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Abstract: We prepared a humanized alternative B7-H3 CAR
(B7-H3-haCAR-T) targeting B7-H3 which contained the humanized
singl-chain varinlde fragment (scFv) from humanized 8H9 Mono-
clonal Antibody (hu8H9mADb). The antitumor effects of B7-H3-ha-
CAR-T cells were evaluated in B7-H3 overexpressed tumor cells (in
vitro) and B7-H3 xenograft models (in vivo). The specific tumour
killing ability of B7-H3-haCAR-T in overexpressing B7-H3 tumour
cells was verified by cytotoxicity and ELISA tests. In addition,
B7-H3 haCAR-T cells were also noted to suppress the tumour
growth remarkably well in the xenograft murine models, and the
survival time in the haCAR-T cell treatment group was appreciably
longer than that in the control group. The specific recognition and
highly efficient tumoricidal behavior of B7-H3 haCAR-T provide a
basis for future clinical studies with humanized scFv-transduced
CAR-T cells targeting solid tumors.
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0 Introduction

Chimeric antigen receptor (CAR) T cells are T lym-
phocytes genetically modified to express a synthetic re-
ceptor that induces T cell activation and costimulatory
pathways when combined with cell surface antigens on
tumor cells'". The CAR allows T cells to be directed to a
range of tumor cells surface antigens with high specificity,
independent of major histocompatibility complex (MHC)
restriction and antigen processing, thereby bypassing the
main mechanisms of tumors escape from immune recog-
nition”. Selection of the single-chain variable fragment
(scFv) of extracellular antigen-binding domain in the
structural design of CAR is critical which directly deter-
of CAR-T
therapeutics™. Majority of currently applied scFvs are
derived from previously published sequences of heavy and
light chain of mouse monoclonal antibodies (mAbs)!*. Yet,

mines the efficiency and assurance

many researchers have demonstrated that the host immune
responses identify mouse scFv phenotypes and annul the

5-7
: ]. In order to overcome

consequent CAR-T infusions
this, humanization strategies have been designed to re-
place the segment of mAbs with human counterparts. Sat-
isfyingly, the humanized alternative CD19 CAR is supe-
rior to its murine counterpart in terms of antigen-binding
affinity and in vitro antitumor efficacy™. Thus humanized
alternative CAR-T cells have the feasibility to smash the
impediment induced by immunogenicity of murine scFv
after multiple infusion of murine CAR-T cells.

B7-H3, a type I transmembrane protein, located on
human chromosome 15, belongs to B7 family which has
two isoforms of the extracellular domain called 4IgB7-
H3 and 21gB7-H"". Recent evidence suggests that B7-H3
is broadly overexpressed in most human malignancies

and limitedly expressed in normal human tissues''® ',
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On the other hand, the increased enrichment of B7-H3 in
tumor cells is often associated with less tumor infiltrating
lymphocytes, quicker development of cancer, and worse
clinical outcome of various malignant tumors!*"'*.
Added, various B7-H3-specific mAbs agents have shown
promising antitumor activity and safety in clinical
trials"> ', Taking altogether, B7-H3 has been consid-
ered and recommended as a good target for CAR T-cell
immunotherapy.

8HI9mAD is a murine IgG1 which has been reported
to target B7-H3!""\. By immunohistochemistry, SH9mAb
has been shown to extremely reactive with a variety of
human solid tumors and to display positive tumor absorp-
tion capacity in the xenograft models of brain and sarcoma
(18190 In multiple clinical trials, SH9mAb has been
tested as a safe and effective target for the radioimmuno-
therapy of leptomeningeal metastases (NCT00089245)"),
diffuse intrinsic pontine glioma (NCT01502917)*" and
peritoneal metastases (NCT01099644)*%]. Interestingly,
B7-H3 CAR-T derived from the 8H9mAb has shown

potent anti-tumour effects in the treatment of glioblas-
(23]

tumors

toma~'. In addition, a newly developed humanized
8HIMAD (hu8H9mADb) has been tested to have potent
antitumor activity and thus it might modulate the immu-
nomodulatory properties of B7-H31**1.

Herein, we developed a new B7-H3-targeting CAR
by means of a B7-H3 scFv from humanized 8H9mADb
and assessed its safety and effectiveness against B7-H3
overexpressed tumor cells (in vitro) and B7-H3 xegraft
murine models (in vivo). Our results indicated that the
humanized scFv from huSH9mAb may be an attractive
scFv for CAR-T treatment of solid tumors in the future.

