
Received: 20 April 2021 Revised: 27 June 2021 Accepted: 20 July 2021

DOI: 10.1002/cac2.12201

LETTER TO TH E EDITOR

CD70-targeting CAR-T cells have potential activity against
CD19-negative B-cell Lymphoma

To the Editor:
CD19-targeting chimeric antigen receptor T (CAR-T)

cell therapy is a revolutionary immunotherapy in treating
relapsed or refractory B lineage malignancies. However,
relapse with CD19-negative tumor after treatment with
anti-CD19 CAR-T cells has been reported in different
types of B-cell lymphoid malignancies, with a percentage
exceeding 10% in patients with acute lymphoblastic
leukemia [1] and up to 38% in patients with non-Hodgkin
lymphoma (NHL) [2]. Thus, antigen escape constitutes a
significant obstacle for anti-CD19 CAR-T therapy, under-
scoring the need to develop CAR-T cell therapies directed
to alternative antigens. CD70, the membrane-binding
ligand of the CD27 (a tumor necrosis factor receptor
superfamily), has been reported to be expressed on the
malignant cells of diffuse large B-cell lymphoma (DLBCL),
mantle cell lymphoma (MCL) and follicular lymphomas
(FL), as well as Hodgkin’s lymphoma, Waldenström
macroglobulinemia, and multiple myeloma, but rarely
on normal B cells or T cells [2–4]. In addition, CD70 is
also expressed in various solid tumor types, such as renal
cell carcinoma and mesothelioma [3]. Recently, targeting
CD70 has emerged as potential novel immunotherapeutic
strategy [4–6]. Here, we report on the development of
novel, second-generation CAR-T cells against CD70, a
target for CAR-T cell therapy of B-cell lymphoma that has
not been fully realized.
CAR-T cell-based cancer immunotherapy relies on not

