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In the current issue of EBioMedicine, Jin et al. demonstrated a human- make it possible to directly assess human immune responses to

ized mouse (hu-mouse) model in which a functional human immune
system was established and genetically-matched (autologous) to
primary acute B-lymphoblastic leukemia (B-ALL) in severe immunode-
ficient NSGmice [1]. Using this hu-mousemodel, the authors generated
CD19-targeted chimeric antigen receptor (CAR) T cells from human au-
tologous mature T cells and tested the efficacy of CAR-T therapy against
primary B-ALL.

Anti-CD19 CAR-T therapy has made a significant impact on the clin-
ical prognosis of patients with relapsed or refractory B-cell lymphoma
[2,3]. Based on results of the ZUMA-1 trial and subsequently the
JULIET trial [4,5], the US Food and Drug Administration and the
European Medicines Agency approved two anti-CD19 CAR-T products,
with a CD28 or 4-1BB co-stimulatory domain, to treat pediatric or
young adult B-cell precursor B-ALL in 2017, and then adults with
relapsed or refractory diffuse large B-cell lymphoma in early 2018.

Although these landmark clinical trials showed that anti-CD19 CAR-
T therapy induced a consistent and durable response against B-cell ma-
lignances, approximately half of the patients in these studies failed to
respond or acquired resistance [4,5]. Among the suspectedmechanisms
of resistance to therapy, two convincing models proposed involve loss
of CD19 and/or gain of expression of PD-L1. Furthermore, toxicities
and side effects are also associated with CAR-T therapy, including cyto-
kine release syndrome (CRS), neurologic toxicity and B-cell aplasia,
which also limit the therapeutic potential [6]. Therefore understanding
the mechanisms by which resistance occurs and toxicities/side effects
develop are highly warranted to further potentiate the success of anti-
CD19 CAR-T therapy for treatment of B-cell malignances.

Given that clinical trials have their own limitations to restrain in
depth mechanistic studies in patients, the antitumor activity of CAR-
engineered human T cells are primarily evaluated through in vitro as-
says or in immunodeficient mice engrafted with only human tumor
cell lines. Although other studies usingmousemodels can reveal mech-
anistic insight in depth, these studies test murine CAR-T constructs on
mouse T cells in response to mouse tumors. More recently, patient-
derived xenograft (PDX) models have been created by grafting
patient-derived cancer cells in immunodeficient mice. PDX models
DOI of original article: https://doi.org/10.1016/j.ebiom.2018.12.013.
⁎ Corresponding author at: Microbiology & Immunology, Medical University of South

Carolina, Charleston, SC 29425, USA.
E-mail address: yux@musc.edu (X.-Z. Yu).

https://doi.org/10.1016/j.ebiom.2019.01.029
2352-3964/© 2019 The Authors. Published by Elsevier B.V. This is an open access article under
human primary cancer cells, which recapitulate the clinical scenario
with human cancers and immunotherapy [7]. A PDX model was also
used in evaluating the therapeutic efficacy of CAR T cells in human B-
ALL. However, PDXmodels are typically established in immunodeficient
mice and most of them involve allogeneic and/or xenogeneic immune
responses that are obviously different from cancer patients.

A group of investigators led by Yang and Sykes have made substan-
tial effort to create humanized mouse models in which immunodefi-
cient mice are fully reconstituted with human hematopoietic and
immune systems [8]. Using these humanized mice, the Yang group
has established numerousmodels that simulate human diseases or con-
ditions, including a spontaneous human B-ALL model [9]. The current
work by the same group utilized this human B-ALL model to evaluate
the efficacy of anti-CD19 CAR-T therapy [1]. There are several unique
features in this model over previously published models: 1) the recipi-
ent hu-mice have a functional human hematopoietic and immune sys-
tem; 2) autologous primary B-ALL is driven by a patient-derived
fusion MLL-AF9 oncogene; 3) anti-CD19 CAR-expressing human T
cells are also derived bymature human T cells from the same individual;
4) the human mature T cells as a source of CAR T cells are developed in
the human thymus engrafted in murine host. These features offer many
advantages of this uniquemodel including permitting the evaluation of
antitumor responses in immunocompetent hosts, testing human CAR-T
constructs against human primary malignance, and avoiding allogeneic
responses and anti-mouse xeno-antigens. These advantages make this
model highly valuable for mechanistic and preclinical studies of anti-
CD19 CAR T-cell immunotherapy. In fact, the current study demon-
strates the efficacy of anti-CD19 CAR-T therapy, positive correlation of
CAR-T survival and expansionwith B-ALL regression, and causative rela-
tionship between proinflammatory cytokines and CRS. Given this proof-
of-principle study, such hu-mouse models can be established to evalu-
ate efficacy of various CAR-T cells in the treatment of relevant hemato-
logic malignances and to study underlying mechanisms of resistance
and toxicity.

While presenting many advantages, this hu-mouse model is not
identical to a human host. It is obvious that non-hematopoietic tissues
are mouse origin that may interfere anti-tumor responses, although
the concern is mitigated in the situation of hematologic malignances.
A specific limitation in evaluating CAR-T therapy using this hu-mouse
model may lay in toxicity studies, as IL-6 was below the detectable
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level in mouse sera [1] similar to another published study using non-
humanized NSG mice [10]. The results are in sharp contrast to those
from clinical trials where IL-6 has been shown to be a primary driving
force for CRS. As discussed by the authors, using human cytokine-
transgenic SGM3 mice that produce human SCF, GM-CSF and IL-3
might correct the defect, which remains to be investigated and con-
firmed. Technically, one should keep in mind that the procedure to es-
tablish such a hu-mouse model is rather convoluted. In conclusion, Jin
et al. provide a preclinical mouse model that represents a close recapit-
ulation of the human host in evaluating CAR-T therapy against hemato-
logic malignancies to compensate the limitation of clinical trials.
However, such a hu-mouse model is not identical to the human host
and thus certain limitations remain.
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