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CD19 is a type I transmembrane glycoprotein belonging to the immunoglobulin superfamily. It is expressed in normal
and neoplastic B cells, and it modulates the threshold of B cell activation for amplifying B cell receptor signaling.
Blinatumomab (a CD3-CD19-bispecific T cell-engaging antibody) and tisagenlecleucel (genetically modified T cells
that express a CD19 chimeric antigen receptor [CART-19]) provide significant benefits for patients with CD19-positive
relapsed or refractory B cell malignancies. In this study, we first employed the Cell-Based Immunization and Screening
(CBIS) method to produce anti-CD19 monoclonal antibodies using CD19-overexpressing cells for both immunization
and screening. One established clone—C9Mab-1—proved to be useful in flow cytometry assays against lymphoma
cell lines, such as BALL-1, P30/0OHK, and Raji. Second, the extracellular domain of CD19 was immunized into mice,
and enzyme-linked immunosorbent assays were performed for the first screening. One established clone—C,9Mab-
3—was determined to be useful for Western blotting and immunohistochemical analysis. Due to their complementary
utility, a combination of CgMab-1 (established using CBIS) and C,oMab-3 (established using conventional method)
could be useful for the pathological analysis of CD19.
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Introduction restricted expression on most stages of B cells (except for
plasma cells).””” Blinatumomab (Blincyto) and tisagenle-
D19 (B-LYMPHOCYTE SURFACE ANTIGEN B4), a type I  cleucel (Kymriah) represent recent breakthroughs in CD19-
transmembrane glycoprotein of 95kDa, belongs to the targeted therapy. Blinatumomab is a CD3-CD19-bispecific T
immunoglobulin (Ig) superfamily and comprises two extra- cell-engaging antibody; it comprises two single-chain vari-
cellular C2-set Ig-like domains, a transmembrane domain, and  able fragments (scFv) and binds to both CD19 on B cells and
a cytoplasmic tail."’ CD19 is expressed in normal and neo- CD3 on T cells.® Blinatumomab is approved for treating
plastic B cells as well as in follicular dendritic cells; it func- relapsed and refractory pediatric B cell acute lymphoblastic
tions coordinately with several cell surface receptors, such as  leukemia (B-ALL). Similarly, considerable effects have been
complement receptor CD21, tetraspanin membrane protein achieved by administration of tisagenlecleucel, such as ge-
CD81, and CD225.”%) These receptors form a cell surface netically modified T cells that express a CD19-specific an-
complex with the B cell receptor (BCR) that modulates the tigen receptor (CART-19). Tisagenlecleucel is approved for
threshold of B cell activation for amplifying BCR signal- the treatment of children and young adults with B-ALL that is
ing.®* A previous report has clarified that B cells from CD19-  refractory or at a second or later relapse.”” Treatment with
KO mice are hyporesponsive to BCR stimulation in vitro and  the anti-CD19 antibody—drug conjugate coltuximab ravtan-
show relatively modest immune responses in vivo.”’ In addi-  sine (SAR3419) resulted in moderate clinical responses in
tion, another study has revealed that deletion of the cytoplas- pretreated patients with relapsed/refractory diffuse large B
mic domain of CD19 in transgenic mice resulted in abnormal ~cell lymphoma."” Fc-engineered anti-CD19 monoclonal
B cell development, modest mitogen responses, minimal se- antibodies that enhance the killing function of effector cells
rum Ig levels, and attenuated humoral immunity, indicating have also shown potential as candidate therapies. "'
that specific signals through the cytoplasmic domain of CD19 Recently, we developed a Cell-Based Immunization and
are prerequisites for B lymphocyte function.® Screening (CBIS) method to produce useful monoclonal anti-
CD19 is a biomarker for lymphoma and an immunotherapy ~ bodies (mAbs) against several membrane proteins.'*~'® In this
target for B cell lymphoproliferative diseases because of its  study, we generated two novel anti-CD19 mAbs—C,9Mab-1
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and C 9Mab-3—using CBIS and a conventional method
(a soluble protein-based method), respectively. We further
compared their utility in flow cytometry, Western blotting, and
immunohistochemical analyses.

