
Summary. A model construction of systemic acute 
leukemia is challenging. Herein, we established a 
systemic leukemia mouse model using highly 
immunodeficient NPG mice without any immuno-
suppressive treatments. NPG mice received tail 
intravenous injection of SHI-1 cells at the concentration 
of 1×107 cells (group A) or 5×107 cells (group B) and 
randomly sacrificed each seven days post-inoculation. 
Tumor development was monitored using nested-PCR, 
peripheral blood-smear analysis, flow cytometry, 
pathological examinations, and immunohistochemistry. 
The median survival of mice in groups A and B were 
33.0 and 30.0 days, respectively. Blast cells in peripheral 
blood appeared on day 14 in group B, and on day 21 in 
group A. In addition, SHI-1 cell specific MLL-AF6 
mRNA was detected in both spleen and bone marrow on 
day 14 post-inoculation. 21 days after inoculation, we 
observed human CD45+CD33+ cells with an SH-1-
immunophenotype in the peripheral blood, spleen, and 
bone marrow, as well as solid neoplasms in multiple 
organs. Moreover, the histologically infiltrated leukemic 
cells expressed CD45. In conclusion, the current study 
demonstrated the normal growth of SHI-1 cells in the 
NPG mice without immunosuppression, which caused 
systemic leukemia similar to that observed in acute 
leukemia patients. We developed an efficient and 
reproducible model to study leukemia pathogenesis and 
progression. 
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Introduction 
 
      Leukemia cells originate from bone marrow and 
infiltrate into peripheral blood, spleen, liver, lymph 
nodes, gums, central nervous system (CNS), and other 
organs (Domingo-Domenech et al., 2000; Stefanidakis et 
al., 2009). Acute myeloid leukemia (AML) is a 
malignant disease of myeloid cells in the bone marrow 
characterized by the increase and mature arrest of 
myeloid cells, leading to hematopoietic insufficiency. 
Immunodeficient mice, such as nude mice and NOD-
SCID mice, have low counts of functional T and B cells, 
thereby enabling the fast growth of transplanted cancer 
cells into solid tumors, thus providing excellent models 
for various cancers (Flatmark et al., 2004; Chai et al., 
2018; Pillai et al., 2018). However, the nude and NOD-
SCID mice have residual immune activity cells that pose 
a challenge for transplanted leukemic cells to grow, 
unless they are eradicated by irradiation or 
chemotherapy (Bosma et al., 1983; Marques da Costa et 
al., 2018). Although mice were pretreated by 
splenectomy, immunosuppressant or whole-body 
irradiation, the rate of leukemic cells infiltrated into 
bone marrow is low (Li et al., 2006). Therefore, it is of 
great important to establish an appropriate animal model 
to study human AML.  
      NOD-SCID gamma (NSG) mouse (NOD.Cg-
Prkdcscid II/L2rgtm1vst/vst) is a type of severely 
immunodeficient mouse that do not express interleukin-2 
receptor (IL-2R) gamma chain (IL-2R γc or CD132) 
(Ishikawa et al., 2005). The gamma chain of IL-2R is a 
cytokine receptor subunit common to six different IL 
receptors: IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21. The 
absence of the IL-2R γc severely compromises the 
immune functions of the affected mice, and the activity 
of NK cells is almost completely lost (Shultz et al., 
2005). Therefore, NSG mice are suitable for the 
development of a leukemia model with systemic 
infiltration, and may be useful to study the disease 
pathogenesis, and screen therapeutic agents. The NSG 
mice developed by Vitalstar Biotechnology (Beijing, 
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China) are named as NPG mice, which have an identical 
genetic background as that of NSG mice (Xu et al., 
2015). Here, we hypothesized that a model of human 
leukemia with systemic infiltration in NPG mice can be 
constructed by tail intravenous injection of SHI-1 cells. 
NPG mice received tail intravenous injection of SHI-1 
cells at the concentration of 1×107 cells or 5×107 cells, 
and the results confirmed our hypothesis, which provides 
a simple, rapid, and reproducible method for the 
investigation of leukemia. 
  
