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Abstract: The CXC chemokine receptor 5 (CXCR5) is a member of the G protein-coupled receptor family that
is highly expressed in B cells and a subset of T cells such as T follicular helper cells. Various types of cancers,
including non-small cell lung cancer, breast cancer, and prostate cancer also express CXCR5; therefore,
antibodies that specifically bind to CXCR5 could be useful for clarification of the mechanisms of cancer
progression. In this study, we aimed to develop high-affinity monoclonal antibodies (mAbs) for flow cytometry
against mouse CXCR5 (mCXCR5). The established anti-mCXCR5 mAb, CxsMab-3 (rat IgGz, kappa), reacted
with mCXCR5-overexpressed Chinese hamster ovary (CHO)-K1 (CHO/mCXCR5) by flow cytometry. Kinetic
analyses using flow cytometry indicated that the dissociation constants (Kp) of CxsMab-3 for CHO/mCXCRS5 is
7.2 x 1071 M, indicating that CxsMab-3 is useful for detecting mCXCR5 by flow cytometry with high affinity.
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1. Introduction

Chemokines are classified into four different subfamilies: CC, CXC, CX3C, and XC, which
depend on the position and number of cysteine residues in their N-terminus.[1] The chemokine
receptors belong to seven-transmembrane G-protein-coupled receptor (GPCR) families, and trigger
intracellular signal transductions through binding to the ligands [1]. They play fundamental roles in
development, homeostasis, immune system, cell proliferation, angiogenesis, and lymphocyte
differentiation [2,3]. The CXC chemokine receptor type 5 (CXCR5) is predominantly expressed on the

surface of B cells and a subset of T cells, such as T follicular helper (Tfh) cells [4]. The CXCR5" Tfh
cells interact with germinal center B cells and promote the differentiation into plasma cells or memory

formation through somatic hypermutation and class-switch [5]. Therefore, CXCR5" Tth cells play an
important role in secondary lymphoid tissue orchestration and lymphoid neogenesis in the spleen,
lymph nodes, and Peyer’s patches [1,4].

CXCL13 is one of the ligands of CXCR5 [6]. The CXCL13/CXCRS5 axis activates downstream
signaling, including PI3K/Akt, MEK/ERK, and Rac pathways, which modulates immune cells to
promote lymphocyte infiltration, activation, and differentiation to enhance the antitumor immune
response [6]. Furthermore, CXCR5 is also expressed in cancer cells, which makes pivotal
contributions to the development and progression [1,7-11]. Therefore, monoclonal antibodies
(mADbs), which specifically bind to CXCR5 would be useful for cancer therapy and elucidation of the
disease progression.

In this study, we report a novel anti-mCXCR5 mAb, which was successfully developed by the
N-terminal peptide immunization.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0497.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2024 d0i:10.20944/preprints202410.0497.v1

1.1. Plasmids, Peptides, and Cell lines

The synthesized DNA (Eurofins Genomics KK) encoding mCXCR5 (Accession No.:
NM_007551.3) was subsequently subcloned into a pCAGzeo vector (FUJIFILM Wako Pure Chemical
Corporation, Osaka, Japan). The mCXCR5 plasmid was transfected into LN229 and CHO-K1 cells,
using a Neon transfection system (Thermo Fisher Scientific Inc., Waltham, MA). Stable transfectants
were established by staining with anti-mCXCR5 mAb (clone L138D7; BioLegend, San Diego, CA) and
sorted using a cell sorter (SH800; Sony Corp., Tokyo, Japan).

Eurofins Genomics KK (Tokyo, Japan) synthesized a partial sequence of the N-terminal
extracellular region of mCXCR5 (--MNYPLTLDMGSITYNMDDL-19) plus C-terminal cysteine.
Subsequently, the keyhole limpet hemocyanin (KLH) was conjugated at the C-terminus of the
peptide.

1.2. Development of mCXCR5-Producing Hybridomas

The Animal Care and Use Committee of Tohoku University (Permit number: 2022MdA-001)
approved animal experiments. We immunized one rat intraperitoneally with 100 ug of the KLH-
conjugated mCXCR5 peptide (mCXCR5-KLH) with Alhydrogel adjuvant 2% (InvivoGen). The
hybridoma supernatants were subsequently screened using enzyme-linked immunosorbent assay
(ELISA) with the mCXCRS5 peptide, followed by flow cytometry using CHO/mCXCR5 and CHO-K1.

1.3. ELISA

The mCXCR5 peptide was immobilized on Nunc Maxisorp 96 well immunoplates (Thermo
Fisher Scientific Inc.). After blocking, plates were then incubated with supernatants of hybridomas,
followed by peroxidase-conjugated anti-rat immunoglobulins (Sigma-Aldrich Corp., St. Louis, MO).
Next, enzymatic reactions were conducted, using ELISA POD Substrate TMB Kit (Nacalai Tesque,
Inc.).