Materials and Methods
Cell lines

CHO-K1, LN229, and P3U1 cell lines were obtained from the
American Type Culture Collection (ATCC, Manassas, VA).
Lymphoma-derived cell lines P30/OHK, BALL-1, and Raji were
obtained from the Cell Resource Center for Biomedical Re-
search, Institute of Development, Aging and Cancer at Tohoku
University (Miyagi, Japan). CD19-overexpressed CHO-K1 cells
(CHO/CD19) and LN229 cells (LN229/CD19) were produced
by transfecting pCAG/CD19-RAP-MAP into CHO-KI1 and
LN229 cells using a Gene Pulser Xcell electroporation system
(Bio-Rad Laboratories, Inc., Berkeley, CA) and a Neon trans-
fection system (Thermo Fisher Scientific, Inc., Waltham, MA),
respectively. CD19 extracellular domain-producing LN229 cells
(LN229/CD19ec) were prepared by transfecting pCAG/PA-
CD19ec-RAP-MAP into LLN229 cells using the Neon transfec-
tion system. The PA tag system (PA12: GVAMPGAEDDVYV vs.
clone: NZ-1), RAP tag system (RAP12: DMVNPGLEDRIE vs.
clone: PMab-2), and MAP tag system (MAP12: GDGMV
PPGIEDK vs. clone: PMab-1) were previously established at our
laboratory."' ' The stable transfectants of CHO/CD19 were
established using a cell sorter (SH800; Sony Corp., Tokyo, Ja-
pan). The stable cell lines of LN229/CD19 and LN229/CD19ec
were established by limiting dilution.

LN229, LN229/CD19, and LN229/CD19ec were cultured in
Dulbecco’s modified Eagle’s medium (Nacalai Tesque, Inc.,
Kyoto, Japan), and CHO-K1, CHO/CD19, P3U1, P30/OHK,
BALL-1, and Raji cells were cultured in RPMI 1640 medium
(Nacalai Tesque, Inc.) at 37°C in a humidified atmosphere
containing 5% CO, and 95% air. Media were supplemented
with 10% heat-inactivated fetal bovine serum (FBS; Thermo
Fisher Scientific, Inc.), 100 U/mL penicillin, 100 pug/mL strep-
tomycin, and 25 pug/mL amphotericin B (Nacalai Tesque, Inc.).

Animals and human tissues

Female BALB/c mice (6 weeks old) were purchased from
CLEA Japan (Tokyo, Japan) and kept under specific pathogen-
free conditions. The Animal Care and Use Committee of To-
hoku University approved all animal experiments described in
this study. We used tonsil tissues from a patient with oropha-
ryngeal squamous cell carcinoma who had undergone surgery
at the Sendai Medical Center. Informed consent for sample
procurement and subsequent data analyses was obtained from
the patient or the patient’s guardian.

Production of mouse monoclonal antibodies
against human CD19

Hybridomas were produced as follows. LN229/CD19 cells
(Ix 10® cells/dose), or soluble CD19 (100 pg/dose), were in-
traperitoneally administered into the BALB/c mice. Imject
Alum (Thermo Fisher Scientific, Inc.) was mixed with an
immunogen at initial immunization as an adjuvant. After three
booster immunizations at 1-week intervals, the final injection
was intraperitoneally administered 2 days before harvesting
the spleen cells. These spleen cells were then fused with P3U1
cells using PEG1500 (Roche Diagnostics, Indianapolis, IN).

YAMADA ET AL.

