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Immunodeficient mice are important tools in advancing basic research 
and drug discovery and development activities. They are being used in an 
increasing number of research fields, including oncology, immunology, 

immuno-oncology, precision medicine, and stem cell biology.

The B-NDG (NOD.CB17-Prkdcscid IL2rgtm1/BcgenHsd) knockout mouse is a highly immunodeficient model that is a new alternative 
option among this category of models. This mouse was developed by Biocytogen and is now commercially available from Inotiv. 
Envigo licensed the model from Biocytogen in 2019, then Envigo was acquired by Inotiv in 2021. B-NDG is an albino single-gene 
knockout mouse that was generated by deleting the common gamma chain (IL2rg) gene in NOD-scid mice using CRISPR-Cas9 
technology (Figure 1).

Figure 1: CRISPR-Cas9 technology was used to delete the IL2rg gene in NOD-scid mice.
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The B-NDG mouse builds upon the well-known 
immunodeficiencies associated with NOD-scid mice,  
including significant deficiencies in functional T and B cells,  
due to the spontaneous loss-of-function mutation in the  
Prkdc (protein kinase, DNA-activated, catalytic subunit) gene. 

IN COMPARISON, THE B-NDG MOUSE:

•	 lacks mature T and B cells,

•	 lacks functional natural killer (NK) cells, and

•	 displays a deficiency in cytokine signaling.

These features make the B-NDG mouse one of the most highly 
immunodeficient models available on the market. It is suitable 
for engraftment with human cancer cells or tissue, including 
for developing patient-derived xenograft (PDX) tumor models 
and humanized models with CD34+ human hematopoietic 
stem cells (HSCs) or peripheral blood mononuclear cells 
(PBMCs). The B-NDG mouse has served successfully in dozens 
of peer-reviewed publications for a variety of applications (see 
references). More than 300 PDX models have been successfully 
established across many tumor types, including breast, colon, 
gastric, lung, pancreatic, and several blood tumors (AML and ALL) 
(Table 1; Lin 2019).

Successful rate = Successful / (Successful + Failed); excludes the samples still under observation

Table 1: PDX models established using the B-NDG mouse and their respective success rates for 
establishing the models.

The remainder of this white paper provides a characterization of the B-NDG 
mouse, including its growth curve and immune cell phenotyping, and 

examples of various models that have been developed using it, including 
a cell line-derived xenograft (CDX), PDX, and humanized models. 

TUMOR TOTAL SAMPLES FAILED UNDER OBSERVATION SUCCESSFUL SUCCESS RATE

Blood 111 52 25 34 40%

Breast 255 204 35 16 7%

Gastric 546 305 50 191 39%

Lung 193 143 1 48 25%

Colorectal 63 15 33 15 50%

Esophagus 39 18 0 21 26%

Pancreatic 89 60 8 21 26%

TOTAL 1,296 797 152 346 35%
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Characteristics of 
the B-NDG mouse

GROWTH CHART

A cohort of B-NDG mice (N = 50 males and 50 females)  
were weighed the same day each week from 3 to 9 weeks  
of age. The average body weight (in grams) of the male  
(Orange) and female (Grey) mice was plotted over the course  
of the study, and the results are shown in Figure 2. Beginning  
at approximately week 4, the males begin to have a higher  
average weight.

Figure 2: Growth curve for male and female B-NDG mice from 3 to 9 weeks of age.
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COMPLETE BLOOD COUNT

The following plots show the complete blood count results  
for B-NDG mice (dark grey bars) compared to control C57BL/6 
mice (green bars) (Figure 3A and 3B). B-NDG animals show 
greatly reduced white blood cell (WBC) and lymphocyte (LY#) 
counts (Figure 3A) and an increase in platelets (Figure 3B).  
No other significant changes were detected in the blood  
count parameters that were evaluated.

Figure 3: Complete blood count for B-NDG and control C57BL/6 mice.

