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Abstract

Background: Placenta-specific 1 (PLACI) is one of the recently-discovered Cancer-
Testis-Placenta (CTP) antigen with restricted normal tissue and ectopic expression in a
wide range of cancer cells from different histological origins. The production of recom-
binant human PLAC1 has already been optimized; however, no study has been re-
ported so far on the production and purification of mouse placl. In this study, mouse
plact expression and purification was optimized in a prokaryotic system and the ef-
fects of the generated proteins on inducing humoral responses in mice were investi-
gated.

Methods: A fusion protein containing full extracellular domain of mouse plact, im-
munostimulatory peptides, tetanus toxin P2P30 and PADRE and KDELS3 signal (main
plact), and the same fragment without immunostimulatory peptides (control plact)
was produced. To optimize production and purification steps, different parameters in-
cluding bacterial strain, cultivation temperature, cultivation time, IPTG concentra-
tion, culture medium, and also different buffers for purification of the recombinant
proteins were tested. After confirming the identity of recombinant placi proteins with
Western Blotting (WB) and ELISA assays, these proteins were subcutaneously injected
in mice with Freund's adjuvant and the anti-plact antibody response was detected by
ELISA.

Results: The optimal expression level of main and control plact was obtained in BL21
(DE3) and TB culture medium in the presence of 0.25 mM IPTG after 24 Ar of induc-
tion at 15 °C. The buffer containing 2% sarkosyl produced higher yield and purity. Our
results showed specific reactivity of anti-human recombinant plact polyclonal anti-
body with both main and control plact recombinant proteins in WB and ELISA analy-
sis. Both proteins induced humoral responses in mice; however, anti-plact antibody ti-
ter was significantly higher in sera of mice immunized with main compared to control
plact.

Conclusion: In this study, an optimized protocol for production and purification of
mouse plact was reported and it was shown that insertion of immunostimulatory pep-
tides in gene construct could efficiently enhance humoral immune responses against
mouse plact, which could potentially augment cellular immune responses against
plact leading to more effective anti-cancer responses.
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Introduction

As an X-linked gene, placenta-specific 1 (PLAC1)
encodes a membrane-associated protein which is main-
ly involved in placental development 1. The human
PLAC1 and mouse placl gene maps 65 kb telomere to

Copyright © 2022, Avicenna Journal of Medlical Biotechnology. All rights reserved.

the HPRT gene at Xg26 2. Human PLAC1 consists of a
large extracellular domain spanning amino acids 23 to
212 and a short transmembrane helix (amino acids 5 to
22), whereas mouse placl encodes a putative protein of
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173 amino acids. A part of extracellular domain of
PLACL consisting of amino acids 29 to 119 is homolo-
gous to the N-terminal sub-domain of the Zona Pellu-
cida glycoprotein-3(ZP3) 3. At DNA and protein levels,
mouse and human molecules show 75% and 60% iden-
tity, respectively 2.

PLACL1 has a restricted pattern of expression in
normal cells confining primarily to the cells of the
trophoblast lineage and testis 12, while it is ectopically
expressed in a wide range of cancer cells including
breast 3, endometrium 4, Non-Small Cell Lung Cancer
(NSCLC) °, hepatocellular carcinoma 8, colon 7, and
gastric adenocarcinoma 8 and is involved in cancer pro-
gression. Recently, differential expression of human
PLACL1 in prostate cancer was reported and a strong
positive association between PLACL expression and
Gleason score was shown °. Subsequently, it was
demonstrated that anti-PLAC1-SN38 conjugate exerted
powerful and specific anti-cancer effects on human pri-
mary prostate cancer cells and prostate cell lines indi-
cating potential usefulness of targeting PLAC1 for
immunotherapy of patients with prostate cancer . In
another study, melanoma cells expressed PLAC1 and
time-and dose-dependent cytotoxic effects of drug-con-
jugated anti-PLAC1 antibody were observed in mela-
noma cancer cells 1%, Based on its restricted expression
in testis and placenta and also in a wide variety of can-
cers, PLAC1 was categorized as a Cancer-Testis-Pla-
centa (CTP) antigen, a feature that PLAC1 shares with
many other cancer testis antigens.

PLAC1 represents most features of an ideal target
for cancer immunotherapy including limited expression
in normal cells, availability to the antibodies based on
its surface expression, high expression in cancer cells
with different histologic origins, and its role in vital
parameters of cancer cells including growth, prolifera-
tion, invasion, and survival *.

