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Abstract: This study aimed to investigate the role of RIP1 and RIP3 in the pathogenesis of aplastic anemia (AA)
induced by cyclophosphamide and busulphan in mice. Animals were randomly divided into three groups: the con-
trol group, the AA group, and the Nec-1 group. Mouse AA model was established by intraperitoneal injection of
cyclophosphamide (40 mg/kg/d) and busulfan (20 mg/kg/d) for 12 days. The Nec-1 group mice received intraperi-
toneal injection of Nec-1 (2 mg/kg/d) for 12 days prior to intraperitoneal injection of cyclophosphamide (40 mg/
kg/d) and busulfan (20 mg/kg/d) for 12 days. The control mice received intraperitoneal injection of equal volume
of saline. At 12 h after the last intraperitoneal injection, blood and bone marrow tissues were collected from mice.
Peripheral blood cells were analyzed using hematology analyzer and the histological changes of bone marrow tis-
sues were examined using scanning electron microscopy (SEM). The levels of RIP3 and RIP3 in bone marrow were
measured using Western blot analysis and the interaction of RIP1 and RIP3 proteins was investigated on the basis
of immunoprecipitation analysis. ELISA was used to measure the levels of IL-6, TNF-a, and FLT-3L in bone marrow
tissue supernatant. Apoptosis and necrosis of bone marrow cells were analyzed using flow cytometry. Western blot
showed that the expression of RIP1 and RIP3 was significantly increases in AA mice compared to the normal con-
trols. Immunoprecipitation detected the pro-necrotic RIP1-RIP3 complex, suggesting that RIP1 and RIP3 mediated
necroptosis may involved in the damage of bone marrow cells. Compared to the AA mice, Nec-1 group mice exhibited
significantly increase of peripheral blood cells and mononuclear cells in bone marrow tissues and decrease of the
apoptosis/necrosis of bone marrow cells. In addition, we observed significant decrease of IL-6, TNF-&, and FLT-3L in
bone marrow tissue supernatant in the Nec-1 group mice compared to AA mice. Our results suggest that Nec-1 can
prevent the development of AA by inhibiting bone marrow cells necrosis and the production of inflammatory media-
tors. RIP1 and RIP3-mediated necroptosis may involve in the pathogenesis of AA induced by cyclophosphamide and
busulfan in mice.
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Introduction

Aplastic anemia (AA) is a blood disorder charac-
terized by hematopoietic stem/progenitor cell
exhaustion, hematopoietic microenvironment
damage, and peripheral blood pancytopenia. It
has been reported that AA is caused by chemi-
cals, biological factors, radiation, or some
unknown factors, but the underlying mecha-
nism is largely unknown [1]. Currently, experi-
mental evidence supports that AA is an autoim-

mune diseases in which abnormally activated T
cells target and damage bone marrow cells.
Previous studies have reported that a number
of negative regulators of bone marrow such as
TNF-a, IFN-y, and FasL were highly expression
in the bone marrow tissue of AA patients, which
activated the apoptosis of hematopoietic stem/
progenitor cells and caused AA [2, 3].

Apoptosis is an important mechanism to main-
tain physiological homeostasis by eliminating
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damaged or transformed cells without causing
local inflammation. It has been reported that
abnormal activation of apoptosis is involved in
numerous human diseases [4]. A large number
of proteins and molecules are involved in the
apoptosis pathway. Among them, the cysteinyl
aspartate specific proteinase (caspase) family
plays a critical role in the initiation of apoptosis,
signal transduction, and apoptosis effects [5].
The recent study has reported that some types
of cells switched from caspase dependent
apoptosis to caspase-independent cell death-
necroptosis when caspase was inhibited by
caspase specific inhibitor zVAD-fmk [6].
Necroptosis is a highly regulated process of cell
death that is initiated by the death ligands
including TNF-a« and FasL and mediated by
receptor interacting protein (RIP) such as RIP1
and RIP3. It has been reported that necroptosis
contributed to the pathogenesis of a wide range
of human diseases such as infectious diseas-
es, neurodegenerative diseases, and autoim-
mune diseases [7-10]. The RIP family members
RIP1 and RIP3 phosphorylate each other and
the RIP1-RIP3 complex induces the formation
of necrotic complex, which is the key step of
necroptosis [11-13].
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Whether RIP1 and RIP3-mediated necroptosis
is involved in the pathogenesis of AA is still not
clear. In this study, we investigated the role of
RIP1 and RIP3 in the development of AA based
on a mouse AA model induced by cyclophos-
phamide and busulphan.