only the specificity but also association constant of single-
chain variable fragment (scFv). The scFv used in the CAR
is synthesized from parent antibody by fusing their light-
(VL) and heavy (VH)-chain variable domains into a single
chain using a peptide flexible linker. A previous study
demonstrated that the CAR targeting CD79b, in which the
scFv was synthesized in a light-heavy (L/H) orientation
of variable domain, had superior antigen-specific effector
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functions than that of the CAR with heavy-light (H/L)
orientation of the variable domain [7]. Using this strategy,
we generated two second-generation anti-CD70 CAR
constructs, with either a L/H or a H/L scFv configuration
derived from a reported anti-CD70 monoclonal antibody,
denoted as anti-CD70 (L/H) or anti-CD70 (H/L), respec-
tively (Figure 1A). We also generated a CAR consisting
of truncated CD27 (without its intracellular signaling
domain) (Figure 1A) coupled with the co-stimulatory
domain of 4-1BB and then CD3ζ signaling domain
(denoted as trCD27), which had previously been shown to
have CD70-specific tumor recognition [8]. In contrast to
solid tumor cell lines, CD70 mRNA was highly expressed
in NHL cell lines such as 60 B-cell lymphoma cell lines
(Supplementary Figure S1A). Flow cytometry analysis
confirmed the high expression of CD70 protein in B-cell
lymphoma cell lines Raji, JeKo-1, Mino, and WSU-DLCL2
compared with K562 cells serving as a CD70-negative con-
trol (Supplementary Figure S1B). We next characterized
three types of anti-CD70 CAR-T cells lentivirally trans-
duced to express anti-CD70 (L/H), anti-CD70 (H/L) or
trCD27 CAR constructs, and assessed their effector func-
tions. The anti-CD19 CAR, as the control lentiviral vector,
was also generated. The representative transduction effi-
ciency of anti-CD70 (L/H), anti-CD70 (H/L), trCD27, and
anti-CD19 CAR was 55.1%, 44.5%, 74.5%, and 74.5%, respec-
tively (Supplementary Figure S2). Proliferation of CAR-T
cells following stimulation with anti-CD3/CD28 beads
was measured. The anti-CD70 (L/H) CAR-T cells showed
a lower rate of ex vivo expansion, while anti-CD70 (H/L),
trCD27, and anti-CD19 CAR-T cells showed significantly
greater proliferative capacity (Figure 1B). It has been
well known that some scFvs are associated with ligand-
independent tonic signaling, which could contribute to
the reduction of efficacy of CAR-T therapy by leading to
terminal effector T-cell differentiation and exhaustion
[1]. We therefore compared the subsets of anti-CD70
(L/H), anti-CD70 (H/L), trCD27, or anti-CD19 CAR-T
cells at 12 days after culture with anti-CD3/CD28 beads.
The similar subset distribution of T cells was observed in
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F IGURE 1 CD70-targeting chimeric antigen receptor-T (CAR-T) cells for lymphoma therapy. (A) Schematic representation of lentiviral
constructs in which the EF-1α promoter drives expression of different CARs bearing intracellular 4-1BB co-stimulatory and CD3ζ-activating
signaling domains. One anti-CD70 CAR was constructed with truncated CD27 including extracellular and transmembrane portions, shown as
trCD27. Another two anti-CD70 CARs were generated with different orientations of a CD70-binding antibody derived single-chain variable
fragment (scFv): the light-to-heavy orientation [anti-CD70 (L/H)] and the heavy-to-light orientation [anti-CD70 (H/L)]. A CD19-specific CAR
incorporating the FMC63 scFv was also generated, denoted as anti-CD19. Vectors contain a second transgene encoding for the fluorescent
reporter BFP via a P2A cleavage peptide to facilitate enumeration of transduction efficiency. VL: variable light chain, VH: variable heavy
chain, TM: transmembrane region, LTR: long terminal repeat. (B) CAR-T cell proliferation over 12 days in ex vivo CD3/CD28 bead-activated
condition. Means and error bars indicating ± 1 SD of 3 healthy donors are shown. **** P < 0.0001 for anti-CD70 (L/H) vs. anti-CD70 (H/L)
(two-way ANOVA with Tukey’s multiple comparison test). (C) Phenotype of CAR-T cells as measured by surface expression of CD4 (top) and
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anti-CD70 (L/H), anti-CD70 (H/L), and trCD27 CAR-T
cells. However, anti-CD70 CAR-T cells showed a higher
frequency of stem cell memory T cells when compared
to anti-CD19 CAR-T cells (Figure 1C and Supplementary
Figure S3). Inclusion of costimulatory 4-1BB in anti-CD19
CAR construct had been reported to cause tonic signal-
ing via continuous TRAF2-dependent activation of the
NF-κB pathway [9]. We verified significantly increased
NF-κB activation in anti-CD70 (L/H) CAR-T cells
(Figure 1D).
Due to the dysfunction of anti-CD70 (L/H) CAR-T cells

characterized by the aberrant proliferation and abnormal
NF-κB activation, we chose anti-CD70 (H/L) CAR-T cells
to define the antitumor activity of theCAR-T cells targeting
CD70 antigen. We performed cytotoxicity assays against
CD19- and CD70-positive Raji cells and JeKo-1 cells at an
effector-to-target ratio of 20:1 for 4 h, and CD107a degran-
ulation and cytokine expression by CAR-T cells were also
determined. The T cells transduced with anti-CD70 (H/L)
and anti-CD19 CAR constructs demonstrated comparable
cytolytic activity and CD107a degranulation against B lym-
phoma cell lines (Supplementary Figure S4A and S4B).
In consistent with these results, the pattern of cytokine
production in response to Raji and JeKo-1 cells, especially
with upregulation of Th1 cytokines IFN-γ and TNFα, was
similar in anti-CD70 (H/L) and anti-CD19 CAR-T cells
(Supplementary Figure S4C). We also detected that anti-
CD70 (H/L) CAR-T cells, but not BFP-transduced T cells,
effectively killed CD19-negative Raji cells (Supplementary
Figure S4D). Next, anti-CD70 (H/L) CAR-T cells showed
comparable killing efficacy when co-cultured with CD19-
positive andCD19-negative Raji cells, respectively (Supple-
mentary Figure S4E).
We finally used anti-CD70 (H/L) CAR-T cells to test