Human PLAC1 expression was already optimized in
prokaryotic systems producing PLAC1 with high puri-
ty and yield 2. Although human and mouse PLAC1
share common epitopes and may induce cross-reactive
humoral immune responses, in vitro studies in murine
cancer models need host-specific proteins. In this
study, mouse placl expression and purification was op-
timized in a prokaryotic system. To this end, two re-
combinant placl proteins were produced and character-
ized including main placl as a fusion protein contain-
ing full extracellular domain of mouse placl+tetanus
toxin P2 and P30+PADRE+KDEL3 and a control placl,
the same fragment without P2P30 and PADRE pep-

tides. P2 (QYIKANSKFIGITEL) and P30 (FNNFTVSF-
WLRVPKVSASHLE) peptides are immunogenic pep-
tides in the first domain of tetanus toxin structure and
PADRE (AKFVAAWTLKAAA) is a synthetic peptide
that acts as a potent stimulator of helper T cells 314,
KDEL3 signal has amino acid sequence KKDELRD-
ELKDEL that enhances MHC class | and Il presenta-
tion of antigen, leading to increases in the specific hu-
moral and cellular responses °. After confirming the
identity of main and control placl recombinant pro-
teins, their effects on inducing humoral responses in
mice were investigated and compared.

Materials and Methods

Construction of recombinant placl plasmid

Recombinant main placl construct (P2P30-PADRE-
extracellular domain of mouse placl (Accession No:
NM_019538)) was designed in our laboratory and syn-
thesized in pBSK vector (Biomatik Company, Canada).
In order to facilitate purification of recombinant pro-
tein with Ni-NTA column, a His6-tag sequence was
designed at the C-terminal end of the construct (Figure
1). This construct was used as a template for subclon-
ing the recombinant main placl into pColdi expression
vector. At first, pPBSK vector containing main placl
was transformed into the competent TOP10 Escherchia
coli (E. coli) (Novagen, USA). The transformed colo-
nies were selected by culturing in LB agar plates con-
taining ampicillin (100 ug/ml) and were confirmed by
colony PCR. The colony PCR was run in 30 cycles
using M13R and M13F specific primers (Table 1) and
Taq DNA Polymerase 2x Master Mix RED (Ampligon,
Denmark). Each amplification reaction underwent ini-
tial denaturation at 95°C for 3 min followed by 30 cy-
cles at 94°C for 30 s, 45°C for 1 min, 70°C for 1 min,
and final extension was also performed at 70°C for 10
min. After colony selection, targeted colonies were
cultured in LB broth medium containing ampicillin
(100 pg/mi) and recombinant main placl miniprep was

Main placl
Ndel HindlIll HindIII
N e [RRDRE His tag
Control placl
N B |-

Figure 1. Schematic representation of main and control placl con-
structs. Restriction enzyme recognition sites are shown by arrows.

Table 1. Primers used for amplification of main and control placl

Vector Amplicon size (bp) Sequence Primer
pBSK 919 5'-AACGCCAGGGTTTTCCCAGTCACGA-3' M13F
pBSK 919 5'-GTGTGAAATTGTTATCCGCTC-3' M13R
pColdi 871 5'-ACGCCATATCGCCGAAAGG-3' pColdi universal F
pColdi 871 5'-GGCAGGGATCTTAGATTCTG-3' pColdi universal R
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extracted using the Miniprep extraction kit (Favorgen,
USA). Recombinant main placl miniprep was directly
digested with Ndel and Sall restriction enzymes (Fer-
mentas, USA) and ligated using T4 DNA ligase (Pro-
mega, USA) into pColdi expression vector (Promega,
USA) digested with the same enzymes. The final mini-
prep was then transformed into the TOP10 E. coli
competent cells and transformed colonies were selected
as described above using pColdi universal primers in
25 cycles (Table 1). Plasmid in pColdi expression vec-
tor was extracted as mentioned above.

In order to produce the control placl miniprep (Fig-
ure 1), the final miniprep of the main placl was digest-
ed with Hindlll (Fermentas, USA), self-ligated using
T4 DNA ligase (Promega, USA), transformed into the
TOP10 E. coli and final miniprep was extracted.

