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Obtaining and investigating immunochemical properties of monoclonal
antibodies against rCTLA-4 protein

Abstract. Monoclonal antibodies are used to block control points of the tumor development of
many oncological pathologies. One of the critical control points of tumor development of several
oncological pathologies is the receptor for cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).
Monoclonal antibodies against the CTLA-4 receptor are laboratory-derived humanized antibodies.
An essential step in the humanization of antibodies is the production of murine hybrid cells
producing monoclonal antibodies. This article describes studies of mice monoclonal antibodies
against a recombinant human CTLA-4 receptor (rCTLA-4) expressed in Escherichia coli. To obtain
strains of hybrid cells producing monoclonal antibodies were used methods of hybridoma
technology. As a result, hybrid cells producing monoclonal antibodies to CTLA-4 were obtained.
Strains of hybrid cells have high productive activity in vitro and in vivo. Monoclonal antibodies
react with rCTLA-4 protein, belong to the class of IgG1, and have a high binding constant. They
efficiently bind to the rCTLA-4 receptor and block the interaction of rCTLA-4 with the commercial
recombinant human B7-1 Fc and rhesus monkey PD-1 hFc proteins. These monoclonal antibodies
to rCTLA-4 can be used to obtain recombinant humanized monoclonal antibodies to the human
CTLA-4 receptor.
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Introduction

Currently, monoclonal antibodies (mAbs) against the cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) are of great importance for immunotherapy aimed at blocking immunological control points
of tumor development. Programmed cell death receptor 1 (PD-1), ligands for PD-1 and 2 (PD-L1, PD-
L2), and antigen 4 associated with cytotoxic T lymphocytes (CTLA-4) are of great interest. Interest in
CTLA-4 is attributed to the receptor being a homolog of the CD28 receptor and having a higher affinity
for the B7 receptor. The interaction of CD28 and B7 receptors leads to increased T cell proliferation and
cytokine production. CTLA-4 is essentially a competitor to the CD28 receptor, thereby interfering with
the generation of the CD28:B7 signal that stimulates immunity. In addition, the binding of CTLA-4 and
B7 can produce inhibitory signals that counteract the stimulatory signals from the binding of CD28:B7
and TCR: MHC [1]. PD-L1 is the central mediator of the evasion of cancer cells from immunity and is
the only biomarker that allows the prediction of the effectiveness of the blockade of immunological
checkpoints [2]. In addition, PD-L1, like CTLA-4, can bind to the B7.1 (CD80) receptor on dendritic cells
and prevent the development of antitumor immunity [3].

In this regard, mAbs against PD1 are effective tools in treating melanoma [4,5,6,7]. Since 2011,
mAbs against CILA-4 (Ipilyumab) has taken a stable position in the pharmaceutical market of the
world. The mechanism of action of Ipilimumab is based on the inhibition of CTLA-4 and an increase in
the period of antitumor immunity. In 2014, two more drugs based on mAbs Pembrolizumab,
Nivolumab, and Ipilimumab became commercially available. Studies have shown that the use of mAbs
in 20% of patients with skin melanoma increased their immune response against malignancies by
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several years. The use of Nivolumab or Pembrolizumab in combination with Ipilumumab was
significantly more effective in the treatment of melanoma [8,9,10,11]. In the first phase of clinical trials,
the effect of pembrolizumab on patients with melanoma and lung cancer was studied. Pembrolizumab
showed no dose-dependent toxic effects and showed stimulatory antitumor activity against melanoma
and lung cancer [12,13].

The use of mAbs for cancer immunotherapy control points is an essential study for the Republic
of Kazakhstan in connection with an increase in malignant melanoma among the population. Here we
report a study of murine mAbs against a recombinant CTLA-4 receptor expressed in Escherichia coli.

Material and methods

Animals, cells, and antigens

A total of 20 BALB/c mice (6-8-week old) and 150 outbreed mice and X-63 myeloma cell lines were
used. Anti-Mouse IgG1 and IgG2a Subclass Specific Antibodies (Jackson Immuno Research Inc), anti-
Mouse IgG (whole molecule)-Peroxidase antibody produced in goat (Sigma-Aldrich, A4416) and
3,3',5,5"-Tetramethylbenzidine (TMB) Liquid Substrate System for enzyme-linked immunosorbent assay
(ELISA) (Sigma-Aldrich, T0440) and recombinant human B7-1Fc protein were used in this study.