1.4. Flow Cytometric Analysis

Cells were treated with 10, 1, 0.1, or 0.01 pg/mL of CxsMab-3 or L138D7 for 30 min at 4°C. For
peptide inhibition assay, CxsMab-3 (0.1 pg/mL) or L138D7 (0.1 pug/mL) were pre-incubated with 1
pg/mL of mCXCR5 peptide or dimethyl sulfoxide (DMSO) for 30 min at 4°C, and further incubated
with CHO/mCXCRS for 30 min at 4°C. The cells were treated with Alexa Fluor 488-conjugated anti-
rat IgG (1:2000; Cell Signaling Technology, Inc., Danvers, MA). The fluorescence data were collected
using the SA3800 Cell Analyzer (Sony Corp.). The Ko was calculated using one-site binding models
in GraphPad PRISM 6 (GraphPad Software, Inc., La Jolla, CA).

2. Results
2.1. Development of Anti-mCXCR5 mAbs Using N-Terminal Peptide Immunization

To develop anti-mCXCR5 mAbs, one rat was immunized with the KLH-conjugated mCXCR5
peptide (Figure 1A). Spleen was then excised from the rat, after which splenocytes were fused with
myeloma P3U1 cells (Figure 1B). Developed hybridomas were subsequently seeded into fourteen 96-
well plates and cultivated for six days. Then, positive wells for the naked mCXCR5 peptide were
selected using ELISA, followed by the selection of mCXCR5-expressing cell-reactive and CHO-K1-
non-reactive supernatants using flow cytometry (Figure 1C). The ELISA screening identified 74 out
of 1342 wells (5.5%), which strongly reacted with the naked mCXCR5 peptide. The flow cytometric
screening identified 18 out of the 74 wells (24.3%), which exhibited strong signals to CHO/mCXCR5
cells but not to CHO-K1 cells. After the limiting dilution and several additional screenings, anti-
mCXCR5 mAb, CxsMab-3 (rat IgGzs, kappa) was finally established (Figure 1D).
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Figure 1. The development of anti-mCXCR5 mAbs. (A) CHO/mCXCR5 cells were immunized into
a Sprague-Dawley rat. (B) The spleen cells were fused with P3U1 cells. (C) To select anti-mCXCR5
mAb-producing hybridomas, the supernatants were screened by ELISA as 1¢t screening and by flow
cytometry using CHO-K1 and CHO/mCXCRS5 cells as 2n screening. (D) After limiting dilution, an
anti-mCXCR5 mAb, CxsMab-3 was finally established.

2.2. Flow Cytometric Analysis Using CxsMab-3

To check the reactivity of CxsMab-3 and L138D7, we conducted flow cytometry against
CHO/mCXCR5 and CHO-K1. CxsMab-3 recognized CHO/mCXCRS5 cells dose-dependently at 10, 1,
0.1, and 0.01 pg/mL (Figure 2A). Parental CHO-K1 cells were not recognized even at 10 pug/mL of all
mAbs (Figure 2B). The reactivity of CxsMab-3 was also observed in LN229/mCXCRS5 cells (Figure 3).
The sensitivity against CHO/mCXCR5 or LN229/mCXCRS5 cells was similar between CxsMab-3 and
L138D7 (Figs. 2 and 3).

We next performed a peptide-blocking assay. As shown in Figure 4, CxsMab-3 and L138D7
reacted with CHO/mCXCRS5 cells. The reaction of CxsMab-3 was completely neutralized by mCXCR5
peptide, indicating that the reaction by CxsMab-3 was mediated by the recognition of N-terminus of
mCXCRS5. Because the reaction of L138D7 was not neutralized, the epitope of L138D7 is different
from that of CxsMab-3.
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Figure 2. Flow cytometry of mCXCR5-expressed CHO-K1 cells using CxsMab-3 and L138D7.
CHO/mCXCR5 (A) and CHO-K1 (B) cells were treated with 0.01-10 ug/mL of CxsMab-3 or L138D?7.
Then, cells were treated with anti-rat IgG conjugated with Alexa Fluor 488 (black line). The filled gray
represents the negative control (blocking buffer).
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Figure 3. Flow cytometry of mCXCR5-expressed LN229 cells using CxsMab-3 and L138D7.
LN229/mCXCR5 (A) and LN229 (B) cells were treated with 0.01-10 pg/mL of CxsMab-3 or L138D7.
The cells were treated with anti-rat IgG conjugated with Alexa Fluor 488 (black line). The filled gray
represents the negative control (blocking buffer).
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Figure 4. A peptide-blocking assay using CxsMab-3 with mCXCR5 peptide. CxsMab-3 (0.1 pg/mL)
plus control (1% DMSO in blocking buffer), CxsMab-3 plus mCCR5 peptide (1 ug/ml), L138D7 (0.1
ug/mL) plus control (1% DMSO in blocking buffer), or L138D7 plus mCCRS5 peptide (1 pg/ml) were
reacted with CHO/mCXCR5 for 30 min at 4°C, followed by treatment with Alexa Fluor 488-
conjugated anti-rat IgG. The filled gray represents the negative control (blocking buffer). DMSO,
dimethyl sulfoxide.