therapeutic efficacy against both CD19-positive and CD19-
knockout Raji xenografts in NSG mice because our in
vitro assays demonstrated superior ex vivo growth func-
tions of anti-CD70 (H/L) CAR-T cells compared to anti-
CD70 (L/H) CAR-T cells (Figure 1B). Anti-CD70 (H/L)

CAR-T cells and anti-CD19 CAR-T cells were injected into
NSG mice 3 days after intravenous injection of CD19-
positive Raji cells. Tumor burden was assessed by biolu-
minescence imaging, which showed complete elimination
of lymphoma by day 12 for anti-CD19 CAR-T cells and day
25 for anti-CD70 (H/L) CAR-T cells (Figure 1E). To eval-
uate the ability of anti-CD70 (H/L) CAR-T cells to pre-
vent antigen escape, NSGmice were engrafted with CD19-
knockout Raji cells. Tumor-bearing mice were adminis-
trated with one intravenous infusion of anti-CD19 or anti-
CD70 (H/L) CAR-T cells. The bioluminescence imaging
results revealed that tumors were significantly suppressed
inmice treatedwith anti-CD70 (H/L) CAR-T cells, yielding
near-complete tumor clearance (Figures 1F and 1G), which
highlights the potential effect of anti-CD70 (H/L) CAR-
T cells against CD19-negitive B-cell malignancies. Con-
versely, there was no significant difference of tumor bur-
den between mice treated with anti-CD19 CAR-T cells and
T cells without CAR transduction. Moreover, anti-CD70
(H/L) CAR-T cell-treated mice also demonstrated signif-
icantly prolonged survival compared with the other two
groups (Figure 1H).
Herein, we report on the development of a novel CAR

product targeting CD70 using an anti-CD70 scFv and
demonstrated potential antitumor effects of anti-CD70
CAR-T cells in CD19-positive and -negative B-cell lym-
phomamodels. However, CD70 expression levels in tumor
cells were different amongst the B-cell tumor types. For
example, CD70 positivity has been reported in 33% of FL
cases, 25% of MCL, and 71% of DLBCL [3, 4]. One poten-
tial way to combat the problem of antigen escape follow-
ing CAR-T cell therapy is to target alternative or more
than one antigen receptor, and CARs targeting both CD19
and CD20 in B-cell lymphoma are in clinical development
[10]. Together, our findings suggest that anti-CD70 CAR-
T cells represent a new therapeutic option for the treat-
ment of patients who have CD19-negative recurrence of
lymphoma. Future strategies combining dual targeting of
CD19 and CD70 are warranted.

CD8 (bottom) on CAR-positive cells via flow cytometry. The summary data for indicated CAR-T cell populations are shown. Tscm:
CD45RA+/CD62L+, Tcm: CD45RA−/CD62L+, Tem: CD45RA−/CD62L−, Teff: CD45RA+/CD62L−. The experiments were repeated 3 times
with T cells from 2 healthy donors. (D) Flow cytometry plots demonstrate antigen-independent (tonic) signaling of indicated CARs measured
in Jurkat NF-κB reporter (GFP) cells. Viable Jurkat cells were plated and monitored for GFP expression within BFP-positive
(CAR-transduced) population 3 days after lentiviral transduction in the absence of target antigen. Data are representative of two experiments.
(E) Tumor progression in NSGmice bearing Raji xenografts treated with anti-CD70 (H/L) or anti-CD19 CAR-T cells. Weekly bioluminescence
imaging was performed after tumor injection (CAR-T cells were injected on day 0). X indicates a mouse death. (F) NSG mice were injected
with CRISPR-mediated CD19-knockout (19Neg) Raji cells on day -3. Bioluminescent images of the tumor burden in mice treated with
anti-CD70 (H/L) or anti-CD19 CAR-T cells are shown. X indicates a mouse death. (G) Quantification of the total flux analyzed by in vivo
bioluminescence imaging of luciferase activity from (E). ** P < 0.01 for anti-CD70 (H/L) vs. anti-CD19 CAR-T cells. Data shown as bar graph
with mean ± SD (6 mice per group). (H) Kaplan-Meier survival analysis of tumor-bearing mice from (E). P values were determined with a
log-rank Mantel-Cox test. * P < 0.05 for anti-CD70 (H/L) vs. anti-CD19 CAR-T cells. EF-1α: elongation factor-1α; BFP: blue fluorescent
protein; SD: standard deviation; ANOVA: analysis of variance; NF-κB: nuclear factor kappa B; GFP: green fluorescent protein