The resulting hybridomas were grown in RPMI medium sup-
plemented with 10% FBS, hypoxanthine, aminopterin, thymi-
dine selection medium supplement (Thermo Fisher Scientific,
Inc.), and 5% BriClone hybridoma cloning medium (QED
Bioscience, Inc., San Diego, CA). Subsequently, 100 U/mL
penicillin, 100 ug/mL streptomycin, and 25 pug/mL amphoteri-
cin B (Nacalai Tesque, Inc.) were added to the medium. Hy-
bridomas were selected on the basis of the reactivity of culture
supernatants against cell-bound or soluble CD19 by flow cy-
tometry or enzyme-linked immunosorbent assay (ELISA), re-
spectively. mAbs were purified from the supernatants of
hybridomas and cultured in hybridoma-SFM medium (Thermo
Fisher Scientific, Inc.) using protein G Sepharose 4 Fast Flow
(GE Healthcare UK Ltd., Buckinghamshire, England).

Flow cytometry

Cells were harvested by briefly exposing them to 0.25%
trypsin/l mM ethylenediaminetetraacetic acid (Nacalai Tes-
que, Inc.). After washing with 0.1% bovine serum albumin/
phosphate-buffered saline (PBS), the cells were treated with
the hybridoma supernatant or 10 ug/mL of purified antibodies
for 30 minutes at 4°C and subsequently with Alexa Fluor 488-
conjugated anti-mouse immunoglobulin G (IgG, 1:2000; Cell
Signaling Technology, Inc., Danvers, MA). Fluorescence data
were collected using SA3800 Cell Analyzers (Sony Corp.).

Enzyme-linked immunosorbent assay

Soluble CD19 protein, purified from the supernatant of
LN229/CD19ec, was immobilized on Nunc MaxiSorp 96-well
immunoplates (Thermo Fisher Scientific, Inc.) at 1 pug/mL for
30 minutes at 37°C. After blocking with the SuperBlock T20
(PBS) blocking buffer (Thermo Fisher Scientific, Inc.), the
plates were incubated with the hybridoma culture supernatant,
followed by a 1:2000 dilution of peroxidase-conjugated anti-
mouse IgG (Agilent Technologies, Inc., Santa Clara, CA). The
enzymatic reaction was conducted using 1-Step Ultra TMB-
ELISA (Thermo Fisher Scientific, Inc.). Optical density (OD)
was measured at 655nm using an iMark microplate reader
(Bio-Rad Laboratories, Inc., Berkeley, CA).

Western blotting

Cell lysates (10 ug) were boiled in sodium dodecyl sulfate
sample buffer (Nacalai Tesque, Inc.), and the proteins were
electrophoresed on 5%—-20% polyacrylamide gels (FUJIFILM
Wako Pure Chemical Corporation, Osaka, Japan) and trans-
ferred onto polyvinylidene fluoride membranes (Merck KGaA,
Darmstadt, Germany). After blocking with 4% skim milk
(Nacalai Tesque, Inc.), the membranes were incubated with
10 ug/mL anti-CD19 (clone CgMab-1 and C;9Mab-3) or
1 ug/mL anti-RAP tag (clone PMab-2). Anti-f-actin mAb
(clone AC-15; Sigma-Aldrich Corp., St. Louis, MO) was used
with 1 ug/mL as an internal control. The membranes were then
reacted with peroxidase-conjugated anti-mouse IgG (Agilent
Technologies Inc.; 1:1000 dilution) and developed using Im-
munoStar LD (FUJIFILM Wako Pure Chemical Corporation)
using a Sayaca-Imager (DRC Co. Ltd., Tokyo, Japan).