Materials and methods 
 
Acute monocytic leukemia cells  
 
      The SHI-1 cell line, derived from a patient with 
refractory acute monocytic leukemia, was kindly 
provided by Prof. Suning Chen, Institute of Hematology, 
Jiangsu Province. The SHI-1 cell is a highly tumorigenic 
human monocytic leukemia cell line characterized with 
t(6; 11) (q27; q23), MLL-AF6 fusion gene, and p53 gene 
mutation, which are beneficial for later detection and 
verification (Chen et al., 2005). The cells were cultured 
in Iscove's Modified Dulbecco's Medium (Gibco, USA) 
supplemented with 10% fetal bovine serum (Wisent, 
AUS) and maintained at 37°C with 5% CO2 in a 
humidified atmosphere. Cells in the logarithmic growth 
phase were inoculated into the NPG mice. 
 
Animals and experiments  
 
      A total of 17 five-week-old male NPG mice were 
purchased from Vitalstar Biotechnology (Beijing, 
China), and maintained under specific pathogen-free 
conditions. After 4 days of adaptive feeding, the mice 
were randomly divided into two groups: mice in group A 
(n=7) received tail intravenous injection of SHI-1 cells at 
the concentration of 1×107 cells and mice in group B 
(n=10) were inoculated with 5×107 SHI-1 cells. The 
concentration of 1×107 cells was selected as our 
previous study (Li et al., 2006). To ensure the success of 
model construction, we selected a higher number of cells 
(5×107) for the second group to compare the homing 
sequence of leukemia cells and the effects of different 
cell amounts. Thereafter, one mouse from each group 
was sacrificed and autopsied on day 14, 21, and 28, 
respectively. 0.5 ml of blood was drawn from each 
mouse at each time point. The animal health and 
behaviour were monitored every day and the remaining 
mice were dissected immediately after they were found 
to show food avoidance and lethargy. The mice were 
euthanized with CO2 inhalation using a gradual-fill 
method to relieve pain, and CO2 flow was maintained 
for at least 1 minute after respiratory arrest to ensure 
death. Death was identified as the absence of heartbeat 
and breathing. We confirmed the infiltrative growth of 
SHI-1 throughout NPG mice by flow cytometry, PCR, 
and pathological immunohistochemistry as described 

following, and the success rate was 100%. The animal 
study was approved by the Ethics Committee of 
Nanchang Royo Biotech Co,. Ltd (Approval number: 
RYE2018010401), and all methods were followed in 
accordance with the approved guidelines including the 
use of SHI-1 cells at the concentration of 1×107 cells and 
5×107 cells.  
 
Identification of immature monocytes 
 
      Peripheral blood was drawn from the tail-vein each 
seven days (day 14, 21, and 28) post-inoculation. The 
obtained blood was smeared on glass slides for Wright’s 
staining, and observed under a light microscope. 
 
Real time-PCR 
 
      The bone marrow, brain, heart, kidneys, liver, 
spleen, and stomach, were harvested from the dissected 
mice, and homogenized in TRIzol reagent (Invitrogen, 
USA) at 4°C. Total RNA was isolated according to the 
manufacturer’s instructions and reverse transcribed into 
cDNA using M-MLV reverse transcriptase (Takara, JP). 
The MLL-AF6 fusion gene was amplified by nested-
PCR using the primers listed in Table 1 on a GeneAmp 
PCR System 9600 (ABI, USA). The PCR steps were as 
follows: initial denaturation of 5 min at 95°C, 30 cycles 
of 95°C for 30 s, 60°C for 30 s and 72°C for 30 s, and a 
final elongation at 72°C. The amplified products 
(fragment length 280 bp) were analyzed by 1.5% 
agarose gel electrophoresis. 
 
Flow cytometry 
 
      The peripheral blood and the bone marrow were 
collected from the mandibular region and femur, 
respectively. The spleen was resected and ground to 
collect the single cells. All the samples were filtered 
through a 400 nm mesh and stained in the dark using 
CD45-percp and CD33-APC antibodies for 15 min at 
room temperature. In addition, the spleen cells were 
stained for 15 min with CD45-percp, CD33-APC, 
CD34-APC, CD117-PE, CD11b-APC, MPO-FITC, 
CD64-PE, CD15-FITC, CD14-FITC, and CD13-PE 
antibodies (BD Biosciences, MD, USA) in the dark at 
room temperature. After washing with cold PBS, the 
samples were analyzed using a FACScalibur (BD 
Biosciences, MD, USA). Data were analyzed using 

1518

A systemic leukemia model in NPG mice

Table 1. Primers used for the amplification of MLL-AF6 fusion gene. 
 
