistent with our previous study [7]. A possible
explanation for this discrepancy is that D1R-
mediated signaling has distinct spatiotemporal
effects on HSCs in response to cytotoxicity ver-
sus irradiation, due to the different mecha-
nisms by which they cause damage. lonizing
radiation primarily induces acute hematopoiet-
ic toxicity, such as HSC apoptosis and senes-
cence [26]. However, cytotoxic drugs cause
long-term hematopoietic exhaustion by dose-
limiting late myelotoxicity to HSCs [27, 28]. In
this work, transient and reversible proliferation
is critical to attenuate chemotherapy-induced
HSC exhaustion and to adequately meet
increased hematopoietic demands. The subse-
quently reduced proliferative burden can pro-
tect quiescent HSCs to avoid hematopoietic
exhaustion and to maintain long-term hemato-
poiesis. We therefore sought to address the
specific mechanism of Notch-induced HSC pro-
liferation at the time of exposure to cytotoxic
agents.

HSC activation is driven in part through inter-
feron-a, interferon-y, granulocyte colony-stimu-
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lating factor, and ERK signaling [29, 30]. How-
ever, the relationship between Notch and HSC
proliferation remains poorly understood. Our
data showed that Notch ingeniously drives a
harmonious signaling network in parallel with
an upregulated PI3BK/ERK proliferation path-
way, elevated BCL2 survival signaling, down-
regulated BAD/BAX apoptosis axis, as well
as overexpressed Ccndl for G /G,-S transi-
tion. Several lines of evidence point to a link
between PI3K/AKT/mTORC1 signaling and HSC
activation, but some studies delineate that
HSC dormancy is mediated partly through the
ERK pathway [29, 31]. In the current study, we
detected a Notch-mediated synchronous
upregulation of PI3K-ERK signaling in HSCs
during a cytotoxic emergency. We propose that
key molecules could contribute to Notch-
induced HSC recovery in chemotherapeutic
emergency hematopoiesis.

Our data describe a Notch-modulated critical
role of c-Myc in maintaining HSC viability during
metabolically unfavorable conditions. Previous
research has shown that Myc precisely regu-
lates normal HSC hierarchies including self-
renewal, proliferation, differentiation, and sur-
vival by highly-combinatorial enhancer systems
[12, 32]. Partial knockdown of c-Myc by lentivi-
rus results in severe cytopenia and accumula-
tion of ineffective HSCs in situ, supporting pre-
vious observations that conditional elimina-
tion of c-Myc in the BM results in mutant HSC
failure to initiate normal stem cell differentia-
tion [33]. Nevertheless, Myc controls the bio-
synthetic machinery of stem cells without af-
fecting their potency [34]. Thus, activation of
Notch signaling in vivo shows beneficial effects
on multi-lineage reconstitution; although, D1R-
treated recipient mice displayed decreased
EFGP donor engraftment. This inconsistency
might be a response to the different recon-
struction efficiencies of EGFP positive and neg-
ative donor cells in chimeric recipients. In addi-
tion, we previously confirmed the safety of
Notch activation through in vivo competitive
repopulation conditions [7]. Further investiga-
tions are required to elucidate the relation-
ship between c-Myc and the PI3K/ERK axis in
hematopoietic reconstitution dominated by the
Notch pathway.
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Figure 8. Graphic illustration of the study. D1R mediates Notch activation in a EC-HSC manner, and promotes multi-
lineage hematopoietic reconstitution from chemotherapy-induced exhaustion by transiently accelerating HSCs pro-

liferation partially via c-Myc.

We also observed moderate Notch-related my-
eloid skewing following chemotherapeutics my-
elosuppression, partially consistent with our
previous study [7]. A recent study suggested
that Notch is dispensable for myeloid progeni-
tors in adult steady-state RBP-J deficient mice
[35]; however, it has also been reported that
Notch signaling distinctly contributes to myeloid
differentiation through cell-cell contact-depen-
dent mechanisms in normal and stress hema-
topoiesis, including upstream signaling of bone
morphogenetic protein [36], a disintegrin and
metalloproteinase 10 [37], and nuclear factor
erythroid-2-related factor 2 [38], as well as
downstream signaling of nuclear factor kappa
B, PU.1, CCAAT/enhancer binding protein «,
and interleukin-6 [39]. These factors were also
implicated in acute megakaryoblastic leukemia
and myeloid malignancies [40, 41]. Consequ-
ently, the controversial role of canonical Notch
signaling in myeloid differentiation is context-
dependent and remains to be defined.