Recombinant placl expression and purification

Small scale expression of recombinant proteins: EX-
pression of mouse placl was performed as described
earlier 2. In brief, after confirming the sequence of the
final minipreps by sequencing, they were transformed
into the four E. coli strains (Novagen, USA), namely
BL21 (DE3), Origami (DE3), Rosettagami (DE3)
pLysS, and Shuffle T7 (DE3). For small scale expres-
sion, 5 ml LB or TB medium containing 100 ug/ml
ampicillin for BL21 (DE3) and Shuffle T7 (DE3), 100
ug/ml ampicillin, 34 ug/ml chloramphenicol and 15 ug/
ml kanamycin for Rosettagami (DE3) and 100 ug/ml
ampicillin, and 15 ug/ml kanamycin and 15 ug/ml tet-
racycline for Origami (DE3) were inoculated with a
fresh selected bacterial colony and grown overnight at
37°C. Next, 20 ml of fresh medium was inoculated
with 400 ul overnight cultures and incubation was con-
tinued at 37°C with shaking (160 rpm) until the OD600
reached 0.5-1. After induction with 0.25 and 1 mM
IPTG, further culturing at 15°C and 37°C for 3, 6, and
24 hr was performed followed by cell harvesting. Ex-
pression of the protein was assessed by SDS-PAGE.
Among variables tested including expression host, cul-
tivation temperature, cultivation time, concentration of
IPTG, and culture medium, variables with optimal pro-
tein expression were selected for a large scale protein
production.

For purification of main and control placl, first ex-
pression of the proteins was tested in soluble fraction
or inclusion body of the cell lysate. In this regard, dif-
ferent lysis buffers for inclusion body aggregates were
screened and purification protocol was then optimized.

To determine the optimal condition for solubilization
of inclusion bodies and preparation of recombinant
proteins, samples of both insoluble (precipitation) and
soluble fractions (supernatant) were placed on 12%
SDS-PAGE gels, and protein bands were visualized by
Coomassie Brilliant Blue staining (BioRad, USA).
Based on the results, buffer I1A and buffer D were se-
lected for preparation and purification of main and con-
trol placl. Composition of lysis buffers is listed in table
2. The methodology for cell lysate preparation using
selected lysis buffers are summarized below.

For buffer 11A, bacterial cell pellet was resuspended
first in lysis buffer I (50 ml lysis buffer per 100 ml of
bacterial culture) (Table 2) for 1 hr on ice with intern-
ment vortexing followed by 12 rounds of 20s on/40s
off sonication (Amplitude 70%). The cell lysate was
then centrifuged at 13000 g for 30 min at 4°C and both
insoluble and soluble fractions were collected. The
insoluble fraction was lysed in lysis buffer 11A (50 ml
lysis buffer per 100 ml of bacterial culture) (Table 2)
for 1 hr on ice, centrifuged at 18,000 g for 30 min at
4°C and the soluble fraction was collected. For buffer
D, bacterial pellet was harvested from 100 ml culture
with OD of 1 and admixed with 2 ml cold lysis buffer |
(Table 2) followed by harsh vortexing to solubilize all
cell clumps. Lysozyme (Sigma-Aldrich, USA) was
added to the lysate at a final concentration of 1 mg/ml
and the suspension was incubated for 45 min at 4°C
with gentle mixing. The suspension was quickly frozen
by submerging in liquid nitrogen for 2 min, thawed
immediately at 42°C, and blended by vortex vigorously
to mix well. Four freeze-thaw-vortex cycles were per-
formed. Sarkosyl (Sigma-Aldrich, USA) was added at
a final concentration of 2% w/v, and the mixture was
incubated at room temperature for 2 hr with gentle
mixing. The cell lysate was centrifuged at 13000 g for
25 min at 4°C and supernatant was collected.

Large scale expression and purification of recombinant
placl

Based on the results, small scale expression of re-
combinant placl proteins was obtained and large scale
protein expression experiment was carried out in the
BL21 (DE3) strain. Pre-culture was performed in 15 ml
TB medium at 37°C overnight. The culture was then
diluted with 300 ml TB supplemented with 100 pg/ml
ampicillin. Once OD600 reached 0.5-1, cold shock was
initiated and expression was induced with 0.25 mM
IPTG. Cells were further cultured for 24 hr at 15°C.