*Abbreviations: WBC = white blood cell; NE# = neutrophil count; LY# = lymphocyte count; MO# = monocyte count; EO# = 
eosinophil count; BA# = basophil count; RBC = red blood cell; HB = hemoglobin; HCT = hematocrit; MCV = mean corpuscle 
(cell) volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; RDW = red cell 
distribution width; PLT = platelet count; MPV = mean platelet volume.

WBC

Ce
ll c

ou
nt

 (x
1E

9 )

A)

B)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

NE# LY#

C57BL/6

B-NDG

MO# EO# BA#

RBC
(x1E12/L)

PLT
(x1E9/L)

HB
(g/L)

HCT
(%)

MCV
(fl)

MPV
(fl)

MCH
(pg)

MCHC
(g/L)

RDW
(%)

Ce
ll c

ou
nt

 (x
1E

9 )

0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0 C57BL/6

B-NDG



6 inotivco.com

Characterization, Development, and Applications of the Novel Ultra-Immunodeficient B-NDG Mouse

FLOW CYTOMETRY IMMUNOPHENOTYPING

Splenocytes of control C57BL/6, NOD-scid, and B-NDG mice were isolated and examined via flow 
cytometry for total B cells (CD19+/TCRβ+), NK cells (NKp46+), CD4+ T cells (CD4+), CD8+ T cells 
(CD8+/CD4+), and regulatory T cells (Foxp3+/CD4+) (Figure 4A). IL2rg gene deletion results in a 
lack of functional receptors for IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21, which leads to cytokine signaling 
deficiencies and the lack of functional NK cells. Figure 4B shows that NKp46 expression was 
detected in splenocytes and blood cells of C57BL/6 but not B-NDG mice, indicating the  
absence of NK cells.

Figure 4: (A) Flow cytometry data of splenocytes from C57BL6, NOD-scid and 
B-NDG mice. Data shows a complete lack of T, B, and NK cells in the B-NDG 
model. (B) NKp46 expression in splenocytes and blood cells.
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Disease models using 
the B-NDG Mouse
Development of a Humanized  
Immune System Model

FIRST METHOD: HUMANIZED MODEL USING hPBMCs 

Figure 5: Humanization of B-NDG mice with hPBMCs at 24 days post injection. 

This section describes two methods for humanizing B-NDG 
mice: (1) human PBMCs (hPBMCs), and (2) HSCs.

B-NDG mice (n = 3) were injected with 5x106 hPBMCs into  
their caudal veins. The percentage and type of mouse and 
human CD45+ (mCD45+ and hCD45+, respectively) cells  
were determined via flow cytometry 24 days post injection.  

As shown in Figure 5 (top panel), the three mice had between 
36–73% hCD45+ cells, of which over 99% were identified as T 
cells (CD19+/CD3+) in all three animals (Figure 5, bottom panel). 
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SECOND METHOD: HUMANIZED MODEL USING HSCs

Figure 6: Humanization of B-NDG mice with CD34+ HSCs (A) Percentage of 
human CD45+ cells in the peripheral blood over eight weeks. (B) Percentages of 
total human lymphocytes (T, B, and NK cells) at 16 weeks post injection. 

B-NDG mice were injected intravenously with human CD34+ 
HSCs (after irradiation) using either 1x105 or 2x105 cells. After 
injection with 1x105 human CD34+ HSCs, the percentage of 
human CD45+ cells in the peripheral blood was determined 
using flow cytometry. As shown in Figure 6A, over 70% of 
engrafted animals had more than 80% of these cells by eight 
weeks post injection. 

After injection of B-NDG mice with 2x105 CD34+ cells, flow cytometric analysis of peripheral blood was conducted at 10 weeks post 
engraftment (Figure 7). As compared to the control animals (BALB/c and B-NDG mice without injection of CD34+ cells) that showed  
a lack of human cells, the humanized B-NDG mice had high percentages of human CD45+ cells (Figure 7, first column of panels)  
and multilineage cells, including CD3+ T cells (Figure 7, bottom row of panels). 