                        Primers        Sequence 
 
First round       Sense          5′-GAGGATCCTGCCCCAAAGAAAAG-3′ 
                        Anti-sense    5′-CTCCGCTGACATGCACTTCATAG-3′ 

Second round   Sense           5′-TGAGCCCAAGAAAA-AGCAGCCTCCA-3′ 
                        Anti-sense   5′-TACTTGGGAGAG-GACAGCATTCG-3′ 



CellQuest software (BD Biosciences, MD, USA). 
 
Histology 
 
      The mice were sacrificed on days 14, 21, and 28 
after SHI-1 cell inoculation. Autopsies were carefully 
carried out to identify neoplasms in various tissues. The 
femur, heart, kidneys, liver, lung, spleen, stomach, testes, 
head, and spine were collected and fixed in 4% buffered 
formalin. The femur, head and spine were decalcified in 
10% hydrochloric acid for 24h. The head and spine were 
sectioned as described before (Li et al., 2006). The 
tissues were then embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin (H&E). Human-
specific anti-CD45 (Servicebio, CHN) and anti-MPO 
(Servicebio, CHN) monoclonal antibodies were used for 
immunohistochemistry, and positive staining was 
detected using 3, 3′-diaminobenzidine - peroxidase 
(Servicebio, CHN). 
 
Statistical analysis 
 
      The data were analyzed using Student’s t-test and 
SPSS 20 software (IBM). Differences with the p-value 
<0.05 were considered as statistically significant. 
 
Results 
 
Clinical course 
 
      About 21 days after SHI-1 cell inoculation, the mice 
showed hunched posture and lethargy. The median 
survival time in group A was 33 days (range, 31-34), 
which was significantly longer than that in group B 
(median: 30 days, range 29-31, p<0.01). 
 
Blast cells in peripheral blood 
 
      After 14 days of inoculation, Wright’s staining 
showed a few blast cells (pointed by black arrow) in the 
blood-smear of mice in group B. However, more blast 
cells were observed in the peripheral blood obtained 
from the mice in both group A and B on 21 days after 
inoculation (Fig. 1A).  
 
Detection of MLL-AF6 fusion gene 
 
      The MLL-AF6 fusion gene is specifically expressed 
in the SHI-1 cells and can be used to identify SHI-1 cell 
infiltration. On day 14 after inoculation, the MLL-AF6 
fusion gene was detected in the spleen of mice in group 
A, but in the spleen and bone marrow of mice in group 
B. On day 21, the MLL-AF6 fusion gene could be 
amplified in the bone marrow, brain, heart, kidneys, 
liver, spleen, and stomach in both groups (Fig. 1B). 
 
Flow cytometry 
 
      Flow cytometry was performed to distinguish SHI-1 

cells and evaluate the immunophenotype of the blast 
cells in mice. CD45 is a surface marker of leukocytes 
(Wang et al., 2023), whereas CD33 is a surface marker 
of monocytes (Abuaf et al., 2008). CD45+CD33+ double 
positive can be used to identify AML cells (Yang et al., 
2022). Currently, Targeting CD33 or CD45 is exploited 
for immunotherapy of AML (Walter et al., 2008; Willier 
et al., 2021). Thus, CD45+CD33+ cells were considered 
as AML cells in mice. On day 21 after inoculation, the 
percentage of CD45+CD33+ cells in the peripheral blood 
of animals in group A and B was 5.16% and 0.82%, 
respectively. However, on day 28 after inoculation, the 
percentage of blast cells in peripheral blood, bone 
marrow, and spleen of the mice was 9.6%, 11.4% and 
23.2%, in group A, and 11%, 37.8%, and 60.5% in group 
B, respectively (Fig. 2A). The percentage of 
CD45+CD33+ cells were increased in peripheral blood, 
bone marrow, and spleen in both A and B groups in a 
time-dependent manner, which increased to 
39.85±4.17%, 42.88±3.31%, and 53.85±3.58% in group 
A, while it increased to 50.80±3.97%, 52.66±2.57%, and 
64.84±5.68% in group B, respectively, in the mice that 
died naturally (Figs. 2B, 3). The last mice in group A 
and group B died naturally on day 34 and 31 after 
inoculation, respectively. It was worth noting that the 
proportion of CD45+CD33+ cells in the peripheral blood, 
bone marrow, and spleen of animals in group B was 
significantly higher than that in group A (p<0.05).  
      Since that the SHI-1 cells cultured in vitro expressed 
CD11b, CD13, CD64, CD33 and CD15, and weakly 
express CD117 and MPO, we used them to identify SHI-
1 cells isolated from the spleen in NPG mice. Our results 
showed that the CD45+CD33+ cells showed the same 
immunophenotype as the SHI-1 cells cultured in vitro 
(Fig. 2C). 
 