Table 2. Composition of the lysis buffers used in solubilization of inclusion bodies

Buffer  Na,HPO, NaH,PO, NacCl Imidazole Tris-HCL Urea Lysozyme  Sarkosyl pH
1A - 100 mM 50 mM 30 mM 10 mM 8 M - - 8
11B - 20mM 500 mM 10 mM 4M 8
1c - 20mM 500 mM 10 mM 2M - 12
1A-C - 100 mM 100 mM 30mM - - - 8
D 20 mM 20 mM 500 mM - - 1 mg/ml 2% 8
E 20 mM 20 mM 500 mM - 1 mg/ml 4% 8
F 20 mM 20 mM 500 mM - 1 mg/ml 6% 8
G 20 mM 20 mM 500 mM 1 mg/ml 10% 8
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The induced cells were harvested by centrifugation at
5000 g for 15 min at 4°C. Bacterial lysates were pre-
pared with two lysis methods mentioned above and
supernatants were collected and applied to Ni-NTA
resin (Thermo Fisher Scientific, USA) on AKTA pure
chromatography system (GE Healthcare, Germany).
In brief, the resin was first equilibrated by equilibra-
tion/wash buffer (Na;HPOs:NaH,POs 20 mM, NaCl
500 mM, Imidazole 30 mM, pH=7.4), the bacterial ly-
sate was applied to the resin, washing the column was
done with wash buffer and then elution was performed
with elution buffer (Na;HPO4:NaH,PO, 20 mM, NaCl
500 mM, Imidazole 500 mM, pH=7.4). Finally, the
eluted proteins were passed through the G-25 column
for desalting and then lyophilized. The purity and mo-
lecular weight of the fractions containing purified main
and control placl proteins was determined by SDS-
PAGE gel electrophoresis under reducing condition.
The expression of main and control placl and their
purity were analyzed on a 12% SDS-PAGE gel stained
with Coomassie brilliant blue G-250 (BioRad, USA).
The protein concentration was determined by the BCA
assay kit according to the manufacturer’s instruction.

Characterization of the recombinant proteins

To confirm the identity of main and control placl
recombinant proteins, Western blotting and ELISA
were performed. Since anti-placl antibody against
mouse placl was not available, anti-human PLAC1
was used with confirmed reactivity with mouse orthol-
ogous genes *6. For Western blot analysis, 1 pg/well of
each purified recombinant PLACL1 proteins was loaded
on a 12% SDS-PAGE gel under reducing condition.
Proteins were then transferred to nitrocellulose mem-
brane (GE Healthcare, Germany) at 110 V for 75 min.
Non-specific binding sites were blocked with 5% skim
milk for 2 hr at room temperature with shaking. Mem-
brane was washed 3 times with PBS containing 0.05%
Tween 20 and blotted with 10 pg/ml rabbit anti-human
PLACL1 for 1.5 hr at room temperature on shaker plat-
form. After washing as mentioned above, membrane
was incubated with 1:4000 dilution of HRP-conjugated
sheep anti-rabbit Ig (Sina Biotech, Iran) for 1 hr. Bands
were visualized using ECL system (GE Healthcare,
Germany).

Reactivity of the purified proteins was also tested by
ELISA. Briefly, the plate was coated with recombinant
main and control placl proteins at final concentration
of 5 pug/ml in PBS for 3 hr at 4°C. Recombinant human
PLACL1 was coated in control wells. Wells were then
washed and blocked using PBS containing 3% Fetal
Bovine Serum (FBS) at 37°C for 2 hr. Serial dilutions
of anti-recombinant human PLACL1 antibody from 10
pg/ml to 0.5 ng/ml were added and incubation was con-
tinued at 37°C for 1.5 hr. HRP-conjugated sheep anti-
rabbit 1g (Sina Biotech, Iran) was then added to the
wells at 1:2000 dilution and the reaction was revealed
with 3,3',5,5'-Tetramethylbenzidine (TMB) substrate.
Optical density was measured by Multiskan™ FC Mi-

croplate (ELISA) Reader (Organon Teknika, Belgium)
at 450 nm and 620 nm (As a reference wavelength).

Evaluation of antibody response against recombinant placl
proteins

In order to evaluate the functionality of the pro-
duced recombinant placl proteins, they were injected
subcutaneously into mice four times with 2-week in-
tervals and sera were collected one week after each
injection. For the first injection, 20 pg of antigen plus
complete Freund’s adjuvant and for the next immun-
izations, 10 pg of antigen plus incomplete Freund’s ad-
juvant were used. Mice receiving adjuvant only served
as the control group. The antibody titer in the immun-
ized mice was assessed by ELISA. All steps were done
as described above except that mice sera at serial dilu-
tions of 1:200-1:25600 were used as a source of prima-
ry antibody and HRP-conjugated sheep anti-mouse Ig
(Sina Biotech, Iran) at 1:2000 dilution was used as the
detection antibody. This study was approved by the
ethics committee of Tehran University of Medical Sci-
ences, Tehran, Iran (IR.TUMS.SPH.REC. 1399.078).