1 Materials and Methods

1.1 Cell Lines and Culture Media

SGC and 293T cell were obtained from ATCC. The
B7-H3-SGC-Mcherry cell line was produced by trans-
fection of the parental SGC cells with lentivirus vector
pLVX-B7-H3-Mcherry-N1, which had been previously
constructed in our laboratory. The transfected SGC cells
were then labelled with anti-human B7-H3 antibody
(BioLegend) and classified to obtain a community of
B7-H3 over-expressing SGC cells.

SGC, B7-H3-SGC-mCherry and 293T cells were
cultured in Dulbecco’s modified Eagle medium(DMEM)
supplemented with 10% fetal bovine serum (FBS), 100
U/mL penicillin, and 100 mg/mL streptomycin. Human
peripheral blood mononuclear cells (PBMCs) were cul-

tured in RPMI-1640 medium with 10% FBS, IL-2 (50
ng/mL), 100 U/mL penicillin, and 100 mg/mL strepto-
mycin. All cells were kept in 5% CO, at 37 C. All of
the above cell culture media and ingredients were ac-
quired from Hyclone.

1.2 Construction of CAR Vector and Retrovirus
Production

The CAR sequence including signal peptide, hu-
manized scFv targets B7-H3, hinge, CD8 TM, the cyto-
plasmic structural domains of human CD28, 4-1BB and
CD3( was synthetically prepared by Genescript (China)
and was cloned into a lentivirus vector (pLVX-EFla-
IRES-ZsGreen-N1).

Lentiviral vectors were generated by instantaneous
transfection of 293T cells utilizing standard calcium
phosphate precipitation protocol. In brief, 293T cells cul-
tured in 10 cm culture dishes were transfected with 12 pg
of the lentiviral backbone plasmid, along with 9 ug of the
psPAX2 and 3 pg of the pMD2.G packaging plasmids.
The viral supernatants were harvested 48 h and 72 h of
post-transfection and filtered through a 0.45 pum filter, then
ultracentrifuged at 20 000 t/min for 2 h at 4 “C. The ob-
tained granules were resuspended in chilled phosphate
buffered saline (PBS) and kept at —80 “C until used.

1.3 T Cell Transduction and Expansion

Human peripheral blood mononuclear cells
(PBMCs) were separated from the blood of a healthy
donor by density gradient centrifugation, cultured in
RPMI-1640 with 10% FBS and IL-2 (50 ng/mL).
PBMCs were stimulated by incubating the cells with
human T-activator CD3/CD28 beads for 24 h prior to
retroviral transduction (bead:cell ratio was 1:1). For
transduction, lentivirus supernatant was spin-loaded onto
12-well plates coated with 18 mg/mL RetroNectin (Ta-
kara) and centrifuged 2 h at 2 000 g at 32 ‘C. The su-
pernatant was discarded and activated T cells (5x10°
cells/well) were added to the plates loaded with vector
along with fresh medium. The plates were centrifuged at
2 000 r/min 32 °C for 5 min and cultured overnight at
37 C and 5% CO,. During in vitro amplification, the
medium was supplemented and the cell density was ad-
justed to 5x10° -1x10%mL for every 2 days.

1.4 Flow Cytometry and Western Blot Analysis

The successful surface expression of B7-H3-haCAR
on T cells was detected with the help of flow cytometry.
In brief, the cells were washed with 1% FBS contained
PBS, incubated with the antibody for 20 min at 4 ‘C in
the dark followed by twice PBS (containing 1% FBS)
washing and then continued with analysis using BD C6
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flow cytometry and with FlowJo software. B7-H3-ha-
CAR-T cells co-expressing ZsGreen protein were de-
tected in FITC Texas green channel, and B7-H3-haCAR
expression on the surface of T cells was evaluated by
applying anti-mouse F(ab),-APC antibody (Abcam).
Western blot was performed to verify B7-H3-ha-
CAR protein expression. T cells (2x10°) were incubated
in 100 pL lysis buffer (RIPA) and afterward centrifuged
at 12 000 g for 20 min at 4 ‘C. Protein concentrations

were analysed through a BCA protein assay kit (TaKaRa).

Around 40 pg of protein were loaded onto 10% SDS-
PAGE which were transferred to PVDF membrane (Mil-
lipore) after
anti-human CD3{ (Santa Cruz) primary antibody over-
night. Afterward the blot was incubated with horseradish

separation and then incubated with

peroxidase (HRP)-conjugated secondary antibody (Santa
Cruz) for 2 h and the bands were detected by ECL West-
ern Blotting Analysis System (Tanon 4600).