Histologic examination 
 
      On day 14 after inoculation, neoplasms were 
observed on the surface of kidney in the group B mice 
but not in the group A mice, and the weight of spleen in 
mice of group B (188.8 mg) was significantly higher 
than that in group A (47.5 mg) (Fig. 4A). On day 28 post 
inoculation, neoplasms were observed on the kidneys, 
spine, spleen, stomach, and the thoracic vertebrae in the 
animal of group B (Fig. 4B); However, in the animal of 
group A, neoplasms were only observed in the kidneys, 
spleen, and stomach. From day 28 after inoculation, 
mice in both groups began to die because of leukemia, 
and more neoplasms were found in group B animals. 
Mice that survived more than 30 days showed green 
tumors in the lymph nodes of the neck and armpits, 
heart, peritoneum, mesentery and bladder (Fig. 4C). 
When the mice were dead, the spleen weight of group A 
mice was also significantly lower than that of group B 
(p<0.05) (Fig. 4D). 
      H&E staining of pathological sections showed a few 
leukemia cells infiltrated in the spleen of mice in both 
groups on day 14 after inoculation. On day 21, leukemia 
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cells were observed in the heart, kidneys, liver, lung, 
spleen and stomach of animals in both groups, and the 
grade of infiltration in the group B animals was more 

severe than that in group A. 28 days after inoculation, 
the grade of infiltration was aggravated in both groups 
(Fig. 5A). For mice that died naturally, leukemia cell 
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Fig. 1. Wright’s staining and amplification of MLL-AF6 gene. A. 
The representative images of Wright’s staining on days 14 and 21. 
B. Amplification of MLL-AF6 gene. M: Marker; P: SHI-1 Cell; N: 
normal spleen. lane a1-6: liver, kidney, spleen, stomach, heart and 
bone marrow of group A mouse on day 14 post-inoculation, lane 
a7-12: spleen, liver, bone marrow, kidney, stomach and heart of 
group B mouse on day 14 post-inoculation. b. B1-7: liver, spleen, 
kidney, stomach, brain, heart, and bone marrow of group A mouse 
on day 21 post-inoculation, lane b8-14: liver, heart, kidney, 
stomach, brain, spleen, and bone marrow of group B mouse on 
day 21 post-inoculation.



infiltration was also found in the brain parenchyma, pia 
mater, skull, peritoneum, mesentery, and bladder (data 
not shown). The results of immunohistochemistry 
showed that the infiltrating cells were strongly positive 
for CD45+ (Fig. 5B). 
 

Discussion 
 
      Animal models are valuable tools for studying the 
pathophysiology and progression of human diseases. 
Immunodeficient mice, such as nude mice and NOD-
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Fig. 2. A. The proportion of CD45+CD33+ double positive cells in NPG mice on day 28 after inoculation. The CD45+CD33+ double positive cells in the 
peripheral blood, bone marrow and spleen of NPG mice in group A (first line) were less than that of mice in group B (second line) on day 28 post-
inoculation. B. The proportion of CD45+CD33+ double positive cells in the last dead NPG mice. The CD45+CD33+ double positive cells in the peripheral 
blood, bone marrow and spleen of last dead NPG mice in group A were less than that of mice in group B. *p<0.05. C. Immunophenotype of leukemic 
cells. The first line shows that SHI-1 cell cultured in vitro expressed CD11b, CD13, CD34, CD64, CD33, CD14, CD15, CD117 and MPO. The second 
line shows the immunophenotype of cells isolated from the spleen of NPG mouse, the CD45+ cells had the same immunophenotype as the human SHI-
1 cell cultured in vitro.