At 16 weeks post injection, the percentages of the total number 
of human lymphocytes in the humanized mice were 49% 
for T cells, 25.2% for B cells, and 2.2% for NK cells (Figure 6B), 
suggesting that human T, B, and NK cells in reconstituted B-NDG 
mice were successfully propagated. There were no human cells 
present in the control group (no injection of CD34+ cells; data 
not shown). Notably, the percentage of human T cells increased 
steadily over the extended observation window.

Figure 6A: Figure 6B:

Pe
rce

nt
ag

e 
of

 h
CD

45
+

0
0

20

40

60

80

100

2W 4W 6W 8W

T C
ell

s
B Cells

NK C
ell

s

Pe
rc

en
ta

ge
 o

f h
CD

45
+ 

ce
lls

0.01

0.1

1

10

100 49.00 25.20

2.200



9inotivco.com

Characterization, Development, and Applications of the Novel Ultra-Immunodeficient B-NDG Mouse

Figure 7: Humanization of B-NDG mice with CD34+ HSCs. 

The survival of humanized B-NDG mice (using CD34+ HSCs) was also evaluated. After irradiation and cell engraftment (n = 5),  
the survival rate was significantly higher via reconstitution with human CD34+ cells when compared to control animals that  
were irradiated but not engrafted with CD34+ cells (Figure 8). 

Figure 8: Survival of B-NDG mice after irradiation and injection of human CD34+ cells.
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Development of a Gastric 
Cancer PDX Model

A gastric cancer PDX model was developed in B-NDG and C.B17 scid mice (n = 6), and tumor size was measured using calipers 
through day 60 post implantation. In contrast to C.B17 scid mice, which had a tumor take rate of 0% (Figure 9A), the rate in B-NDG was 
66.7% (4/6) (Figure 9A). Figure 9A also shows the time for tumors to reach 250 mm3 in size for the four PDXs that were successfully 
established. The average tumor growth rate to 2000 mm3 over the 60 days is shown in Figure 9B for B-NDG mice,  
with an average tumor doubling time of 6.75 days. 

Figure 9: Gastric cancer PDX growth in C.B17 scid and B-NDG mice. (A) Take rate in B-NDG mice  
and C.B17 scid mice, the doubling time for each mouse, and the time to grow to 250 mm3. (B)  
Average tumor growth in B-NDG mice by day 60 post implantation.
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Development 
of a CDX Model

A CDX model was established by intravenously injecting B-NDG 
mice with 5x106 Raji leukemia cells. BALB/c nude and NOD-scid 
mice were also injected with the same number of Raji cells for 
comparison. For all three models, body weight change (relative 
to the weight at inoculation) was measured weekly for 30 days 
post injection, and the percentage change of human cells in 
mouse peripheral blood was assessed using qPCR. As shown in 
Figure 10A, the B-NDG mice lost approximately 20% of their body 
weight between Days 12 and 18, while the BALB/c nude animals 
maintained a relatively stable weight and the NOD-scid animals 
initially gained weight, followed by a drop of approximately 30% 
between days 18 and 25. 

Figure 10B shows the percent of human cells in mouse whole 
blood over time. While the BALB/c nude and NOD-scid models 
reached a maximum of approximately 10% and 30% human cells, 
respectively, the B-NDG model showed a maximum of between 
60 and 70% human cells. Immunohistochemical staining also 
showed higher levels of human cells in the liver and spleen of 
B-NDG mice versus NOD-scid mice using a human specific 
antibody (Figure 10C).

Figure 10: Raji leukemia cell growth in B-NDG mice. (A) Body weight. (B) Percentage of human cells in 
mouse peripheral blood. (C) Immunohistochemical staining of liver and spleen of NOD-scid and B-NDG 
animals after Raji cell inoculation. Tissues were harvested after the weight of the mice was reduced by 
more than 20% after inoculation. Antibody used was an anti-human mitochondrial membrane protein 
antibody (Millipore, MAB1273).
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Applications of the 
B-NDG model

Over the past few years, the B-NDG model has been used  
in an increasing number of peer-reviewed publications for 
a variety of applications; the reference section of this paper 
provides a bibliography of these studies. 