Materials and methods
Reagents

Busulphan and cyclophosphamide were pur-
chased from GlaxoSmithKline and Jiangsu
Hengrui Medicine Co. (Jiangsu, China). Nec-1
and Rabbit Anti-RIPK3 antibody were from
Santa Cruz Biotechnology Inc (California, USA)
and Bioworld Technology, Inc (Minnesota, USA).
Rabbit anti-GAPDH and Goat Anti-Rabbit 1gG
were purchased form Hangzhou Goodhere
Biotechnology, Co. (Wuhan, China) and Biosharp
(China). Fluor 488 annexin V and PI kit were
from Invitrogen (USA). Immunoprecipitation
Si02-MagBeads Kit was purchased from
BioCanal (China). Rabbit Anti-RIPK1, IL-6, TNF-
«, and FLT-3L ELISA kit and protein extraction
kit were purchased from the Boster Company
(Wuhan, China). BCA Protein Assay Kit, SDS-
PAGE Gel preparation kit, and BeyoECL Plus
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Figure 2. Effects of Nec-1 on bone marrow of mice with AA (200x%). A: The normal control; B: The anemia control; C:

The Nec-1 group.

were purchased from the BiosharpBeyotime
Institute of Biotechnology, China.

Animals and grouping

Healthy male ICR mice (18-22 g, 6-8 weeks)
were provided by the Experimental Animal
Center of ZhelJiang Province, China (Certification
No. CSDZG-7). A total of 150 mice were ran-
domly divided into three groups (n=50 for each
group): the normal control, the AA model, and
Nec-1 groups.

Establish of aplastic anemia model

The AA group mice received intraperitoneal
injection of cyclophosphamide (40 mg/kg) and
busulfan (20 mg/kg) for 12 days (one time per
day). The control mice received intraperitoneal
injection of saline of same volume.

Blood test and histopathological examination
of bone marrow

Twenty-four hours after the last intraperitoneal
injection, tail vein blood was collected from
eight mice randomly selected from each group
for blood test. Subsequently, the mice were
sacrificed by cervical dislocation and one femur
was surgically dissected. After removing epiph-
ysis from the femur, bone marrow cells were
washed off using 1 ml PBS to prepare bone
marrow cell suspension. Nucleated cells in 20
ul bone marrow cell suspension were counted
using the blood cell analyzer. The remaining
bone marrow cell suspension was stored for
follow-up experiments.

Another femur were dissected and fixed in 10%
formalin solution for histopathological exami-
nation. The femur was further decalcified in 5%
nitric acid solution for 7~12 h. Then, paraffin-
embedded sections were prepared routinely for
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hematoxylin and eosin (HE) staining and histo-
pathological examination.

Nec-1 administration

The Nec-1 group mice first received intraperito-
neal injection of Nec-1 (2 mg/kg) and then
received intraperitoneal injection of cyclophos-
phamide (40 mg/kg) and busulfan (20 mg/kg)
for 12 days (one time per day). The AA group
mice first received intraperitoneal injection of
saline of same volume as Nec-1 and then
received intraperitoneal injection of Nec-1 (2
mg/kg) and then received intraperitoneal injec-
tion of cyclophosphamide (40 mg/kg) and
busulfan (20 mg/kg) for 12 days (one time per
day).

Hoechst and propidium iodide (PI) staining

After washed with PBS, 5 ul hoechst were
added into bone marrow cells (1 x 108~1 x 107)
and incubated at room temperature for 10-15
mins. After washed with PBS, 5 pl Pl were
added and incubated at room temperature in
dark room for 10-15 mins. Then, the cells were
washed with PBS and examined under fluores-
cence microscope.

Examination of bone marrow cells using scan-
ning electron microscopy (SEM)

After washed with PBS, bone marrow cells were
centrifugated for 5 mins at 600-800 rpm to
precipitate bone marrow cells. The cell pallet
was resuspended and fixed in 2.5% glutaralde-
hyde for SEM examination.