SCID mice, have a residual immune system, which 
poses a challenge for the development of reliable animal 
modes of AML. Despite the absence of T cell immune 
function, a few functional B cells and NK cells are 
retained in nude mice. NK cells exhibit potent 
cytotoxicity against leukemia cells, thus most leukemia 
cell lines can only form subcutaneous xenografts, but not 
systemic infiltration in nude mice. An in vivo infiltration 
model in nude mice by tail-vein inoculation requires 
pretreatment such as splenectomy, radiation, and 
chemotherapy (Cavallo et al., 1992; Li et al., 2008, 
2011). NOD-SCID mice show more severe immuno-
deficiency than nude mice as they lack almost all of the 
functional T and B cells, and have significantly reduced 
NK cell activity. However, the development of a 
systemic infiltration model using NOD-SCID mice still 
requires pretreatment with sublethal irradiation (Pearce 
et al., 2006). Additionally, the NOD-SCID mice have a 
relatively short lifespan and tend to develop thymoma 
spontaneously, which may interfere the progression of 
leukemia (Shultz et al., 1995; Zheng et al., 2015). 
Previous studies have successfully established a CNS 
infiltration model of AML by direct inoculation of SHI-1 
cells into the cerebral ventricle of NOD-SCID mice 
without any pretreatment. However, the infiltrated 
leukemic cells could only be found in the bone marrow 
and lymph nodes, which were unable to simulate the 
leukemia pathogenesis faithfully (Li et al., 2014).  
      NOD-SCID IL2rg (-/-) mice are considered as a 

suitable model for human cell transplantation due to 
their high level of immunodeficiency. Moreover, these 
mice are deficient in innate immunity and show a 
complete lack of NK cell activity (Puchalapalli et al., 
2016; Marques da Costa et al., 2018). Additionally, the 
NPG mice have a relatively long lifespan and rarely 
occur immune escape, making them ideal for the 
establishment of leukemia models (Zhou et al., 2014). 
Numerous studies have reported the better suitability of 
the NPG mice to recapitulate the human immune system 
than NOD/SCID and NOG mice (Shultz et al., 2005; 
McDermott et al., 2010). In fact, some human cells can 
only be successfully transplanted in the NPG mice 
(Agliano et al., 2008). Therefore, the NPG mice model is 
usually a priority selection for establishing a human 
leukemia model (Sanchez et al., 2009; Woiterski et al., 
2013; Her et al., 2017). However, to establish a patient-
derived xenograft model, NPG mice still require 
sublethal irradiation to deplete T-cells from the primary 
leukemia cells before inoculation. A previous study has 
reported that sublethal irradiation of the NSG mice 
before inoculation with the primary leukemia cells 
achieved moderate success in establishing the human 
leukemia model (Sanchez et al., 2009). Woiterski et al. 
has performed T-depletion on primary AML cells before 
inoculation, leading to 91% AML samples being 
successfully transplanted, and on average, 34.5% of 
CD45+ cells were detected in peripheral blood 
(Woiterski et al., 2013). Her et al. has performed 
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Fig. 3. The representative flow cytometry plots of Figure 2B.



sublethal irradiation on neonatal NPG mice, and 
inoculated 7 AML samples into their livers. After 3-4.5 
months, only 3 out of 7 AML samples (42.85%) 
successfully expanded (proportion of blasts cells in 
peripheral blood >10%) (Her et al., 2017). In these 
reports, the success rate of transplantation was 
approximately 43-90%, and the expansion degree of 
primary leukemia cells varied widely. Moreover, a lower 