Statistical analysis

Comparison of anti-placl antibody titers between
different groups at each serum dilution was performed
using Mann-Whitney U test. Graphpad prism version
6.07 was employed for statistical analysis. The p-
values less than 0.05 were considered statistically sig-
nificant. ImageJ version 1.52v was used for calculation
of relative band density of the generated recombinant
proteins in bacterial cell lysate.

Results

Construction of recombinant placl plasmid

Recombinant main placl construct (P2P30-PADRE-
mouse placl) with a length of 717 bp in pBSK (+) vec-
tor was transformed into the competent TOP10 E. coli.
In selected colonies, amplified recombinant main placl
yielded amplicon size of 900 bp using M13F and R
primers. Main placl plasmid was then purified, sub-
cloned in pColdi expression vector and transformed in
the same E. coli strain. The amplified recombinant
main placl PCR product yielded amplicon size of 850
bp using pColdi-specific universal primers. For prepa-
ration of control placl plasmid, recombinant main
placl miniprep was digested with Hindlll restriction
enzyme and self-ligation was performed. Using pCol-
di-specific universal primers, amplicon size of 700 bp
was confirmed using agarose gel electrophoresis. In
both cases, the complete homology with the reference
genome sequence was confirmed by sequencing before
recombinant protein expression (data not presented).

Recombinant placl expression and purification

The minipreps encoding main and control placl
were transformed into four E. coli strains and protein
expression was induced. Different cultivation tempera-
tures, cultivation time, IPTG concentration, and culture
medium were studied and expression of the proteins in
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different conditions was evaluated by the SDS-PAGE.
As expected, main and control placl showed bands of
about 25 and 20 KD, respectively. The optimal expres-
sion level of main and control placl was obtained in
BL21 (DE3) and TB culture medium in the presence of

0.25 mM IPTG after 24 hr of induction at 15°C (Fig-
ures 2 and 3). Also, our results showed that main and
control placl were expressed as Inclusion Bodies (IBs)
in BL21 (DE3) (Figure 4). Different buffers were test-
ed to find the best condition for solubilization of inclu-

Main placl (P2P30-PADRE-mouse placl)

BL-21/0D600=0.5-1/LBAPTG 1 mM

Origami/OD600=0.5-1/LB/IPTG 1 mM

Shuffle/ODG600=0.5-1/LB/IPTG 1 mM

Rossettagami/OD600=0.5-1/LB/IPTG 1mM

BL-21/0D600=0.5-1/LB/IPTG 1 mM, 0.25mM

BL-21/0D600=0.5-1/IPTG 0.25 mM/TB

Optimized protocol: BL-21/0D600=0.5-1/TBAPTG 0.25 mM/15°C/24 hr

15eC 37°C

15°C 37 ”C

M PI  3hr 6hr 24hr 3hr 6hr 24hr

35K
25K

PL

1 mM

R Epe:ca=s

3hr 6hr 24!11 M PIL  3hr 6hr 24hr

025mM M

15%

(8)

- 6 hr 3 hr
(6)

|

PI

37°%

3hr 6hr 24 hr
(35) (6) (6)

M

Figure 2. Optimization of main placl expression in prokaryotic system. In the first step, the bacterial strain was selected under the same conditions. In
the next step, the IPTG concentration was set up. Finally, the bacterial culture medium and cultivation time and temperature were selected. Optimized
conditions are shown in bold letters. SDS-PAGE analysis was performed using 12% polyacrylamide gel and Coomassie Blue R-250 stain. Specific
bands are shown by dashed rectangles. The relative density (percentage) of the desired protein in the optimized condition is shown in parenthesis.

PI: Pre-induction, M: Protein marker.