Western blotting to measure the expression of
RIP1 and RIP3

Eight mice were randomly selected on the 3, 6,
9, and 12 days after the intraperitoneal injec-
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Figure 3. Morphological change of bone marrow cells in mice with AA. A: Pl dyeing positive bone marrow cells (red
stained cells), indicated the middle and late stage apoptotic and necrotic cells (400 x, Fluorescence microscope); B:
Normal bone marrow cell (SEM); C: Apoptotic bone marrow cell, cell membrane showed considerable invaginations
(SEM); D: Necrotic bone marrow cell, cell swelling accompanied with cell membrane blebbing (SEM).

tion of cyclophosphamide and busulfan to
examine the expression of RIP1 and RIP3. Bone
marrow cells were collected from one femur as
mentioned above and washed for three times
with PBS. The protein concentration was deter-
mined using the Bradford method. Protein iso-
lation solution was added to bone marrow cells
for total protein extraction. The protein samples
were boiled in water bath for 3 min and 50 pg
total proteins were separated in 10% SDS-
PAGE and transferred to PVDF membrane. After
blocked with 5% skim milk for 1 hr, first antibod-
ies were added and incubated overnight at 4°C.
The PVDF membrane was then rinsed with
TBST for three times and incubated with rela-
tive secondary antibodies (anti-RIP1 and anti-
RIP3, respectively) for 1 hr at room tempera-
ture. The PVDF membrane was washed with
TBST for three times and stained with ECL che-
miluminescence. The expression of RIP1 and
RIP3 was analyzed with the ImageQuant LAS
4000.
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Immunoprecipitation to investigate the interac-
tion between RIP1 and RIP3

After removing supernatant from the bone mar-
row cell suspension by centrifugation, cell lysis
buffer including protease inhibitor was added
to cell pellet and incubated on ice for 30 min-
utes. The cell lysate was centrifugated at 4°C
for 30 min at the maximum speed. A small
amount lysates supernant was stored for
Western blotting assay. Corresponding anti-
body (1 pg) was added to lysates supernant
and incubated at room temperature overnight.
G Sepharose beads (10 ul) were rinsed with cell
lysis buffer and centrifugated at 3000 rpm for
3 mins for three times. Then, the 10 y G Se-
pharose beads mixed with the antibody-incu-
bated lysates supernant and incubated at 4°C
for 2-4 hrs with gentle shake to allow G
Sepharose beads to be well coupled with anti-
body. The mixture was then centrifuged at 4°C
and 3000 rpm for 3 minutes to collect beads
on the bottom. After rinsed with 1 ml cell lysis

Int J Clin Exp Pathol 2014,7(12):8411-8420
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Figure 4. Effect of Nec-1 on death of bone marrow cells in mice with AA. A, B, C: Gated region of flow cytometric
analysis. Green scatter dots indicates the early stage apoptotic population, pink scatter dots indicates the middle
and late stage apoptotic and necrotic population. A: Normal control, B: Anemia control, C: Nec-1 group. D: Percent-
age of early stage apoptotic BMCs, E: Percentage of middle and late stage apoptotic and necrotic BMCs. Yx: P <
0.05, compared with normal control. %: P < 0.05, compared with anemia control.

buffer for 3 to 4 times, 15 yl 2 x SDS loading
buffer was added to the beads and boiled in a
water bath for 5 minutes, and centrifugated to
collectthesupernatantforImmunoprecipitation.

Flow cytometry for evaluation of cell death and
apoptosis

100 pl bone marrow cells (1 x 10%/ml) were
washed with PBS and centrifugated to remove
supernatant. The cell pellet was resuspended
in cell staining buffer and with the addition of 5
pl FITC-Annexin V and 1 ul Pl. After incubation
at room temperature for 10-15 mins, the bone
marrow cells were analyzed with flow
cytometry.

Enzyme-linked immunosorbent assay (ELISA)
for the levels of IL-6, TNF-a, FLT-3L in bone
marrow cells

The stored bone marrow cell suspension was
used in ELISA for the measurement of levels of
IL-6, TNF-a, and FLT-3L. Briefly, after the ELISA
plate wells were coated with antibodies against
IL-6, TNF-a, and FLT-3L, respectively, bone mar-
row cell suspension samples were added to
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allow the binding between cytokines with anti-
bodies. Then, the unbound cytokines were
washed away and secondary antibody was
added for incubation. After washing unbound
antibodies and cytokines, the chromogenic
substrate was added and the OD value was
determined using the microplate reader.
Standard curve of each cytokine was deter-
mined for the evaluation of the levels of IL-6,
TNF-&, and FLT-3L in bone marrow suspension.