proportion of AML cells in NSG mice may fail to 
replicate the clinical manifestations of AML patients. 
      Herein, we established a better systemic leukemia 
infiltration model using NPG mice and SHI-1 cell line. 
The concentration of 1×107 cells was selected as in our 
previous study (Li et al., 2006). To ensure the success of 
model construction, we selected a higher number of cells 
(5×107) for the second group to compare the homing 
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Fig. 4. A. The size and the weight of spleen of NPG mice in 
group A were significantly lower than that in group B. B. SHI-
1 cells could grow and form solid neoplasms in the kidneys, 
liver, spleen, stomach, heart, lymph node and the soft 
t issues in NPG mice (black arrows) on day 28 post 
inoculation. C. Mice that survived more than 30 days showed 
green tumors in the lymph nodes of the neck and armpits, 
heart, peritoneum, mesentery and bladder. D. Among the 
mice that died spontaneously, the weight of spleen in group 
A was significantly lower than that in group B (p<0.05).
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Fig. 5. A. The size and the weight of spleen in the NPG mice sacrificed on day 14, 21 and 28 post-inoculation increased gradually. Meanwhile, the 
degree of human CD45+ cell infiltration in the spleen was also aggravated in a time dependent manner (brown). B. H&E staining and 
immunohistochemistry showed that CD45+ leukemic cells infiltrated (black arrow) into the heart, liver, spleen, kidneys, lung, stomach, femur (40×) and 
spinal cord (10×) of NPG mice inoculated with SHI-1 cells.



sequence of leukemia cells and the effects of different 
cell amounts. To avoid the influence of hormones, we 
chose male mice as our study subjects. The results 
demonstrated the absence of blast cells in the peripheral 
blood of mice in group A 14 days after inoculation, and 
the expression of MLL-AF6 fusion gene was detected 
only in the spleen. However, a few blast cells were 
found in the peripheral blood and the MLL-AF6 fusion 
gene was observed in the bone marrow and spleen of 
mice in group B. This indicated that in the NPG model, 
SHI-1 cells first harbored to the spleen, then to the bone 
marrow. 21 days after inoculation, a small number of 
blast cells were observed in the peripheral blood in both 
group A and group B. Flow cytometry showed the 
presence of CD45+CD33+ cells in the peripheral blood 
of mice in both groups. In addition, the MLL-AF6 fusion 
gene was amplified in the heart, liver, spleen, stomach, 
and kidneys. The Results of histopathology and 
immunohistochemistry confirmed the infiltration of 
leukemia cells in multiple organs. On day 21 after 
inoculation, the mice began to deteriorate and died 
spontaneously from day 28. Autopsies revealed 
leukemia cell infiltration and tumor-like growth in 
multiple organs including the heart, kidneys, liver, 
lymph nodes, mesentery, spleen, and stomach. 
Moreover, the proportion of CD45+CD33+ cells in the 
peripheral blood, bone marrow, and spleen was 
significantly higher than that on day 21. Immuno-
phenotyping revealed that the CD45+ cells in the spleen 
showed the same phenotype as the SHI-1 cells cultured 
in vitro, indicating that the SHI-1 cells could maintain 
their primitive feature in the NPG mice. 
      Leukemia cell infiltration was observed in the 
meningeal and spinal cord lumen of mice that died 
spontaneously, suggesting that leukemia cells eventually 
invaded the CNS. However, we did not observe any 
partial hemiplegia or limb paralysis in mice, which 
might be associated either with the shorter survival time 
of mice, or with the insufficient degree of leukemia 
infiltration in the CNS that was not enough to cause 
neurological symptoms. Expectedly, the overall survival 
of mice in group B was significantly shorter than that in 
group A and the degree of leukemia infiltration was 
significantly higher in group B mice, indicating that the 
survival of the NPG mice is closely related to the 
number of inoculated AML cells, and the degree of 
leukemia cell infiltration. 
      In summary, our present study developed a reliable 
animal model to investigate the mechanism of AML 
progression, and to screen potential therapeutic drugs for 
human AML. However, the rapid evolution of the 
disease seriously limits the study of antitumor treatments 
or dissemination patterns. We will select a lower cellular 
concentration in subsequent anti-tumor treatment 
experiments to complement our current study. In 
addition, the follow up studies will be designed to 
investigate the conditions of other AML cells, such as 
Thp1 and HL60 to construct much more leukemia 
models in NPG mice. 
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