Immunohistochemistry

Cell blocks were produced using iPGell (Genostaff Co., Ltd.,
Tokyo, Japan) and processed into 4-um paraffin-embedded cell
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sections, which were directly autoclaved in citrate buffer
(pH 6.0; Nichirei Biosciences, Inc., Tokyo, Japan) for 20
minutes. Tissue sections of 4-um thickness were directly
autoclaved in EnVision FLEX Target Retrieval Solution,
High pH (Agilent Technologies, Inc.), for 20 minutes. These
sections were blocked using the SuperBlock T20 (PBS)
blocking buffer (Thermo Fisher Scientific, Inc.) and incubated
with 1 pg/mL (cell sections) or 10 ug/mL (tissue sections) of
anti-CD19 mAbs (clone C;9oMab-1 and C;9Mab-3) for 1 hour
at room temperature. Peroxidase-conjugated anti-mouse IgG
was then applied using an Envision+ Kit (Agilent Technolo-
gies, Inc.) for 30 minutes. Color was developed using 3, 3’-
diaminobenzidine tetrahydrochloride (Agilent Technologies,
Inc.) for 2 minutes and counterstaining was performed using
hematoxylin (FUJIFILM Wako Pure Chemical Corporation).

Determination of binding affinity

CHO/CD19 and P30/OHK were suspended in 100 uL. of
serially diluted anti-CD19, followed by addition of Alexa
Fluor 488-conjugated anti-mouse IgG (1:200; Cell Signaling
Technology, Inc.). Fluorescence data were collected using
the EC800 Cell Analyzer (Sony Corp.). The dissociation
constant (Kp) was obtained by fitting the binding isotherms to
built-in, one-site binding models in GraphPad PRISM 6
(GraphPad Software, Inc., La Jolla, CA).

Results
Production of anti-CD19 mAbs using CBIS

In the first trial, we immunized two mice with LN229/CD19
cells and performed flow cytometry. Hybridoma supernatants
of 1056 wells were screened against CHO/CD19 cells and
CHO-K1 cells, and three wells (3/1056; 0.3%) that were pos-
itive against CHO/CD19 cells and negative against CHO-K1
cells were selected. Although we performed Western blotting
and immunohistochemical analyses using CHO/CD19 cells
and CHO-K1 cells, none of these three wells produced spe-
cific signals against CD19. After performing limiting dilution
of the three wells that showed specific signals in flow cyto-
metric analyses, one clone—C oMab-1 (IgG,, kappa)—was
established (Supplementary Table S1).

Production of anti-CD19 mAbs using a soluble
protein-based method

In the next trial, we immunized two mice with soluble
CD19 (LN229/CD19ec) and performed ELISA. The culture
supernatants of 958 wells were screened against LN229/
CD19ec, and 18 wells (18/958; 1.9%) that showed a positive
reaction (OD >0.1) were selected. We then performed im-
munohistochemical analyses using CHO/CD19 cells and CHO-
K1 cells. Of these 18 wells, 7 (38.9%) were positive against
CHO/CD19 cells and negative against CHO-K1 cells. We
further performed flow cytometry using CHO/CD19 cells and
CHO-KI1 cells and found that two wells were positive against
CHO/CD19 cells and negative against CHO-K1 cells. After
performing limiting dilution, one clone—C;9Mab-3 (IgG,,
kappa)—was established (Supplementary Table S1).

Flow cytometric analysis against lymphoma cell lines

C,9Mab-1 reacted with CHO/CD19 cells, but did not react
with CHO-K1 cells, suggesting that C;9Mab-1 is specific
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FIG. 1. Flow cytometric analysis of CjoMabs. Cells were
treated with 10 pg/mL C9Mab-1 (red line) or C;9oMab-3 (blue
line), followed by treatment with Alexa Fluor 488-conjugated
anti-mouse IgG. Black line, fluorescence-activated cell sorting
buffer; dashed line, mouse IgG, isotype control (10 pg/mL).
IgG, immunoglobulin G.
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FIG. 2. Western blotting analysis using C,oMabs. Cell lysates (10 pg) were electrophoresed under reducing conditions on
5%-20% polyacrylamide gels and transferred onto polyvinylidene fluoride membranes. After blocking, the membrane was
incubated with CjoMab-1 (10 pg/mL), CgMab-3 (10 pg/mL), anti-RAP tag (1 pg/mL), and anti-actin (1 pg/mL) and then

with peroxidase-conjugated secondary antibodies.

for CD19 (Fig. 1). C;9Mab-1 also detected endogenous
CD19 on human lymphoma cell lines BALL-1, P30/OHK,
and Raji, indicating that C;9Mab-1 is useful for detecting
endogenous CD19 by flow cytometry. Although C,oMab-3
reacted with CHO/CD19 cells weakly, it could not detect
the endogenous CD19 of human lymphoma cell lines in
flow cytometry (Fig. 1).