Below, we highlight the results from two of these publications. 
Chen et al. (2019a) established a colorectal cancer (CRC) PDX 
model with the B-NDG mouse that was successfully used for 
drug-sensitivity testing, and Chen et al. (2020a) devised a novel 
CAR-T-based treatment strategy. 

PDX COLORECTAL MODEL 
FOR DRUG-SENSITIVITY TESTING

Chen et al. (2019a) sought to better understand the role of the 
eukaryotic initiation factor 4A2 (EIF4A2) in CRC and evaluate 
the in vivo efficacy of silvestrol and oxaliplatin (singly or in 
combination) against colorectal tumors. The investigators 
developed CRC PDX models by xenografting patient tumor 
samples into the flanks of B-NDG mice. Successfully established 
PDXs were then passaged into a second generation of B-NDG 
mice, which were used for the in vivo drug efficacy testing once 
the tumors had reached ~600 mm3. The animals were injected 
with the respective drugs every three days for four weeks. Overall, 
from a mechanistic perspective, it was determined that EIF4A2 
promotes experimental metastasis and oxaliplatin resistance in 
CRC, and silvestrol inhibited tumor growth and had a synergistic 
effect with oxaliplatin to induce apoptosis in PDXs (Figure 11).

Figure 11: Silvestrol (SIL) inhibits tumor growth  
and has synergistic effects with oxaliplatin (OXA)  
in PDXs. Control vehicle is phosphate buffered 
saline (PBS). From Chen ZH, et al. (2019a). 
Eukaryotic initiation factor 4A2 promotes 
experimental metastasis and oxaliplatin  
resistance in colorectal cancer. 

J Exp Clin Cancer Res. 2019 May 14;38(1):196. Used under 
Creative Commons Attribution—Non-Commercial 4.0 license: 
https://creativecommons.org/licenses/by/4.0/.
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Novel Strategy for Developing 
Memory CAR-T Cells

Treatment with CAR-modified T cells targeting CD19 has 
shown amazing clinical success in patients with relapsed/
refractory B cell malignancies; however, remission is not 
sustained in a substantial number of patients. Thus, Chen 
et al. (2020a) sought to emulate the concept of a vaccine 
immunization protocol to optimize CAR-T-19 therapy by  
using cells expressing tumor antigens to evaluate whether  
the activity of CAR-T cells could be maintained.

To establish the model, B-NDG mice received 5×105 Raji-Fluc 
cells via tail vein injection on day 0, followed by an injection of 
2×107 CAR-T-19 cells between days 5 and 7 and an injection of 
different doses of antigen-positive Raji-Fluc, irradiated Raji-Fluc, 
or autologous CD19-modified T cells (expressing human CD19) 
between days 10 and 12. 

As expected, the authors found that the CAR-T cells proliferated 
rapidly and killed the Raji tumor cells up until day 9, after which 
very few circulating tumor cells were detected and the number of 
CAR-T cells declined over time. Notably, the injection of a second 
antigen (autologous CD19-modified T cells or live Raji cells) after 
the elimination of Raji cancer cells resulted in the re-stimulation 
of CAR-T cells and maintenance of their proliferative ability,  
in addition to improving survival and delaying tumor occurrence. 
Further, the autologous CD19-modified T cells facilitated 
the generation of memory CAR-T cells. Overall, the survival 
of the animals given the sequential treatments was superior 
as compared to that of the animals that received the single 
treatment of CAR-T cells. The authors concluded that these 
results provide a new strategy for generating memory CAR-T 
cells, which may increase clinical efficacy of CAR-T therapy.
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Summary: The B-NDG ultra-immunodeficient mouse harbors several  
features that translate into many benefits as compared to other  

immunodeficient models. This model has successfully been used in  
peer-reviewed publications to establish PDX and CDX models and is well 
suited for studies that require humanization, using either PBMCs or HSCs. 
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