Statistical analysis

All data were expressed as mean + standard
deviation (SD) and the t-test was used to evalu-
ate the difference between groups. A P value
less than 0.05 considered to be statistically
significant.

Results

Changes of the peripheral blood cells and
bone marrow nucleated cells

Compared with the control group, the white
blood cells (WBC), red blood cell (RBC), hemo-

Int J Clin Exp Pathol 2014;7(12):8411-8420
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Figure 5. A: Western blot analysis of expression of RIP1, RIP3 proteins in bone marrow of mice with AA. B: The ex-
pression trends of RIP1(red line), RIP3(blue line). *: P < 0.05, **: P < 0.0, compared with 3 d group.
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Figure 6. Formation of pro-necrotic RIP1-RIP3 com-
plex in bone marrow cells of aplastic anemia mice
induced by cyclophosphamide and busulphan. RIP1
was immunoprecipitated and the presence of RIP3
in the immunecomplex was determined by Western
blot. lanes 1: Unimmunoprecipitated control (normal
group); lanes 2: Unimmunoprecipitated control (ane-
mia group); lanes 3: Normal control; lanes 4: Ane-
mia. HC: Heavy chain of antigen; LC: Light chain of
antigen.

globin (Hb), platelet (PLT), and bone marrow
nucleated cell count (BMNC) in the AA group
mice significantly decreased by 64.32%,
42.33%, 20.04%, 61.53%, and 68.25%,
respectively (Figure 1). Compared with the AA
group, WBC, RBC, PLT, and BMNC in the Nec-1
group mice significantly increased.

Histopathological changes of bone marrow

Compared to the control group, the bone mar-
row tissues of AA group mice exhibited inhibi-
tion of proliferation of bone marrow tissues,
replacement of hematopoietic tissues with fat
tissues, significant decreases of hematopoietic
area, megakaryocytes and hematopoietic cells,
and significant increases of endothelial cells,
fat cells and other non-hematopoietic cells. In
addition, the bone marrow of AA group mice
had significantly increased cell degeneration,
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focal necrosis, congestion of stromal sinus,
hemorrhage, and edema (Figure 2).

Compared with the AA group, hematopoietic
cells and megakaryocytes in the bone marrow
tissues were significantly increased in Nec-1
group mice. Endothelial cells in the bone mar-
row tissues significantly reduced in Nec-1 group
mice compared to the AA group mice. In addi-
tion, hematopoietic area increased and edema
was relieved in Nec-1 group mice compared
with the AA group mice (Figure 2).

Morphological changes of bone marrow cells

Both Pl and hoechst can bind with nucleus DNA
(or RNA). PI cannot penetrate the normal cell
membrane whereas hoechst is a fluorescent
dye with cell membrane permeability. The cell
membrane of normal cells and early apoptotic
cells are intact, and can be stained blue by
hoechst. When the cells are at the middle/late
stage of apoptosis or necrosis, the cell mem-
brane is damaged, and then the nuclei were
stained with red PI. As shown in Figure 3A, the
red Pl staining suggests that middle/late stage
apoptosis or necrosis of bone marrow cells in
the AA group mice. SEM further demonstrated
the presence of both apoptotic and necrotic
cells in the bone marrow of AA mice. Under
SEM, apoptotic cells exhibited shrinkage and
retraction of cell membrane, but necrotic cells
swelled with the formation of blisters (Figure
3C and 3D).

In the early stage of apoptosis, posphatidylser-
ine (PS) shifts from the inner side to the outside
of cell membrane. Annexin V is a Ca?-
dependent phospholipid-binding protein that

Int J Clin Exp Pathol 2014;7(12):8411-8420
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Figure 7. Effect of Nec-1 on bone marrow IL-6, TNF-t, FLT-3L levels in mice with AA. A: Normal group, B: anemia
group, C: Nec-1 group. v<: P < 0.05, compared with normal control. %: P < 0.05, compared with anemia control.
Effect of Nec-1 on bone marrow IL-6, TNF-¢, FLT-3L levels in mice with AA.

specifically binds with PS high affinity. Using
fluorescein-labeled Annexin V as a probe, flow
cytometry can distinguish cells at early stage of
apoptosis from dead cells (include middle/late
stage of apoptosis cells and necrosis cells)
when combined with PI staining. Flow cytome-
try results demonstrated that, the ratio of cells
at early stage of apoptosis and dead cells was
significantly higher in the AA and Nec-1 group
mice compared to the control mice. However,
cells at early stage of apoptosis and dead cells
significantly reduced to 29.47% and 35.76% in
the bone marrow tissues of Nec-1 group mice
compared to the AA group mice (Figure 4).