Subsequently, we performed a kinetic analysis of the inter-
action of CjgMab-1 with CHO/CD19 or P30/OHK cells using
flow cytometry. The dissociation constants Kp of C;gMab-1
were determined to be 4.0x 107 M against CHO/CD19 and
1.5% 107 M against P30/OHK, indicating that C;oMab-1 pos-
sesses moderate affinity for these cells (Supplementary Fig. S1).

Western blotting analyses

C9Mab-3 detected bands of ~75 and 100 kDa in lysates of
CHO/CD19 cells, although C;gMab-1 did not detect any spe-
cific signal at the expected molecular size (Fig. 2). The dif-
ference between the 75- and 100-kDa bands might be because
of post-translational modification(s). In Raji cells, signals be-
tween 75 and 100kDa were detected using C;oMab-3, indi-
cating that C;yMab-3 specifically detects endogenous CD19 in
Western blotting.

Immunohistochemical analyses

Immunohistochemical analyses revealed that C;oMab-1 did
not react with CHO-K1 (Fig. 3A) or CHO/CD19 cells (Fig. 3B).
Conversely, C;9Mab-3 stained CHO/CD19 cells strongly
(Fig. 3D), whereas it did not react with CHO-K1 cells (Fig. 3C),
indicating that CgMab-3 is specific for CD19. No signal was
observed for the negative control (Fig. 3E, F).

We further performed immunohistochemical analysis in
human tonsil tissues using C;oMab-1 and C;9Mab-3. As shown
in Figure 4A and B, C;yMab-1 did not stain the lymphocytes in
the tonsil tissue, whereas C;oMab-3 stained the lymphocytes
in the cortex and lymphoid follicles and in the region of the
paracortex (Fig. 4C, D). No signal was observed for the
negative control in a serial section (Fig. 4E, F).
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FIG. 3. Immunohistochemical analysis of C;9Mabs against
CD19-expressing CHO-K1 cells. After antigen retrieval,
sections were incubated with 1 pg/mL of C;oMab-1 (A, B),
Ci9Mab-3 (C, D), and blocking buffer (E, F), followed by
treatment with peroxidase-conjugated secondary antibodies.
Sections were counterstained with hematoxylin. (G, H) HE
staining. Scale bar=100 um. HE, hematoxylin and eosin.
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FIG. 4. Immunohistochemical analysis of C;9Mabs
against human tonsil tissue. After antigen retrieval, sections
were incubated with 10pg/mL of CgMab-1 (A, B),
Ci9Mab-3 (C, D), and blocking buffer (E, F), followed by
treatment with peroxidase-conjugated secondary antibodies.
(G, H) HE staining. Scale bar=100 pm.

Discussion

In our first trial of producing anti-CD19 mAbs, we used
CBIS to develop specific mAbs against CD19. This method is
very convenient because it does not require the purification of
membrane proteins in all steps of mAb production.!*~'®
Using CBIS, we developed a novel anti-CD19 mAb—
C9Mab-1—which is very useful for detection of CD19 in
flow cytometric analyses. Unfortunately, C;9Mab-1 could not
recognize the denatured CD19 protein in Western blotting
and immunohistochemistry (IHC) analyses, suggesting that
C9Mab-1 binds to a conformational epitope of CD19. In our
second trial of producing anti-CD19 mAbs, we developed
Ci9Mab-3 using the purified CD19 ectodomain as an im-
munogen. Although C;9Mab-3 is not suitable for flow cy-
tometry, it is very sensitive to Western blotting and IHC
analyses. Taken together, the findings suggest that it is im-
portant to select a suitable immunogen and screening method
when developing optimal anti-CD19 mAbs.