928 LETTER TO THE EDITOR

DECLARATIONS
ETH ICS APPROVAL AND CONSENT TO
PART IC IPATE
The animal experiments were approved by the Institu-
tional Animal Care and Use Committee, Zhejiang Uni-
versity. The studies involving human participants were
reviewed and approved by an independent Ethics Commit-
tee of The Second Affiliated Hospital, College of Medicine,
Zhejiang University. The participants provided their writ-
ten informed consent to participate in this study.

CONSENT FOR PUBL ICAT ION
Not applicable.

DATA AVAILAB IL ITY STATEMENT
The raw data and analyses supporting the conclusions of
this article are openly provided upon request, to any qual-
ified researcher.

ACKNOWLEDGEMENT
This study was supported by funds from Translational
Research Grant of NCRCH(2020ZKZC01), and the
National Natural Science Foundation of China (No.
81830006, 81800315).

CONTRIBUTORS
Conception, design and manuscript writing: W. Qian, A.
Liang, J. J. Pu, and W. Deng.
Collection, analysis, and interpretation: W. Deng, P.

Chen, W. Lei, Y. Xu and N. Xu.
All authors were involved at each stage of manuscript

preparation and approved the final version.

CONFL ICT OF INTERESTS
All authors declare no competing interests.

Wenhai Deng1,†
Panpan Chen2,†

Wen Lei2
Yang Xu2

Nengwen Xu2
Jeffrey J. Pu3
Aibin Liang4

Wenbin Qian2,5,6

1 Key Laboratory of Laboratory Medicine, Ministry of
Education, School of Laboratory Medicine and Life
Sciences, Wenzhou Medical University, Wenzhou,

Zhejiang 325000, P. R. China
2 Department of Hematology, The Second Affiliated
Hospital, College of Medicine, Zhejiang University,

Hangzhou, Zhejiang 310009, P. R. China
3 University of Arizona NCI designated Comprehensive

Cancer Center, Tucson, Arizona 85719, USA

4 Department of Hematology, Tongji Hospital of Tongji
University, Shanghai 200065, P. R. China

5 Institute of Hematology, Zhejiang University, Hangzhou,
Zhejiang 310003, P. R. China

6 National Clinical Research Center for Hematologic
Diseases, the First Affiliated Hospital of Soochow
University, Suzhou, Jiangsu 215006, P. R. China

Correspondence
Jeffrey J. Pu, MD, PhD. Hematopoietic Stem Cell

Transplant and Cellular Therapy Program, University of
Arizona NCI designated Comprehensive Cancer Center,

Tucson, Arizona 85719, USA.
Email: jpu@email.arizona.edu; jeffreypu@gmail.com

Prof. Aibin Liang, MD, PhD. Department of Hematology,
Tongji Hospital of Tongji University, Shanghai 200065,

P. R. China.
Email: lab7182@tongji.edu.cn

Prof. Wenbin Qian, MD, Ph.D. Department of
Hematology, The Second Affiliated Hospital, College of

Medicine, Zhejiang University, Hangzhou, Zhejiang
310009, P. R. China.