The expression of RIP1 and RIP3 in bone mar-
row cells of mice

Based on Western blot assay, the expression of
RIP1 and RIPs started to increase on the 9th
day and 3rd day post of intraperitoneal injec-
tion of cyclophosphamide and busulphan, and
then the proteins of RIP1 and RIP3 in bone mar-
row were kept at a high level (Figure 5).

Immunoprecipitation of RIP1 and RIP3 pro-
teins in bone marrow cells

After immunoprecipitation of RIP1, Western
blotting results suggested that RIP3 was co-
precipitated with RIP1 based on the observa-
tion of the pro-necrotic RIP1-RIP3 complex in
bone marrow cells of AA mice induced by cyclo-
phosphamide and busulphan. The pro-necrotic
RIP1-RIP3 complex was not detected in bone
marrow cells of control mice (Figure 6). In addi-
tion, the RIP1 and RIP3 proteins in bone mar-
row cells of AA mcie without immunoprecipita-
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tion were significantly higher than that in con-
trol mice, especially the level of RIP3 protein
(Figure 6).

Compared to control mice, the protein levels of
IL-6, TNF-a, and FLT-3L was significantly
increased in the bone marrow tissuss of AA
group mice. Among them, the increase of FLT-
3L was the most significant by 4.46 times of
increase. Compared to the AA group mice, the
the protein levels of IL-6, TNF-a, and FLT-3L
were significantly decreased by 7.91%, 13.73%
and 20.36% in the bone marrow tissues of
Nec-1 group mice (Figure 7).

Discussion

Apoptosis and necrosis, two distinct types of
cell death, play a vital role in the development
and tissue homeostasis. Compared to necro-
sis, apoptosis is an active and programmed cell
death that is controlled by multiple gene prod-
ucts. Apoptosis is involved in numerous human
diseases including AA. Scopes et al. have
observed that hematopoietic stem/progenitor
cells of CD34+ positive in the bone marrow of
AA patients were significantly less than that in
healthy individuals based on immunofluores-
cence using CD34 monoclonal antibody [14].
The results of Philpott and colleagues have
suggested that the apoptosis of CD34+ hema-
topoietic stem/progenitor cells in the bone
marrow of AA patients contributed to their
reduction and the pathogenesis of AA [15].
Necrosis is caused by physical, chemical, or
biological factors and morphologically is char-
acterized by disruption of the cell membrane
and a swelling of the cytoplasm and mitochon-

Int J Clin Exp Pathol 2014;7(12):8411-8420
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dria. Recent study has found a novel type of
necrosis namely necroptosis that is regulated
by the immune system, similarly as apoptosis
[16]. Both necroptosis and apoptosis are bio-
logical processes that need energy and synthe-
sis of new proteins. In addition, necroptosis
and apoptosis are active process of self-regula-
tion, which are triggered by the binding and
activation of receptors and ligands and the
involvement of RIP1 and RIP3. However, unlike
necrosis, necroptosis is followed by the lysis of
its mitochondria, lysosomes and cell mem-
brane, therefore, causing significant inflamma-
tion and infiltration of inflammatory cells.
Interestingly, necroptosis is different from com-
mon necrosis because no changes of the
nuclear chromatin were observed in necropto-
sis and necroptosis can be reversed by apopto-
sis inhibitors including Nec-1.

In the present study, based on the mouse AA
model induced by cyclophosphamide and
busulphan, we investigated the role of RIP1/
RIP3-mediaed necroptosis in the pathogenesis
of AA using the apoptosis-specific inhibitor Nec-
1. After the administration of cyclophospha-
mide and busulphan, the peripheral blood cells,
hemoglobin, and bone marrow nucleated cells
decreased significantly. In addition, histopatho-
logical examination demonstrated that the pro-
liferation of bone marrow hematopoietic tis-
sues and cells was inhibited, and non-hemato-
poietic cells (fat cells) were significantly
increased. These observations suggest the
success of mouse model of AA. In addition, our
Pland hoechst staining and SEM results detect-
ed both apoptosis and necrosis in the bone
marrow tissues of AA mice.