The CD19 recognition arm of blinatumomab is derived
from anti-CD19 mAb B43, which was obtained from a mouse
hybridoma.®*?" A recent study has revealed that B43 binds to
CD19 in the middle of the ectodomain and recognizes a con-
formational epitope, which comprises three loops spanning
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amino acid residues 97-107, 155-166, and 216-224.%> Fur-
thermore, a previous report has revealed that several anti-
CD19 mAbs (clones AB1, B4, HD37, BU12, F974A2, and
SJ25-C1) have exhibited competitive inhibition against
B43,%® indicating that the epitope of B43 is a hotspot for
production of useful anti-CD19 mAbs.

As mentioned before, CART-19 (tisagenlecleucel) therapy
has shown remarkable potential for treatment of highly re-
fractory B cell malignancies; however, some patients do not
respond to CART-19 immunotherapy for several weeks. The
acquired resistance of B-ALL to CART-19 is partly based on
skipping of CD19 exon2, in which the epitope of CD19 scFv
might exist.*¥ Therefore, the development of novel anti-
CDI19 mAbs, which recognize epitopes different from
existing Abs, would be valuable for gaining a better under-
standing of CD19-targeting immunotherapy. In addition,
future studies should investigate the epitopes recognized by
ClgMab-l and ClgMab-3.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

This research was supported, in part, by Japan Agency for
Medical Research and Development (AMED), Grant Num-
bers: JP19am0401013 (Y.K.), JP19am0101078 (Y.K.), and
JP192e0101028 (Y.K.), and by Japan Society for the Pro-
motion of Science (JSPS) KAKENHI, Grant Numbers:
17K07299 (M.K.K.) and 19K07705 (Y.K.).

Supplementary Material

Supplementary Figure S1
Supplementary Table S1

References

1. Tedder TF, and Isaacs CM: Isolation of cDNAs encoding
the CD19 antigen of human and mouse B lymphocytes.
A new member of the immunoglobulin superfamily.
J Immunol 1989;143:712-717.

2. Fearon DT, and Carroll MC: Regulation of B lymphocyte
responses to foreign and self-antigens by the CD19/CD21
complex. Annu Rev Immunol 2000;18:393-422.

3. Otero DC, Anzelon AN, and Rickert RC: CD19 function in
early and late B cell development: 1. Maintenance of fol-
licular and marginal zone B cells requires CD19-dependent
survival signals. J Immunol 2003;170:73-83.

4. Buhl AM, Pleiman CM, Rickert RC, and Cambier JC:
Qualitative regulation of B cell antigen receptor signaling
by CD19: Selective requirement for PI3-kinase activation,
inositol-1,4,5-trisphosphate production and Ca2+ mobili-
zation. J Exp Med 1997;186:1897-1910.

5. Engel P, Zhou LJ, Ord DC, Sato S, Koller B, and Tedder TF:
Abnormal B lymphocyte development, activation, and dif-
ferentiation in mice that lack or overexpress the CD19 signal
transduction molecule. Immunity 1995;3:39-50.

6. Sato S, Miller AS, Howard MC, and Tedder TF: Regulation
of B lymphocyte development and activation by the
CD19/CD21/CD81/Leu 13 complex requires the cytoplas-
mic domain of CD19. J Immunol 1997;159:3278-3287.

7. Scheuermann RH, and Racila E: CD19 antigen in leukemia
and lymphoma diagnosis and immunotherapy. Leuk Lym-
phoma 1995;18:385-397.



Downloaded by Y ukinari Kato from www.liebertpub.com at 04/09/20. For personal use only.

50

]

O

10.

11.

12.

13.

14.

15.

16.

17.

. Nagorsen D, Bargou R, Ruttinger D, Kufer P, Baeuerle PA,
and Zugmaier G: Immunotherapy of lymphoma and leu-
kemia with T-cell engaging BiTE antibody blinatumomab.
Leuk Lymphoma 2009;50:886—-891.