Email: qianwb@zju.edu.cn

†Co-first authors

ORCID
WenhaiDeng https://orcid.org/0000-0003-3270-5980
WenbinQian https://orcid.org/0000-0002-9817-6674

REFERENCES
1. Rafiq S,Hackett CS, Brentjens RJ. Engineering strategies to over-

come the current roadblocks in CART cell therapy. Nat Rev Clin
Oncol. 2020;17(3):147–67.

2. Hirayama AV, Gauthier J, Hay KA, Voutsinas JM, Wu Q, Goo-
ley T, et al. The response to lymphodepletion impacts PFS in
patients with aggressive non-Hodgkin lymphoma treated with
CD19 CAR T cells. Blood. 2019;133(17):1876–87.

3. Flieswasser T, Camara-Clayette V, Danu A, Bosq J, Ribrag V,
Zabrocki P, et al. Screening a Broad Range of Solid and Haema-
tological Tumour Types for CD70 Expression Using a Uniform
IHC Methodology as Potential Patient Stratification Method.
Cancers (Basel). 2019;11(10):1611.

4. Yang M, Tang X, Zhang Z, Gu L, Wei H, Zhao S, et al. Tan-
dem CAR-T cells targeting CD70 and B7-H3 exhibit potent pre-
clinical activity against multiple solid tumors. Theranostics.
2020;10(17):7622–34.

5. Sauer T, Parikh K, Sharma S, Omer B, Sedloev DN, Chen Q,
et al. CD70-specific CAR T-cells have potent activity against
Acute Myeloid Leukemia (AML) without HSC toxicity. Blood
2021; blood.2020008221.

6. Phillips T, Barr PM, Park SI, Kolibaba K, Caimi PF, Chhabra
S, et al. A phase 1 trial of SGN-CD70A in patients with CD70-
positive diffuse large B cell lymphoma and mantle cell lym-
phoma. Invest New Drugs. 2019;37(2):297–306.

https://orcid.org/0000-0003-3270-5980
https://orcid.org/0000-0002-9817-6674
mailto:jpu@email.arizona.edu
mailto:jeffreypu@gmail.com
mailto:lab7182@tongji.edu.cn
mailto:qianwb@zju.edu.cn
https://orcid.org/0000-0003-3270-5980
https://orcid.org/0000-0003-3270-5980
https://orcid.org/0000-0002-9817-6674
https://orcid.org/0000-0002-9817-6674


LETTER TO THE EDITOR 929

7. Ormhøj M, Scarfò I, Cabral ML, Bailey SR, Lorrey SJ, Bouffard
AA, et al. Chimeric Antigen Receptor T Cells Targeting CD79b
Show Efficacy in Lymphomawith or without Cotargeting CD19.
Clin Cancer Res. 2019;25(23):7046–57.

8. Wang QJ, Yu Z, Hanada KI, Patel K, Kleiner D, Restifo NP, et al.
Preclinical Evaluation of Chimeric Antigen Receptors Targeting
CD70-Expressing Cancers. Clin Cancer Res. 2017;23(9):2267–76.

9. Gomes-Silva D, Mukherjee M, Srinivasan M, Krenciute G,
Dakhova O, Zheng Y, et al. Tonic 4-1BB Costimulation in
Chimeric Antigen Receptors Impedes T Cell Survival and Is
Vector-Dependent. Cell Rep. 2017;21(1):17–26.

10. Tong C, Zhang Y, Liu Y, Ji X, Zhang W, Guo Y, et al.
Optimized tandem CD19/CD20 CAR-engineered T cells in
refractory/relapsed B-cell lymphoma. Blood. 2020;136(14):
1632–44.

SUPPORT ING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of the
article.


	CD70-targeting CAR-T cells have potential activity against CD19-negative B-cell Lymphoma
	DECLARATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONSENT FOR PUBLICATION
	DATA AVAILABILITY STATEMENT

	ACKNOWLEDGEMENT
	CONTRIBUTORS
	CONFLICT OF INTERESTS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