In this study, we examined the expression of
RIP1 and RIP3 in the mouse bone marrow cells
using Western blotting. Our results showed that
the expression of both RIP1 and RIP3, espe-
cially the expression of RIP3, were significantly
increased in the bone marrow tissues of AA
mice compared to the control animals. RIP1
and RIP3 are members of the receptor-interact-
ing protein (RIP) kinase family. Both RIP1 and
RIP3 have RIP homotypic interaction motif
(RHIM) at the N- and C-terminals, which enable
them to interact with each other [19]. It has
been reported that under the stimulation of
necroptosis signal, RIP1 binds with RIP3 via the
RHIM, which leads to RIP1 phosphorylation.
RIP3 can also present self-phosphorylation
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under the stimulation of apoptosis signal.
Phosphorylated RIP1 and RIP3 form pro-necrot-
ic RIP1-RIP3 complex that promotes the necrop-
tosis of cells [20]. It has been confirmed that
the RIP1-RIP3 complex is necessary and spe-
cific in the development of necroptosis and has
not been observed in other cell death events
other than necroptosis [21]. Therefore, identifi-
cation of the RIP1-RIP3 complex can be used
as a specific index of necroptosis. In the pres-
ent study, we detected the formation of pro-
necrotic RIP1-RIP3 complex in bone marrow
cells of AA mice, which were not observed in
the normal control animals, suggesting that
RIP1 and RIP3 are involved in the development
of AA induced by cyclophosphamide and busul-
phan by promoting the necroptosis of bone
marrow cells.

Nec-1 specifically inhibits necroptosis by pre-
venting RIP1 and RIP3 from phosphorylation
[16, 22]. Previous studies have shown that
Nec-1 prevented hypoxic-ischemic/reperfusion
injury [23], prevented retinal detachment
resulted from retinal photoreceptor cells apop-
tosis and ischemia/reperfusion injury of retina
[24, 25], reduced acute myocardial ischemia-
reperfusion-induced myocardial injury [26],
reduced peroxide-induced cell death and myo-
cardial infarction area [27]. In the present
study, we investigated the role of Nec-1 in
mouse AA induced by cyclophosphamide and
busulphan. By intraperitoneal injection of Nec-
1, we found that Nec-1 significantly increased
peripheral blood cells and bone marrow nucle-
ated cells by inhibit bone marrow cell necropto-
sis to reduce the severity of bone marrow tis-
sue damage of AA mouse.

In addition, we also measured the levels of IL-6,
TNF-a, and FLT-3L level in bone marrow tissue
supernatant. TNF-a, one of the major inflamma-
tory cytokines secreted primarily by T cell, can
arrest cell cycle and promote apoptosis of bone
marrow cells [28]. IL-6 is among a variety of
cytokines secreted by bone marrow stromal
cells, which interact with each other to activate
immune effector cells to damage hematopoiet-
ic stem/progenitor cell [29]. FLT-3L is a hemato-
poietic growth factor that is involved in the early
stage of hematopoietic regulation. Specific
binding of FLT-3L with its receptor FIt3 activat-
ed intracellular signal transduction to regulate
hematopoiesis. The previous study provided
evidence that the FLT-3L level can be used as

Int J Clin Exp Pathol 2014;7(12):8411-8420
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an indicator to evaluate the biological status of
bone marrow tissue damage [30]. Our results
demonstrated that the levels of IL-6, TNF-q,
and FLT-3L, especially the level of FLT-3L in the
supernatant of bone marrow of cyclophospha-
mide and busulphan induced AA mice was sig-
nificantly increased compared to the control
mice. However, the levels of IL-6, TNF-«, and
FLT-3L were significantly reduced by the necrop-
tosis inhibitor Nec-1. Necrosis is an important
source of inflammation, and production and
release of inflammatory cytokines can further
promote necrosis. Therefore, we hypothesized
that Nec-1 downregulated inflammation and
necroptosis to protection of bone marrow tis-
sues by inhibiting the production of inflamma-
tory mediators.

In conclusion, our results demonstrated that
RIP1 and RIP3 mediated necroptosis was
involved in the development of AA in mice
induced by busulphan and cyclophosphamide.
Therefore, RIP1 and RIP3 may be novel targets
for the treatment of AA. However, the detailed
mechanism and other molecules involved need
to be further investigated.
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