. Vairy S, Garcia JL, Teira P, and Bittencourt H: CTL019

(tisagenlecleucel): CAR-T therapy for relapsed and re-

fractory B-cell acute lymphoblastic leukemia. Drug Des

Devel Ther 2018;12:3885-3898.

Trneny M, Verhoef G, Dyer MJ, Ben Yehuda D, Patti C,

Canales M, Lopez A, Awan FT, Montgomery PG, Janikova

A, Barbui AM, Sulek K, Terol MJ, Radford J, Guidetti A,

Di Nicola M, Siraudin L, Hatteville L, Schwab S, Oprea C,

and Gianni AM: A phase II multicenter study of the anti-

CD19 antibody drug conjugate coltuximab ravtansine

(SAR3419) in patients with relapsed or refractory diffuse

large B-cell lymphoma previously treated with rituximab-

based immunotherapy. Haematologica 2018;103:1351—

1358.

Horton HM, Bernett MJ, Pong E, Peipp M, Karki S, Chu SY,

Richards JO, Vostiar I, Joyce PF, Repp R, Desjarlais JR, and

Zhukovsky EA: Potent in vitro and in vivo activity of an Fc-

engineered anti-CD19 monoclonal antibody against lym-

phoma and leukemia. Cancer Res 2008;68:8049-8057.

Matlawska-Wasowska K, Ward E, Stevens S, Wang Y,

Herbst R, Winter SS, and Wilson BS: Macrophage and

NK-mediated killing of precursor-B acute lymphoblastic

leukemia cells targeted with a-fucosylated anti-CD19

humanized antibodies. Leukemia 2013;27:1263-1274.

Yamada S, Itai S, Nakamura T, Yanaka M, Kaneko MK,

and Kato Y: Detection of high CD44 expression in oral

cancers using the novel monoclonal antibody, C44Mab-5.

Biochem Biophys Rep 2018;14:64—68.

Yamada S, Itai S, Nakamura T, Yanaka M, Chang YW,

Suzuki H, Kaneko MK, and Kato Y: Monoclonal antibody

L1Mab-13 detected human PD-L1 in lung cancers. Mono-

clon Antib Immunodiagn Immunother 2018;37:110-115.

Yamada S, Itai S, Furusawa Y, Sano M, Nakamura T,

Yanaka M, Handa S, Hisamatsu K, Nakamura Y, Fukui M,

Harada H, Mizuno T, Sakai Y, Ogasawara S, Murata T,

Uchida H, Tahara H, Kaneko MK, and Kato Y: Detection

of tiger podoplanin using the anti-cat podoplanin mono-

clonal antibody PMab-52. Monoclon Antib Immunodiagn

Immunother 2018;37:224-228.

Itai S, Fujii Y, Nakamura T, Chang YW, Yanaka M, Saidoh

N, Handa S, Suzuki H, Harada H, Yamada S, Kaneko MK,

and Kato Y: Establishment of CMab-43, a sensitive and

specific anti-CD133 monoclonal antibody, for immunohis-
tochemistry. Monoclon Antib Immunodiagn Immunother
2017;36:231-235.

Fujii Y, Kaneko MK, Ogasawara S, Yamada S, Yanaka M,

Nakamura T, Saidoh N, Yoshida K, Honma R, and Kato Y:

Development of RAP tag, a novel tagging system for pro-

18.

19.

20.

21.

22.

23.

24.

YAMADA ET AL.

tein detection and purification. Monoclon Antib Im-
munodiagn Immunother 2017;36:68-71.

Fujii Y, Kaneko MK, and Kato Y: MAP tag: A novel tag-
ging system for protein purification and detection. Mono-
clon Antib Immunodiagn Immunother 2016;35:293-299.
Fujii Y, Kaneko M, Neyazaki M, Nogi T, Kato Y, and
Takagi J: PA tag: A versatile protein tagging system using a
super high affinity antibody against a dodecapeptide de-
rived from human podoplanin. Protein Expr Purif 2014;95:
240-247.