1.5 Cytotoxicity Assays

Cytotoxicity assay was examined by employing
>ICr assay as described®). In brief, 0.1 mCi (3.7 MBq)
>!Cr was added to the target cells (10%/mL) and placed at
37 ‘C water bath for 1 h. The labelled target cells and
effector cells were then mixed according to an E:T ratio
of, 10:1, 5:1, and 1:1. After 4 h, the supernatants were
collected and radioactivity was examined by a
WIZARD2 gamma counter (Perkin-Elmer). The per-
centage of specific lysis was calculated by the following
formula: (test release-spontaneous release)/(maximal
release—spontaneous release)x100.

Cytokine release assay was achieved by a co-incu-
bation of 8x10* T cells with 1.6x10" target cells (E:T
ratio, 5:1) per well in 96-well-plate (three parallel sam-
ples per well. After 12 h, supernatants were examined for
IFN-y and IL-2 production with ELISA kit (MULTI
SCIENCES).

1.6 In vivo Study on Anti-Tumor Efficacy of
AR-T Cells in Xenograft Mouse Model

Xenograft tumor mouse model was established by
subcutaneous flank injections of 6x10° B7-H3-SGC-
Mcherry cells in 6-week-old female BALB/c nude mice
(Shanghai Lab Animal Research Center). When the tu-
mor reached about 300 mm® in 7 days after tumor cells
inoculation, the mice were divided into three groups (5
per group) and injected with 1x10" T cells of different
groups/150 puL (B7-H3-haCAR-T cells, T cells, and PBS)
via tail vein. Tumor growth was monitored once in two

days and tumor volume was calculated using the formula:

1/2xlengthx(width)?. The time of death of each group of

mouse was recorded to plot survival curves using
GraphPad Prism software v.8.0.
1.7 Statistical Analysis

All the data were expressed as the meantstandard
deviation. Histograms and line charts were generated by
GraphPad Prism 8.0. T tests were used to determine the
P values. The P values were used (*P<0.05, **P<0.0l,

kKK

P<0.001).

2 Results

2.1 Construction and Detection of
B7-H3-haCAR-T Cells

To generate B7-H3-specific T cells, B7-H3 targeted
third-generation CAR was first prepared and the CAR
encoding fusion protein has the following protein se-
quences: IgG « leader peptide, humanized B7-H3 scFv,
the hinge, TM region of human CD8a, intracellular signal
domain of 4-1BB, CD28 costimulatory domain, the CD3(
chain, an Internal ribosome entry site (IRES) and ZsGreen
(Fig.1(a)). The successful haCAR expression on T cells
following lentivirus transduction was examined by the
co-expression of ZsGreen (which is under the control of
IRES) using fluorescence microscope (Fig. 1(b)) and flow
cytometry (Fig.1(c)). The haCAR protein expression on T
cells was also simultaneously checked with western blot.
In addition to the endogenous CD3( (15 ku) band which
was detected in both NT (non-transduced) and CAR-T
cells, a protein band of approximately 60 ku was also ob-
served in CAR-T cells (Fusion haCAR protein matches
expected dimensions), but not in NT cells which con-
firmed the successful construction of haCAR-T cells
(Fig.1(d)). Further, following 14 days of lentiviral trans-
duction, the phenotypic categories of haCAR-T cells were
examined using flow cytometry (Fig.1(e) and (f)). Sur-
prisingly, a ratio of 1:7 of CD4+/CD8+ T cells were
counted in the flow cytometry analysis which clearly con-
firmed that the large proportion of T cells were CD8+ T
cells. In addition, T cell markers such as the central mem-
ory phenotypic markers (CD45R0O, CCR7) and exhaustion
phenotypic markers (PD-1, TIM3) were also inspected to
confirm the phenotypic categories of the haCAR-T cells.
But there was no noteworthy disparity found in the ex-
pression of the above mentioned T cell markers between
the haCAR-T and NT cell groups.
2.2 Anti-tumor Effect of B7-H3-haCAR-T Cells
in vitro

To find the anti-tumor effect of B7-H3-haCAR-T
cells both in vitro and in vivo, B7-H3 overexpressed B7-
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Fig.1 Manufacture of B7-H3-haCAR-T cells
(a) Scheme of B7-H3-haCAR which comprises of anti-B7-H3 scFv, the hinge and transmenbrane (TM) region of human CD8a, CD28 and 4-1BB signaling domain,
human CD3( chain, IRES and ZsGreen. (b) and (c) The expression effectiveness of haCAR was detected through (b) fluorescent microscope and (c) flow cytometric

assay of ZsGreen. Flow cytometry detected 25.2% of total T cells expressing ZsGreen. (d) Immunoblot analysis of cell lysates from both untransduced and CAR