Conclusions

In conclusion, the present study demonstrated
a previously unrecognized role for Notch signal-
ing in the regulation of HSC regeneration after
myelosuppressive chemotherapy. Notch activa-
tion resulted in efficient and transient HSC pro-
liferation and expansion, which correlated with
activation of the downstream PI3K/ERK/BAD
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signaling axis, which was at least partially due
to the upregulation of c-Myc (Figure 8). Unlike
lineage-specific strategies such as transfu-
sions and hematopoietic growth factors, endo-
thelial-targeted Notch pharmacologic gain-of-
function was multi-lineage comprehensive,
sustainable, and safe. Therefore, our work here
emphasizes the prominent role of Notch signal-
ing in ameliorating short- and long-term myelo-
suppressive injury after cytotoxic agents, dem-
onstrating therapeutic potential for preclinical
translation.
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Table S1. Antibodies used in this study

Name Supplier Clone #
anti-mouse BrdU-APC eBioscience  Bu20A
anti-mouse CD34-percp/cy5.5 Biolegend HM34
anti-mouse FcyRII/III-FITC BD Pharmingen 2.4G2
anti-mouse CD150-percp/cy5.5 Biolegend TC15-12F12.2
anti-mouse CD48-PE Biolegend HM48-1
anti-mouse CD3¢e-APC Biolegend 145-2C11
anti-mouse B220-APC Biolegend RA3-6B2
anti-mouse Ly6G-FITC BD Pharmingen 1A8
anti-mouse CD11b-APC Biolegend M1/70
anti-mouse Sca-1-FITC eBioscience D7
anti-mouse c-Kit-PE Biolegend 2B8
APC-conjugated anti-mouse lineage antibody cocktail BD Pharmingen 145-2C11, M1/70, RA3-6B2, TER-119, Ly-76, RB6-8C5
anti-mouse Streptavidin-APC Biolegend polyclonal
Rabbit polyclonal to activated ICN1 Abcam polyclonal
Cy3-conjugated goat anti-rabbit IgG Jackson polyclonal
ERK1/2 Cell Signaling  137F5
pERK1/2 Cell Signaling D13.14.4E
PI3K Cell Signaling  4249T
pBAD Cell Signaling  5284T
BAD Cell Signaling  9239T
BAX Cell Signaling  Polyclonal
BCL2 Cell Signaling D17C4
B-actin Sigma-Aldrich  AC-15
HRP-conjugated goat anti-rabbit IgG Boster BioTec  polyclonal
goat anti-mouse 1gG Boster BioTec  polyclonal

Table S2. Sequence of oligonucleotides and primers

Gene Purpose Sequence

Cre-F Genotyping 5’-CCGGTCGATGCAACGAGTGATGAGG
Cre-R Genotyping 5’-GCCTCCAGCTTGCATGATCTCCGG
RBP-J-F Genotyping 5’-GTTCTTAACCTGTTGGTCGGAACC
RBP-J-WT-R Genotyping 5’-GCTTGAGGCTTGATGTTCTGTATTGC
RBP-J-floxed-R Genotyping 5-ACCGGTGGATGTGGAATGTGT
B-actin-F RT-PCR 5’-CATCCGTAAAGACCTCTATGCCAAC
B-actin-R RT-PCR 5’-ATGGAGCCACCGATCCACA

mus Hes1-F RT-PCR 5’-AAAGACGGCCTCTGAGCAC

mus Hes1-R RT-PCR 5-GGTGCTTCACAGTCATTTCCA
mus Hesb-F RT-PCR 5’-CTGGAGATGGCCGTCAGCTA

mus Hes5-R RT-PCR 5’-GTAGTCCTGGTGCAGGCTCTTG
mus heyl1-F RT-PCR 5’-CATGAAGAGAGCTCACCCAGA
mus hey1-R RT-PCR 5’-CGCCGAACTCAAGTTTCC

mus hey2-F RT-PCR 5’-GAGGAAACGACCTCCGAAA

mus hey2-R RT-PCR 5’-GACCTCATCACTGAGCTTGTAGC
mus Delta like 1-F RT-PCR 5’-CCCATCCGATTCCCCTTCG

mus Delta like 1-R RT-PCR 5-GGTTTTCTGTTGCGAGGTCATC
mus Csf2rb2-F RT-PCR 5’-TTCCAGCCAGATCGTGACCT

mus Csf2rb2-R RT-PCR 5’-CCCCAAGAGATACACTCCATTCC
mus Csf2r-F RT-PCR 5’-CAATGACTACACCAACCG

mus Csf2r-R RT-PCR 5’-GACACATCTTCTGGGCAC
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mus Csf1-F
mus Csf1-R
mus Ccnd1-F
mus Ccnd1-R
mus PIK3ca-F
mus PIK3ca-R
mus BAX-F
mus BAX-R
mus BCL2-F
mus BCL2-R

RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR
RT-PCR

5’-CGACATGGCTGGGCTCCC
5’-CGCATGGTCTCATCTATTAT
5’-GCGTACCCTGACACCAATCTC
5’-ACTTGAAGTAAGATACGGAGGGC
5’-CCACGACCATCTTCGGGTG
5’-ACGGAGGCATTCTAAAGTCACTA
5’-TCGTCCATCGAGGATGACTTC
5’-TGCAGAGAGAGGATACTGTAGAC
5’-ATGCCTTTGTGGAACTATATGGC
5’-GGTATGCACCCAGAGTGATGC
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Figure S1. Notch blockade resulted in a block of T cell development. A. 8-week-old C57BL/6 mice were injected with
or without CTX intraperitoneally. Three days later, BM Lin" cells were collected to perform Hes1, Hes5, Hey1, Hey2
(left) and Delta like 1 (right) MRNA expression by qRT-PCR. B. Representative FACS profiles (left) and percentages
(right) of thymus (Th) and PB T cells (CD3") in Mx1-Cre-RBP-J7* (cKO) and Mx1-Cre-RBP-J7* (Ctrl) mice 7 days after
150 mg/kg CTX treatment. C. Representative FACS plots (left) and percentages (right) of BM and spleen myeloid
cells (Ly6G*CD11b*) in cKO and Ctrl mice 7 days after CTX. Data are presented as the means £ SEM (n=6). *P <
0.05, n.s P> 0.05 vs Ctrl.
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Figure S2. Notch promotes BM reconstitution following CTX. 8-week-old C57BL/6 mice were daily injected with D1R
(4 mg/kg) or equivalent PBS for 14 days following CTX treatment. A. Hes1 and Hes5 mRNA expression in sorted BM
LSK cells at 3 days after CTX. B. Representative FACS profiles of BM, spleen and PB myeloid cells (Ly6G*CD11b")
ondays 7 (D7) and 14 (D14) post CTX exposure. Data are presented as the means + SEM (n=6). *P < 0.05, **P <
0.01 vs PBS.
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Figure S3. Notch improves HSC regeneration following CTX. A. Representative FACS plots of LSK cells in marrow and
spleen 7 (D7) and 14 days (D14) after CTX chemotherapy (n=6). B. Representative flow cytometric analysis of donor
GFP* nucleated cells, myeloid (Ly6G*CD11b*), B-cell (B220*) and T-cell (CD3*) in the BM and PB of recipient mice at
8 weeks following competitive bone marrow transplantation (n=8).
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Figure S4. Notch signaling restores hematopoiesis after 5-FU and cisplatin injury. 8-week-old C57BL/6 mice were
intraperitoneally injected with PBS or D1R daily for 7 days post 5-FU (150 mg/kg) or cisplatin (5 mg/kg) chemo-
therapy. (A, B) Representative FACS profiles of marrow, spleen and blood myeloid cells (Ly6G*CD11b*) from PBS- or
D1R-treated mice following 5-FU (A) or cisplatin (B). (C) Representative plots (left) and numbers (right) of spleen and
PB B cells (B220*) after 5-FU treatment. (D) Representative FACS plots (left) and numbers (right) of B cells (B220%)
in PB following cisplatin. Data are presented as the means + SEM (n=6). **P < 0.01, ***P < 0.001 vs PBS.
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PI3K Bax  Bcl-2

Figure S5. Notch mediates HSCs proliferation. 8-week-old C57BL/6 mice were daily injected with PBS or DAR for 7 days after CTX exposure. A. Representative plots
(left) and percentages (right) of BrdU-retaining myeloid precursor cells (Ly6G*CD11b*) in marrow. B. Representative FACS profiles of BM apoptotic LSK cells. C. West-
ern blot original whole membranes of PI3K, Erk1/2, pErk1/2, Bad, pBad, Bax, Bcl-2 and B-actin in sorted BM LSK cells. D. PI3K, Bax and Bcl-2 mRNA expression in
LSK fractions by qRT-PCR. Data are presented as the means + SEM (n=4). **P < 0.01 vs PBS.
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Figure S6. Notch facilitates hematopoietic reconstitution in response to c-Myc. A. Chromatin localization peaks of RBP-J-binding sites (TGGGAA) on c-Myc gene
promoter in mouse, using an existing in silico analysis of chromatin immunoprecipitation followed by sequencing dataset. B. Knock down of c-Myc expression using
lentivirus-mediated shRNA transfection. C57BL/6 mice BM LSK cells were transfected and cultured with three different shRNAs targeted c-Myc, followed gRT-PCR 7
days later. C. Schematic representation of lentivirus transfection Ctrl-shRNA-EGFP (shCtrl) or c-Myc-shRNA-EGFP (shc-Myc) and hematopoietic stem cell transplanta-
tion. D. Representative flow cytometric analysis of PB myeloid- and B-cell engraftment on weeks 9 post-transplantation. Data are presented as the means + SEM
(n=6). *P < 0.05, **P < 0.01 vs Ctrl-shRNA.