Bejcek BE, Wang D, Berven E, Pennell CA, Peiper SC,
Poppema S, Uckun FM, and Kersey JH: Development and
characterization of three recombinant single chain antibody
fragments (scFvs) directed against the CD19 antigen.
Cancer Res 1995;55:2346-2351.

Uckun FM, Ramakrishnan S, and Houston LL: Immunotoxin-
mediated elimination of clonogenic tumor cells in the presence
of human bone marrow. J Immunol 1985;134:2010-2016.
Teplyakov A, Obmolova G, Luo J, and Gilliland GL:
Crystal structure of B-cell co-receptor CD19 in complex
with antibody B43 reveals an unexpected fold. Proteins
2018;86:495-500.

Uckun FM, Jaszcz W, Ambrus JL, Fauci AS, Gajl-
Peczalska K, Song CW, Wick MR, Myers DE, Waddick K,
and Ledbetter JA: Detailed studies on expression and
function of CD19 surface determinant by using B43
monoclonal antibody and the clinical potential of anti-
CD19 immunotoxins. Blood 1988;71:13-29.

Sotillo E, Barrett DM, Black KL, Bagashev A, Oldridge D,
Wu G, Sussman R, Lanauze C, Ruella M, Gazzara MR,
Martinez NM, Harrington CT, Chung EY, Perazzelli J,
Hofmann TJ, Maude SL, Raman P, Barrera A, Gill S, La-
cey SF, Melenhorst JJ, Allman D, Jacoby E, Fry T, Mackall
C, Barash Y, Lynch KW, Maris JM, Grupp SA, and
Thomas-Tikhonenko A: Convergence of acquired muta-
tions and alternative splicing of CD19 enables resistance to
CART-19 immunotherapy. Cancer Discov 2015;5:1282—
1295.

Address correspondence to:

Yukinari Kato

New Industry Creation Hatchery Center
Tohoku University

2-1 Seiryo-machi, Aoba-ku

Sendai, Miyagi 980-8575

Japan

E-mail: yukinari-k@bea.hi-ho.ne.jp

Received: January 26, 2020
Accepted: February 27, 2020



Supplementary Data

A 10007
750
c
[+
s
500
s
Ky;=4.0x 10°
250
0 L L) L] L L]
10 10" 10° 10 102 10° 10+
Concentration (nM)
B 150
c 100
(1]
Q
=
[=]
Q
(3]
50
K,=1.5x108
0 a5 T T T 1
102 10" 10° 10 102 10°

Concentration (nM)

SUPPLEMENTARY FIG. S1. Determination of the
binding affinity of C;gMab-1 using flow cytometry.
CHO/CD19 (A) and P30/OHK (B) were suspended in
100 uL of serially diluted C;9oMab-1 (0.6-10 pg/mL), fol-
lowed by addition of secondary anti-mouse immunoglobulin
G. Fluorescence data were collected using a cell analyzer.
GeoMean, geometric mean value.

SUPPLEMENTARY TABLE S1. SUMMARY OF HYBRIDOMA PRODUCTION

Hybridoma clone

Trial Immunogen First screening Second screening Third screening used in this study
1 LN229/CD19 (cell-bound CD19) 3/1056 (FCM)* 0/3 (IHC) 0/3 (WB) Ci9Mab-1 (IgGy, kappa)
2 LN229/CD19ec (soluble CD19)  18/958 (ELISA) 7/18 (IHC) 2/18 (FCM) C9Mab-3 (IgG,, kappa)

Hybridoma supernatants were assayed against CHO-K1 cells and CHO/CD19 cells in FCM, WB, and IHC screening. For ELISA
screening, soluble CD19 was used as a solid-phase antigen.

“No. of positive wells/no. of tested wells (screening method).

ELISA, enzyme-linked immunosorbent assay; FCM, flow cytometry; WB, Western blotting; IHC, immunohistochemistry; IgG,

immunoglobulin G.
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