Production of mAbs

On the first day, BALB/c mice were injected intraperitoneally with 400 mg of rCTLA-4 antigen
with 0.1 mL of incomplete Freund's adjuvant (Gibco, USA) in phosphate-buffered saline (PBS), pH 7.2-
7.4. The following immunization was performed on days 7, 11, 12, 13, and 14 with 100 pg of antigens.
The titer was evaluated using an enzyme-linked immunosorbent assay (ELISA) in a series of two
dilutions of the serum of each animal, starting at 1:200. Cell hybridization was carried out according to
the method of Oi and Herzenberg [14]. Cloning of hybrid cultured cells was performed by the limiting
dilution method described by Coding [15].

To obtain a preparative amount of antibodies, hybrid cells were cultured in flasks with a volume
of 150 cm? for 8 days at 37°C. After cultivation, the culture medium was collected and separated from
the hybrid cells by centrifugation at 150 g for 10 minutes. MAbs were purified from ascites fluid by
salting out with ammonium sulfate to 50% saturation. The formed precipitate was centrifuged at 3000 g
for 30 min at 4°C. The antibody pellet was resuspended in a minimal volume of PBS (pH7.2) and
dialyzed against PBS during the day. Antibodies from the resulting solution were purified using HiTrap
Protein A HP (GE Healthcare Life Sciences).

The binding affinity of mAbs

The method of Beattyet al. (1987) determined the binding affinity of mAbs. The recombinant
protein was immobilized in three rows of a 96-well plate with the optimal concentration (10pug/mL) and
three rows of wells with a protein concentration two times lower than the optimal concentration (5
pg/mL) in 0.05 M bicarbonate buffer, pH of 9.6 and incubated at 4°C for 12 h. After washing the plate
and blocking with 1% bovine serum albumin (BSA), double dilutions of mAbs were introduced into the
wells, starting from 10ug/mL, and incubated at 37°C for 1 h. After washing the plate, an antispecific
conjugate was added at a dilution of 1:1000 and incubated at 37°C for 1 h. To develop the reaction, a
TMB substrate was used, followed by the addition of a stop reagent. The optical density was measured
at a wavelength of 450 nm. Based on the obtained data, graphs were constructed and the binding
constant was determined.

The value of Kaff was calculated using equation (1).

Kaff = s 1)
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Where

Ab’ - concentration of antibodies at 50% optical density of the reaction with rPD-1 in
concentration 10 ug/mL;

AD - concentration of antibodies at 50% optical density of the reaction with rPD-1 in concentration
5 ug/L.

ELISA

Solutions of rCTLA-4 (5ug/mL) in bicarbonate buffer (pH 9.6) were immobilized at 4 °C for 16 h.
The plate was washed with 0.15 M PBS with Tween 20 (PBS-Tw20) (pH 7.4). After washing the plate, 1%
BSA was added and incubated for 1 h at 37°C. Then, serial dilutions of mAbs beginning with 1:100 were
introduced into wells. The plates were incubated as above and Anti-Mouse IgG (whole molecule)-
Peroxidase antibodies produced in goat (Sigma-Aldrich) diluted 1:40000 were added to the wells. The
incubation was performed as previously. To develop the reaction, a substrate of 3.3'5.5-
tetramethylbenzidine (TMB) was added and incubated at RT. The reaction was then stopped by the
addition of 2M sulfuric acid. The intensity of the reaction product was measured at 450 nm.

Western blot

The recombinant protein was analyzed on a 12% SDS-PAGE by Laemmli [16]. Immunochemical
properties of the rCTLA-4 were analyzed in Western blot by Towbin [17] method. The rCTLA-4 was
transferred to a nitrocellulose membrane which was incubated in a 1% BSA at 4°C, 16 h. Then the
membrane was incubated with 1:1000 mAbs for 1.5 h at RT. After a washing step with PBS-Tw20 the
membrane was incubated with anti species peroxidase-conjugate for 1 h at 37°C. After the washing
procedure protein detection was visualized by the adding4-chloro-naphthol substrate.

Results

Obtaining hybridoma cells producing mAb to the rCTLA-4 protein

In the enzyme immunoassay, the titer of antibodies against rCTLA-4 in the serum of immunized
mice was 1:25600. B-lymphocytes of immunized mice were used to obtain strains of hybrid cells
producing mAbs. As a result of hybridization, out of 384 seeded wells, 100 showed the growth of clones
of hybrid cells, which is 26% of clone formation. Antibody-producing hybrid cells, we cloned three
times. After the third cloning, from 96 obtained clones, 81 subclones produced antibodies to rCTLA-4,
which is 85% of positive clones. After cloning, the hybridoma cells did not change their productive and
cultural properties for 16 passages in vitro condition (observation time). The productivity of hybrid
strains was determined using ELISA for 8 days. Hybrid cells were seeded in 8 wells of a 24-well plate in
an amount of 2x10 cells per well. From day 1 to day 8, the culture medium was selected from one well
per day to determine the antibody-producing activity of hybridomas by ELISA. To determine the
hybridoma productivity, a comparison of the reaction intensity in the tested row of wells with positive
control, in which the concentration of murine antibodies is known, was used. The results of the analysis
of the productivity of hybrid cells are shown in Fig. 1.
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Figure 1. Productivity curve of hybrid cell strains producing mAbs to rCTLA-4 protein in vitro