2.3. Determination of Dissociation Constant of Anti-mCXCR5 mAbs against CHO/mCXCRS5 Cells

We determined the apparent dissociation constant (Kpo) of CxsMab-3 and L138D7 against
mCXCRS5 by flow cytometry. The geometric mean of the fluorescence intensity of CHO/mCXCRS at
each concentration of CxsMab-3 and L138D7 was plotted. By fitting one-site binding models, the Ko
values of CxsMab-3 and L138D7 for CHO/mCXCR5 were determined as 7.2 x 10-1° M and 7.0 x 10 M
(Figure 5), indicating that CxsMab-3 possess higher affinity than L138D7 for CHO/mCXCRS5 cells.
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Figure 5. The binding affinity of CxsMab-3. CHO/mCXCRS5 cells were suspended in serially diluted
CxsMab-3 (A) or L138D7 (B). The cells were treated with anti-rat IgG conjugated with Alexa Fluor
488. The fluorescence data were subsequently collected using the SA3800 Cell Analyzer, followed by
the calculation of the Kb using GraphPad PRISM 6.
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4. Discussion

In this study, we developed a novel anti-mCXCR5 mAb (clone CxsMab-3) using N-terminal
peptide immunization and investigated for flow cytometry to detect mCXCR5. We checked the
reactivity of CxsMab-3 in western blotting; however, mCXCRS5 protein was not detected by CxsMab-
3 (data not shown), although CxsMab-3 detects the N-terminal peptide of mCXCR5 in ELISA (Figure
1). A commercially available anti-mCXCR5 mAb (clone L138D7) was developed by immunizing rats
with mCXCR5-transfected cells and is valid only for flow cytometry [12]. Because the reaction of
L138D7 was not neutralized by N-terminal peptide (Figure 4), the epitope of L138D7 might be the
conformational one, which is located in the other extracellular domains. In the future study, we will
determine the binding epitope of L138D?7.

It has been reported that the development of therapeutic agents targeting the CXCL13/CXCR5

axis can be effective in treating cancers and inflammatory diseases [13]. CXCR5" CD4" Tth cells
mainly contribute to the functions to stimulate B cell proliferation, antibody/B cell receptor class-

switch, and antibody production in infection, cancer, and autoimmunity [14]. Moreover, CXCR5*
CD8" T cells possess not only abovementioned function but also maintain a cytolytic capacity in
infection, autoimmunity, and tumor microenvironments resembling CD8 T+ effector cells [15,16]. In
inflammatory diseases and autoimmunity, CXCR5" CD8* T cells are implicated in disease

progression [17]. In contrast, CXCR5 expression on CD8* T cells generally is indicative of progenitor
memory stem-like exhausted cells, which are more responsive to immune checkpoint blockade

therapy in tumors [18]. Furthermore, CD8* lymphocyte populations with high PD-1 expression in
tumors secrete high levels of CXCL13 [19]. Secretion of CXCL13 by the tumor-infiltrating
lymphocytes with high PD-1 serves to attract other immune cell subsets to the tumor
microenvironment, including Tth cells and B cells [19]. Therefore, CXCL13 will predict response to
anti-PD-1 therapy that correlates with increased overall survival and durable responses [19], and
represent novel biomarkers for response to targeted PD1/PD-L1 therapy [20].

An inverse correlation between the expression of CXCR5 and p53 tumor suppressor was also
reported in human breast cancer cell lines [21]. CXCRS5 is increased by silencing p53 in MCF7 cells,
which potentiates CXCL13-mediated chemotaxis [21]. A CXCR5 promoter analysis revealed that p53
suppresses the transcriptional activity of NF-«xB, which is essential for the upregulation of CXCR5
[21]. The related tumor suppressors p63 and p73 also exhibit similar mechanisms for CXCR5 gene
regulation [22]. Since CXCL13 is one of the overexpressed chemokines in breast cancer tissues
compared with normal breast tissues, mAb therapies against CXCR5 could be an essential strategy
to treat the tumor [22]. Therefore, CxsMab-3 may help obtain the proof of concept in preclinical
studies.

In our previous studies, we changed the isotype of mAbs into mouse IgGza to retain the antibody-
dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC), which led
to high antitumor activities in mouse xenograft models [23-25]. Since the subclass of CxsMab-3 was
rat IgGa, it might possess ADCC and CDC activities. In further studies, we will evaluate whether the
depletion of CXCR5-expressing immunosuppressive cells can enhance antitumor activities in mouse
syngeneic and xenograft models of human cancers.
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