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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic progressive autoimmune dis-
ease1 that can affect many tissues and organs, such as the heart and 
kidneys. Its pathogenesis is not completely stated. Previous studies2,3 
have shown that it may be related to immune cells, autoantigens, 
and cytokines, and it is related to the intestinal flora. Some studies 
have reported that it may be related to genetic polymorphisms4,5. 
At present, the number of cases is increasing year by year, and the 
number of female patients is significantly higher than that of male 
patients6. If it is not treated or intervened in time, the disease has 
the risk of disability and teratogenesis, and in severe cases, it can 
endanger the life of the patient. To better understand the disease, 
it is particularly important to build good and easy-to-operate ani-
mal model for experimental. Pathology, immunology, and ethi-
cal regulations as well as technical limitations put forward higher 
requirements for animal models. Animals, such as mice, are good 
subjects for human disease models that summarize human symp-
toms and reactions. In addition, the genetic background of mice 
can be artificially altered to suit different situations7. Severe com-
bined immunodeficiency (SCID) mice can provide an organiza-
tional environment that removes the effects of the immune sys-
tem, and when incorporated into human RA synovial tissues, it 
is protected from the interference of the mouse immune system. 
Therefore, it is convenient for experimental research and quanti-
tative analysis of the results.

The process and methods for the 
preparation of HuRAg-SCID mouse models
The history of application in SCID mice dates back to the 1990s, 
when Geiler et al.8 implanted human RA synovial tissues and 

human normal cartilage into the kidney sacs of SCID mice for 
the first time. They also found that the transplanted synovial 
tissues survived well and was constantly growing. At the same 
time, they found that cartilage in contact with RA was signifi-
cantly damaged and that the synovial tissues at the erosion site 
were more active in fibroblast proliferation. They successfully 
demonstrated that RA, in an environment away from human 
tissue, can grow in SCID mice and produce a large quantity 
of tissue factors and matrix degradation enzymes that erode 
cartilage. Consequently, the environment in SCID mice sim-
ulated the proliferation of human RA membrane cells, car-
tilage erosion, and degradation process. It also established a 
new humanized RA animal model. It is true that this method 
is free from the effects of the human tissue environment on 
RA erosion of cartilage. However, due to the limitation of sci-
entific and technological research progress at that time, Geiler 
et al.8 did not transplant simple RA synovial tissue cells, but 
simply implanted a whole piece of synovial tissue. Although 
this method is simple to operate, it is inevitable that inflam-
matory factors and lymphocytes of local tissue in the human 
body will be transplanted into mice together. Therefore, the 
role of RASFs in cartilage erosion is not highlighted.

In response to the above problems, Lehmann et al.9 selec-
tively isolated and cultured RASFs in vitro, purified, then directly 
injected them into the knee cavity of SCID mice. Finally, they 
found knee swelling, erosion, and destruction of articular carti-
lage surface, as well as a large number of Aschoff bodies in the 
synovial cavity. This method directly proves that RASFs’ ero-
sion of cartilage can be affected by human tissue environment 
and tissue factors. It provides a new direction for the follow-up 
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experiment. Lehmann et al.9 in vitro separation culture RASFs, 
injected into sterile gelatin sponge, and then the two with nor-
mal cartilage implanted in the kidney sacs of mice, found that 
RASFs in mice can still maintain the transformation and secretion 
activity, express the vascular cell adhesion molecule 1 (VCAM-1), 
and secrete cathepsin B and L to erode cartilage. On the basis of 
Lehmann et al.9, Pap et al.10 constructed three-dimensional car-
tilage-like matrix in vitro. This method of operation is to send 
RASFs, sterile gelatin sponge, and the body’s normal synovial 
tissue in vitro suitable pH and ion concentration in suspension 
culture. Subsequently, Lefèvre et al.11 innovatively transplanted 
the RASFs-cartilage-sterile sponge gelatin complex into one side 
of the mouse subcutaneously, and the other side was simultane-
ously transplanted with normal human articular cartilage. RASFs 
were injected subcutaneously, intraperitoneally, and intravenously 
into human mice. RASFs were detected in the blood and spleen 
of mice, which confirmed that RASFs migrated through the 
blood circulation in the body and could erode the cartilage of 
the contralateral or distant knee joint.

In recent years, scholars have continuously enriched and 
expanded the application of SCID mouse models in the field 
of RA research. Serrati et al.12 found that in vitro and SCID 
mouse models, the decrease in urokinase plasminogen activator 
receptor (UPAR) expression in RASFs reduced the damage of 
RASFs to cartilage and bone. Frey et al.13 isolated fibroblast-like 
synoviocytes (FLSs), expanded them in vitro, and transferred 
them to the knee joint cavity of SCID mice. They found that 
FLSs from AIA mice were able to transfer arthritis to recipi-
ent SCID mice. FLSs metastasis induces chronic arthritis and 
can find inflammatory cell collection and significant cartilage 
damage. They also observed in a single joint arthritis model 
that FLSs isolated from the contralateral non-arthritis joint 
have the potential to cause arthritis. FLSs metastasis induces 
chronic arthritis and can observe inflammatory cell collection 
and significant cartilage damage. They also observed arthritis 
potential in FLSs, which is separated from the opposite side of 
the non-arthritis joint, in the monoarthritis model. The trans-
formation of these cells into arthritic cells occurs early in the 
development of arthritis. This challenges current assumptions 
about the role of FLSs in the pathogenesis of arthritis and opens 
the way for further mechanism research.