Figure 1 shows that the concentration of antibodies in the culture fluid on the 8th day of
cultivation reaches 17 - 30 pg/mL. To obtain a preparative amount of mAbs, hybridoma cells were
cultivated in RPMI1640 medium within 6 days. The antibody concentration obtained was 4 mg/ml,
from the total volume of cultural fluid was 150 ml.

Immunochemical properties of monoclonal anti-PD-1 antibodies

Indirect ELISA was used to determine the constant affinity (Kaff) of the mAbs. Serial dilution of
mAbs was loaded onto rows on a microtiter plate with rCTLA-4 at two concentrations- 5 and 10 pg/mL.
The dilution results from mAbs of four hybridoma cell culture pools in two concentrations of rCTLA-4
coating are shown in Fig. 2.
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Figure 2. Experimental ELISA curve for anti-rCTLA-4 mAbs at two concentrations of protein

The calculated antibody concentrations (ng/mL) at OD-50 were H8 - 150 and 30; A5 - 75 and 15.
According to formula (1), the affinity constant of monoclonal antibodies was calculated. This formula
determines the level of interaction of the mAbs with the antigen and is based only on the total
concentration of antibodies at 50% optical density of the reaction for 96 well plates immobilized with
two concentrations of antigen, 5 and 10 ug/mL. The results of determining the binding constant are
shown in table 1. To determine the subclass of mAbs in the ELISA used anti-mouse IgG1 and IgG2a
subclass-specific antibodies (Jackson Immuno Research Inc).
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Table 1
Main characteristics of monoclonal antibodies to rCTLA-4
Productivity of
Subclass of rocue IVIty.O Antibody Constant
Mab name o1 hybridomas in . .
antibodies . sensitivity, ng/mL affinity
vitro, pg/mL

HS8 IgG1 30 30 3x108M1
A5 IgG1 28 15 5x108M1

As can be seen from Table 1 the constant affinity of mAbs ranged from 3x105M-1 to 5x108M",
which indicates the sufficient power binding of mAbs to this protein. The results of assessing the
subclass of mAbs show that the mAbs to the rCTLA-4 protein synthesized by hybridoma belongs to the
class G1 antibody.

Specificity and inhibited ability of monoclonal anti-rCTLA-4 antibodies

The main biological characteristics of mAbs are specificity, sensitivity, and affinity. The specificity
demonstrates the ability of mAbs to react only with the certain protein to obtain antibody selectively.
mAbs specificity was determined by Western blotting with heterogeneous proteins. The Western blot
analysis showed a specific reaction of mAbs only with rCTLA-4 protein, the molecular weight of which
is 20 kDa (Fig.3).

A MM 1 2 3 B MM 1 2 3

25kDa

15 kDa

Figure 3. Electrophoresis (A) and Western blot (B) determine the specificity of mAbs to rCTLA-
4 protein. Line 1 - rN protein SARS-Cov2; Line 2 — rCTLA protein; Line 3 - rPD-L1 rptein

The ability of mAbs to inhibit the reaction of rCTLA-4 with recombinant human B7-1Fc protein
was researched by competitive ELISA assay. The solution of mAbs and rB7-1Fc protein was added to
wells immobilized with rCTLA-4 a concentration of 10000 to 0,7 ng/ml. The solution of mAbs and rB7-
1Fc was prepared in a ratio of 1:1. ELISA showed a decrease in the optical density of the reaction
mAb+rB7-1Fc compared to rB7-1Fc (Fig.4).
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Figure 4. Experimental curves of competitive ELISA for rB7-1Fc protein and solution
mAbs+rB7-1Fc protein

Discussion

mAbs against PD-1, PD-L1, and CTLA-4 have been successfully used as a treatment for various
tumors and occupy a stable position in the pharmaceutical market of the world. The most widely used
are three humanized mAbs: ipilimumab, pembrolizumab, and nivolumab [18]. mAbs can be used for
the treatment of different types of malignant tumors. Japanese scientists have seen a positive effect in
the treatment of diseases such as NSCLC, renal cell carcinoma, and melanoma in 18, 27, and 28% of
patients, respectively. In these patients, also was observed the formation of long-term antitumor
immunity. mAbs restrained the proliferation of some malignant tumors for 20-30 months [19].