transduced T lymphocytes. (e) and (f) Phenotypic categories of NT and haCAR-T cells were determined by flow cytometric analysis after 14 days of lentiviral trans-

duction

H3-SGC-Mcherry (B7-H3-SGC-M) cells were prepared
via molecular biology methods. Later, flow cytometry
analysis was utilized to confirm the cell surface expres-
sion of B7-H3 in B7-H3-SGC-M cells (Fig. 2(a)), during
which the B7-H3-negative cells SGC-Mcherry(SGC-M)
were used as a control. To assess the specific anti-tumor
effect of B7-H3-haCAR-T cells, firstly, the cytotoxic
effect of B7-H3-haCAR-T cells was tested using °'Cr
release cytotoxicity assay. As shown in Fig. 2(b), ha-
CAR-T cells proficiently and specifically lysed B7-H3-
overexpressed B7-H3-SGC-M cells; in contrast, there
was no major response noted in B7-H3 negative SGC-M
cells. Next to find out the relative cytokine secretion
level, B7-H3-SGC-M and SGC-M cells were
co-incubated with haCAR or NT cells at an effector to
target cells (E:T) proportion of 5:1, from which the su-
pernatants were collected and tested with ELISA kit. As
expected, an increase in the release of interleukin-2
(IL-2) and interferon-gamma (IFN-y) was detected in the
supernatant of B7-H3-SGC-M cells co-incubated with
haCAR-T cells, which was not the case in SGC-M cells
(Fig. 2(c)). This confirmed that the haCAR-T cells have

potent anti-tumor efficacy. Furthermore, subsequent

analysis was performed to examine the tumour-killing
capacity of B7-H3-haCAR-T cells at low E:T proportion
in vitro, during which haCAR-T cells were co-incubated
with B7-H3-SGC-M or SGC-M cells at an E:T propor-
tion of 1:6. After 72 h of co-incubation, the remaining
haCAR-T and tumour cells were counted using flow cy-
tometry. The results revealed that more B7-H3-SGC-M
cells were lysed by B7-H3-haCAR-T cells compared to
SGC-M cells (Fig. 2(d) and (e)). This result evidenced
that co-culturing of B7-H3-haCAR-T with B7-H3-SGC-
M cells significantly increased the expansion rate of B7-
H3-haCAR-T than the SGC-M cells (Fig. 2(e)).
2.3 Antitumor Effect of B7-H3-haCAR-T Cells
in vivo

Having proved the specificity and functionality of
B7-H3-haCAR-T cells in vitro, in vivo antitumor effect
was evaluated subsequently. A subcutaneous B7-H3-
SGC-Mcherry cells xenograft model was established to
investigate the anti-tumor effect of B7-H3-haCAR-T
cells in vivo by injecting B7-H3-SGC-7901 cells (1X106)
into the flank of female nude mice (n=5 per treatment
group). When the average tumor volume reached about
100 mm’®, the mice were then injected with 1x10’
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Fig. 2 Anti-tumor efficacy of B7-H3-haCAR-T cells in vitro
(a) Schematic representation of DNA structures for the construction of B7-H3-Mcherry fusion proteins; flow cytometric assay of B7-H3 from SGC-Mcherry cells and

B7-H3-SGC-Mcherry cells with a FITC labeled anti-B7-H3 monoclonal antibody; (b) *'Cr-release assays of haCAR-T cells against B7-H3-SGC-Mcherry or
SGC-Mcherry cell at different E:T proportions; (c) The IFN-y and IL-2 secretion levels of haCAR-T cells co-incubated with target cells in E:T proporation of 5:1 at 8 h
were measured through ELISA; (d) Representative flow cytometer dot plots displaying haCAR-T cells and tumor cells after 72 h of co-incubated; (¢) Absolute numbers

Hk

of haCAR-T cells and tumor cells after 72 h of co-incubated (~P<0.01,

B7-H3-haCAR-T cells through the caudal vein and tu-
mor growth was monitored every two days (The treat
ment schema is shown in Fig. 3(a)). As expected, mice
treated with B7-H3-haCAR-T cells demonstrated a
noteworthy inhibition in tumor enlargement in contrast
with untransduced control T cells and PBS groups (Fig.
3(b)). In addition, as shown in the total antioxidant status
(TAs) graph (Fig. 3(c)), the survival in the xenograft
mouse model treated with B7-H3-haCAR-T cells was
much longer than other groups. Together these results
showed that compared with PBS and control T cells,
B7-H3-haCAR-T cells can effectively infiltrate the tumor
tissues and have a significant killing effect on tumor
cells.