Application of SCID-HuRAg mouse model

Application of the SCID-HuRAg model in virology 
and oncology and RA disease progression studies
The pathogenesis of RA is extremely complex. As far as the 
current scientific research is concerned, its pathogenesis may 
be related to autoimmunity and digestive system. In recent 

years, there have been continuous reports in the scientific lit-
erature that the incidence of RA may also be related to viral 
infections and tumor attacks. Among them, the most extensive 
research is the relationship between Epstein-Barr virus (EBV) 
and RA and the functional changes or mutations of the tumor 
suppressor gene p53. 

Many human viruses, including EBV, do not infect mice, 
which is challenging for biomedical research. The research 
team of Nagasawa et al.14 found that human osteoclasts mainly 
induce erosive arthritis during EBV infection. They cultivated 
bone marrow cells from EBV-infected SCID-HuRAg mice and 
analyzed their characteristics. Multinucleated cells cultured 
from bone marrow cells stained positive for human cathepsin 
K and human MMP-9, indicating that bone marrow cells of 
SCID-HuRAg mice could differentiate from human osteo-
clast progenitors into human osteoclasts, the human immune 
response to EBV infection may induce the activation of human 
osteoclasts and cause erosive arthritis in this mouse model. 
This study is also the first to demonstrate human osteoclast 
genesis in humanized mice. This model can be used to study 
the relationship between EBV infection and RA and human 
bone metabolism.

Application of SCID-HuRAg model in 
pharmaceutical research and drug screening

The special immune environment provided by SCID-HuRAg 
can highlight the erosion and degradation of cartilage and bone 
by RASFs. RASFs can secrete more cytokines, such as IL-1, 
IL-6, IL-18, and TNF-α15,16. Through these tissue factors, it 
plays its role in erosion and diffusion. In recent years, the focus 
of RA treatment programs has shifted from simply controlling 
pain and other characteristics to more effective antirheumatic 
treatments that control synovial hyperplasia and cartilage ero-
sion and protect joint function. The SCID-HuRAg model has 
gradually begun to play an important role in pharmacological 
research and drug screening processes.

Therapies successfully tested in mice with a functional 
human immune system include the antiviral drug poly Pegylated 
Interferon Alpha-2a (Peg-IFNα2a), which shows signs of hepa-
titis C virus suppression, such as human interferon-γ production 
decrease, serum alanine aminotransferase level, hepatitis C virus 
ribonucleic acid copy number, and no leukocyte infiltration or 
fibrosis in the liver. Close to the clinical situation, humanized 
mice administered with ipilimumab developed autoimmune 
diseases, showing signs of weight loss, antinuclear antibodies, 
and increased adrenaline, which would aggravate the erosion 
and destruction effects of RASFs on cartilage and bone. In 
addition, theralizumab, a biological agent highly specific to 
human CD28, was tested in humanized mice implanted with 
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polybrominated diphenyl ethers. These mice showed severe 
reduction in CD45+ human cells, rapid decline in body tem-
perature, and elevated cytokine levels. They were given treatment 
6 h after antibody administration. The adverse effects in the 
clinic can be observed, which will also exacerbate the negative 
effect of RASFs on the body. Taking into account the advan-
tages, limitations, and potential development of humanized 
mice, the current data17 show that these models are useful tools 
for researchers to investigate short-term and long-term studies 
of therapeutic interactions and toxicity in vivo to reduce risks 
and ensure safety of healthy volunteers and patients exposed 
to drug candidates during clinical trials.

CONCLUSIONS
In recent years, SCID-HuRAg model mice have played an 
important role in the pathogenesis and pathological research 
of RA. At the same time, this model is also continuously 
applied to the research and development of new drugs, as 
well as pharmacodynamics and pharmacokinetics. Based on 
SCID-HuRAg model mice, human RA synovial cells or tis-
sues combined with normal cartilage tissue or cells of the 
human body are embedded in mice in different ways, and 
the embedding positions are also different, it can be selected 
at the joints of mice or subcutaneously in mice. In the case 
of complete lack of B cells and T cells, study the changes 
of RASFs and the different responses of surrounding tissue 

factors and cytokines, explore the pathological process of car-
tilage and bone tissue erosion and destruction, and explore 
the possible pathogenesis of RA. The SCID-HuRAg model 
mouse highlights the relationship between RASFs and carti-
lage. At present, research on RA has gradually adopted this 
model and has begun to develop transgene therapy, RA, and 
other diseases on this model platform. It has an irreplaceable 
role in the treatment of cartilage erosion and degradation, as 
well as various body manifestations caused by inflammation. 
The application of this model mouse is to further improve 
and explore the pathogenesis of RA. With the deepening of 
research on the mechanism of RA disease, the quality of life 
of RA patients is expected to gradually improve.
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