In this work, five hybridoma cells producing mAbs to rCTLA-4 receptor were obtained. To get the
strains of hybrid cells, we used the rCTLA-4 receptor obtained from E. coli. Analysis of the resulting
murine mAbs showed a specific reaction with the extracellular fragment of the CTLA-4 receptor. mAbs
had a sufficient affinity ranging from 3x108M! to 5x108M}, specificity, and sensitivity to rtCTLA-4. In our
study, the resulting mAbs provide their unique specificity for CTLA-4 due to the interaction, which is
likely to help in the development of therapeutic antibodies.

Wang et al. (2019), conducted studies on the effect of PD-1 receptor glycosylation on binding to
mADbs. For these purposes, the authors obtained murine mAbs for recombinant human PD-1 (amino
acid residues 21-167) obtained from Escherichia coli [20]. Mouse mAbs specifically bind to human PD-1
protein and inhibit the interaction of PD-1 and ligands. The mAbs obtained by the author had a binding
constant of 3,5x10’M1. Then, the authors received humanized antibodies following the humanization of
frame sequences of antibodies without changing affinity and specificity. Structural analysis showed that
the specificity of mAbs is associated both with interaction with loops and with the glycan, parts of PD-1.
The results showed that the N-glycosylation of PD-1 does not affect the binding strength of antibodies
[20].

Conclusion

As a result of the work were investigated mAbs to a fragment of the extracellular domain of
CTLA-4. The hybridoma cells have high productivity in vitro and in vivo. mAbs react with rCTLA-4
protein, belong to the class of IgGl, and have a high binding constant. Obtained mAbs efficiently
blocked the reaction of rCTLA-4 with recombinant human B7-1Fc. Characterization of mAbs rCTLA-4
allows you to use them to obtain recombinant humanized mAbs to human CTLA-4 receptors.
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rCTLA-4 akybI3Ha MOHOKA0OHaAAbl aHTHAeHeAePAiH MMMYHOXMMMSIABIK KacueTTepiH
3epTTey JKoHe ady

Anpaarmia. MOHOKAOHaAABl aHTHAEHeAep KOIlTeTeH OHKOJAOIVABIK —IaToAoImsAlapda icik
AaMyBIHBIH ~Oakblaay HyKTedepiH ©040Kkray VIIH KoaJ4aHblAagbl. bipkaTap  OHKOAOTMSABIK
raroJorusidap KesiHge iCiK JaMyBIHBIH MaHBI3ABl Oakblday HYKTeAepiHiH Oipi HIMTOTOKCMKaABIK T-
anmonutrepmen OaiiaanpickaH akybis 4 (CTLA-4) penentopaapsl Goabmn Tadblaaasl. CTLA-4
pelleITOpbIHa Kapchl MOHOKAOHAaAABl —aHTUAEHeJep 3epTXaHaAblK IIIBIKKAH  i3riaeHAipiareH
aHTHAeHedep Oo0AbIT TaOblAaAbl. AHTHAeHeAepAi TyMaHM3alUsAayAblH MaHBI3ABL KajaMbl 04
MOHOK/AOHAAbABl aHTUAEHeAepAl IIBIFapaThIH THIIIKAH TUOPUATI >KacylladapblH ©HAIpYy OOABIIT
Tabblaaabl. bya Makaaaga Escherichia coli skcmpeccusaanraH ajaMHbIH pexoMOuHaHTTHI CTLA-4
penentopeiHa (rCTLA-4) kapcel TiHTYipAiH MOHOKAOHaAABl — aHTMAEHeAepiHiH  3eprreyaepi
curarraaraH. MOHOK/AOHaAABl aHTUAeHeAepAi IIbIFapaThiH TMOPUATI Kacyllla ITaMMAapbIH aay YIIiH
TMOPUAOMABIK ~ TeXHoAOIms oddicrepi KoadaHbiaawl. Hoertmkecinge CTLA-4-re MOHOKAOHaAABI
aHTHAeHeAepAl OHAIpeTiH IMOPUATI JKacyladap aablHABL [MOpUATI Kacyliia IrraMMAapsl in vitro >KoHe
in vivo >KOFapbl ©HiMAi OeaceHaisikke me. MoHokaoHaaasl aHTuAeHeaep rCTLA-4 akybI3bIMeH
opeketTeceai, IgGl KaaceiHa >KaTaAbl >KoHe >KOraphl OailaaHbICy KoHcTaHTachiHa me. Oaap rCTLA-4
pellennTopeiMeH TuiMai Oaitaanbicagbl koHe rCTLA-4-TiH KoMMepHUAABIK peKkomMOmHaHTTH Fc B7-1
azaM akybpi3japel MeH pesyc Makaka PD-1 hFc opekerrecyin 6aoxraiael. bya antu-rCTLA-4
MOHOKAOHaaAb! aHTugeHeaep agaMublH CTLA-4 perjenitoppiHa peKOMOMHAHTTBI TyMaHM3alMsAaHFaH
MOHOK/A0OHaAABI aHTHAeHeAepAi XKacay YIIiH IaligaaaHblAybl MYMKiH.