Off-target toxicity is one of the serious side-effects
of CAR-T therapy. In order to verify the safety of
B7-H3-haCAR-T cells, we performed hematoxylin- eo-
sin (HE) staining of the major tissues of mice executed 10
days after injection of PBS, T and B7-H3-haCAR-T, re-
spectively, to further observe the effect of B7-H3-ha-

P<0.001)

CAR-T cells on normal tissues. As shown in Fig. 3(d),
major tissues had no obvious histo-pathological abnor-
malities or lesions in the B7-H3-haCAR-T treated group,
which suggested that there was no evidence of off-target
toxicity caused by B7-H3-haCAR-T cells.

3 Discussion

CAR-T is a promising cancer treatment in recent
years and two products targeting CD19 for refrac-
tory/relapsed B-cell malignancies have been approved by
the Food and Drug Administration (FDA) in 2017 and
201812261, However, the vast structural differences be-
tween solid tumors and hematological tumors make ma-
jority of the patients with solid tumors ineffective to
CAR-T therapies”®”). The tumor microenvironment,
which is unique to solid tumors, leads to rapid apoptosis
of CAR-T cells, which is one of the key factors limiting
CAR-T treatment for solid tumors™™. Recent evidence
suggests that further optimization of CAR structure can
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Fig. 3 Antitumor efficacy and safety evaluation of B7-H3-haCAR-T cells in vivo

(a) Schematic diagram of the xenograft model treatment protocol; (b) Volumetric measurement of xenograft tumors in each group at the indicated time; (c) Measure-

ment of survival curves in mice by the Kaplan-Meier method; (d) The main organs of the treated mice were stained with hematoxylin and eosin (H&E); “"P < 0.01

improve the tumour-killing effect of CAR-T, prolong its
survival time in vivo and can effectively resist the side
effects of the tumour microenvironment on CAR-T’,
Humanized scFv have been noted to give better recogni-
tion specificity and anti-tumor capacity to CAR-T cells
compared to murine scFv which could bring more
meaningful improvements in the treatment of solid ma-
lignancies with CAR-T"".

The precise therapeutic target plays pivotal role to
the security and efficacy of CAR-T treatment”". CD19
CAR-T cells have shown significant efficacy in the ther-
apy of leukemia, but no cell surface antigen with similar
properties to CD19 has been found in solid tumors™?,
The off-target toxicity is observed when selecting mole-
cules such as HER2 or EGFR for CAR-T treatment of
solid tumors, as these molecules are also expressed in
13334 The ideal CAR targeting
molecule should be mainly overexpressed on the surface

some normal tissues

of cancer cells, with very low or zero expression in nor-
mal tissues”®”\. To date, B7-H3 molecule has been proved
to be specifically and broadly overexpressed on tumor
tissues which have negative immune regulation function,

and thus tumor cells can escape the human immune sur-
veillance by applying this mechanism”®. Further com-
prehension of the role of B7-H3 and added preclinical
and clinical exploration may identify it as a reasonable
anti-tumor target.

In this study, we prepared a B7-H3-haCAR with
humanized scFv derived from hu8H9mADb to target
B7-H3 which is specifically enriched on the surface of
tumor cells. The 8H9mAb was humanized by grafting
the heavy and light chain CDR loops of 8H9scFv onto
the human IgGl framework. The new humanized 8H9
(hu8H9) scFv was further mutation-optimized by adopt-
ing yeast display technology to achieve a 160-fold in-
creased affinity to B7-H3 compared to the previously

4 Our cytotoxic experiments revealed that

reported one
the increased affinity of humanized scFv has benefited
the B7-H3-haCAR-T cells to maintain its tumor killing
effect even at a lower E:T ratio (Fig. 2(d)). This clearly
showed that even low doses of B7-H3-haCAR-T could
be used for clinical treatment which in turn would effec-
tively avoid the occurrence of cytokine-released syn-

drome (CRYS).
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However, it should be taken into account that this
study has only checked the antitumor efficacy of the
B7-H3-haCAR-T with B7-H3 over expressed modified
SGC (B7-H3-SGC-Mcherry). Further detailed study on
the effect of B7-H3-haCAR-T cells over other B7-H3
overexpressed wild type (WT) cancer cells and added
evaluation studies of its effectiveness and safety on pa-
tient-derived tumor xenografts (PDXs) model could
make this B7-H3-haCAR-T cells more opt for treatment
of solid tumors in future.

4 Conclusion

We developed humanized B7-H3-haCAR-T cells
which have prominent cytotoxic effects on B7-H3-SGC-
Mcherry cells in vitro and obviously exerted tumour re-
mission in xenograft tumor models and hence our results
support the clinical development of humanized B7-H3-
haCAR-T in solid tumors.
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