Tyitin cesaep: monokaoHaaabl anTuAeneaep, CTLA-4 perienTopbl, OHKOAOINS, PeKOMOMHAHTTHI

aKybl3.
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INoaydeHnne u ccaejgoBaHye MIMMYHOXVIMIYIECKIIX CBOVICTB MOHOKAOHAAbHBIX aHTUTeA K
0eaxy rCTLA-4

Annoramsi. MOHOKAOHaAbHbBIE aHTUTEAA UCIIOAB3YIOTCA A48 OAOKMPOBKM KOHTPOABHBIX TOUEK
OIIyX04€BOIO Pa3BUTHUs MHOIMX OHKOAOIMYeCKMX mnaToaoruit. OAHONM 13 KPUTHMYECKUX KOHTPOALHBIX
TOYeK  OIIyXOAeBOTO  PpasBUTMUS  psja  OHKOAOIMYECKMX  IIaTOAOTMI  SABAAETCs  pelenTop
uuToToKcnueckoro T-amMdonmrapHo-accorunposanHoro Oeaka 4 (CTLA-4). MoHokaoHaAbHBIE
antutreaa mnporus penenrtopa CTLA-4 mnpejcraBasioT coOoif  I'yMaHM3MpPOBaHHBIE —aHTUTeAa
2abOpaTOPHOTO IPOUCXOXKAeHMs. Ba’kHpIM 9TalloM TIymMaHU3allMM aHTUTeA sBASETCA IoAydeHue
MBIIIVHBIX TMOPUAHBIX KAETOK, TPOAYLIMPYIOIIX MOHOKAOHaAbHbIE aHTUTeAa. B 9T0I1 craThe omnycaHb
1CCA€40BaHNs MBIIIMHBIX MOHOK/AOHA/ABHBIX aHTUTeA IMPOTUB pekoMOuHanTHOro penenntopa CTLA-4
yeaoseka (rCTLA-4), skcrpeccuposaHHoro B Escherichia coli. Aasi moaydeHMs IITaMMOB IMOPUAHBIX
KAETOK, IPOAYLMPYIOLIIMX MOHOKAOHAAbHbIe aHTUTeAa, ObLAM MCIIOAb30BaHbI METOABI TMOPUAOMHON
TexHoAorun. B pesyaprate ObLAM mOAydeHbI IMOpUAHbBIE KAETKY, MPOAYIIMPYIOIIie MOHOKAOHAAbHbIe
antuteaa K CTLA-4. IlltaMMbl TMOPUAHBIX KA€TOK 0041a4aI0T BLICOKON TPOAYKTMBHONM aKTUBHOCTBIO i1
vitro u in vivo. MOHOKAOHaAbHBIe aHTUTeAa pearnpyioT ¢ beakom rCTLA-4, otHocATcs K Kaaccy IgGl n
MMeIOT BBICOKYIO KOHCTaHTY cBsA3biBaHUs. OHM 9PPeKTuBHO cBA3bIBalOTC ¢ perieritopoM rCTLA-4 n
6aokupyior Bzanmmogeiictsue rCTLA-4 ¢ xoMmMmepueckuMmu pekoMOMHaHTHBIMU Oeakamu Fc B7-1
yeaoseka 1 PD-1 hFc makaka pesyc. Ot MoHOKAOHaAbHbIe aHTUTeAa K TCTLA-4 MOXHO MCII0Ab30BaTh
AAsl TIOAy4eHUs] peKOMOMHAHTHBIX TYMaHU3MPOBAaHHBIX MOHOKAOHAABHBIX aHTUTEA K 4el10Be4eCKOMY
peneritopy CTLA-4.

KaroueBble ca0Ba: MOHOKAOHaAbHbBle  aHTuUTeda, penentop CILA-4, oHkoaorus,
PeKOMOMHAHTHBI OeA0K.
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