Control placl (mouse placl)

BL-21/0D600=0.5-1/LB/IPTG 1mM

Origami/OD600=0.5-1/LB/IPTG 1 mM

Shuffle/OD600=0.5-1/LB/IPTG 1 mM

Rossettagami/OD600=0.5-1/LB/IPTG 1mM

BL-21/0D600=0.5-1/LB/IPTG 1 mM, 0.25 mM

BL-21/0D600=0.5-1/IPTG 0.25mM/TB

Optimized protocol: BL-21/0D600=0.5-1/TB/APTG 0.25mM/15°C/24 hr

15°C

15°C 3790

24 hr 6 hr 3hr
M PGS () ()

25 KD
15 KD

e
-

M PI

3hr 6hr 24hr M PI  3hr 6hr 24hr

Figure 3. Optimization of control placl expression in prokaryotic system. The optimization steps were the same as with main PLAC1 (Figure 2).
Optimized induction time and temperature were selected based on the optimal parameters of main PLAC1 expression. SDS-PAGE analysis was per-
formed using 12% polyacrylamide gel and Coomassie Blue R-250 stain. Specific bands are shown by dashed rectangles. The relative density (per-
centage) of the desired protein in the optimized condition is shown in parenthesis.

PI: Pre-induction, M: Protein marker.
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M FI F2 F3 F4

24hr Lysate 3 )
25 KD

l

Ill
it
MI
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€
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24hr M Lis‘ite M F1 F2 F3 F4

Figure 4. Purification of main and control placl with different lysis
buffers. Different lysis buffers (a-g) were used for solubilization and
purification of recombinant main (A) and control placl (B). Compo-
sition of each buffer (a-g) is presented in table 2.
PI: Pre-induction, M: Protein marker, F: Fraction

sion bodies and the highest yield in purification of re-
combinant proteins. The results indicated that the high-
est level of soluble proteins was obtained when using
I1A lysis buffer containing urea 8 M; however, proteins
failed to attach to Ni-NTA resin in the presence of urea
even when lower concentrations (2 M) of urea was
used for protein solubilization. Similarly, proteins sol-
ubilized with 4-10% sarkosyl could not be purified
over Ni-NTA resin. Finally, buffer containing 2% sar-
kosyl (Buffer D) was selected which resulted in the
highest yield in protein purification. The purified pro-
teins had high purity, as detected by SDS-PAGE (Fig-
ure 4). After purification, the eluted proteins were de-
salted using G-25 column with AKTA pure chromatog-
raphy system (GE Healthcare, Germany) and desalted
proteins were lyophilized. After purification, no obvi-
ous difference in molecular weight of main and control
placl was observed and both recombinant proteins
showed a molecular weight of about 25 KD. Based on
BCA assay, approximately 600 and 800 pg of purified
recombinant main and control placl proteins were ob-
tained, respectively from 1 L of medium after desalt-
ing.
Characterization of the recombinant proteins

To confirm the identity of the purified proteins,
Western blotting and ELISA assays were performed
using anti-human recombinant PLAC1 polyclonal anti-
body. Our results showed specific reactivity of anti-
human recombinant PLAC1 polyclonal antibody with

both main and control placl recombinant proteins in
ELISA (Figure 5A) and Western blot analysis (Figure
5B). In western blotting, specific bands of about 25 KD
were observed. As expected, anti-human recombinant
PLAC1 polyclonal antibody showed strong reactivity
with purified human recombinant PLACL1 protein in
ELISA vyielding optical density of about 3 with as low
as 30 ng/ml of coated protein. However, it showed
weaker reactivity with main and control placl recom-
binant proteins.

Evaluation of antibody response against recombinant placl
proteins

In order to evaluate whether or not the produced
main and control placl recombinant proteins are able
to elicit specific antibody response, mice were immun-
ized with the purified proteins and the reactivity of the
hyperimmune sera with the immunizing antigens was
tested. The results showed that high antibody response
was elicited even after the first injection in mice re-
ceiving main placl (Figure 6A). In control placl group,
immunized mice produced lower ratio of specific anti-
body to immunizing antigen compared to the main
placl group (p<0.0001). Sera from main placl group
highly reacted with main placl (p<0.0001) at different
dilutions (Figure 6B). Considering that main placl
contained immunostimulatory peptides and in order to
test specific antibody response against placl, cross
reactivity of the main placl sera was tested against
control placl. Our results showed that sera from main
placl group exhibited higher reactivity against placl

A
34
—e— Recombinant human PLAC]
== Main placl
0D 21 == Control placl
11
= b gl '_H T T T
0.001 0.005 003 015 06 25 10
Ab cone. (ug/ml)
B I 2 3 4
25 KD

Figure 5. Characterization of recombinant main and control placl
proteins. Reactivity of main and control placl proteins was tested by
ELISA and Western blotting. A) Wells of ELISA plate were coated
with main or control placl. In control wells, recombinant human
PLAC1 was coated. Reactivity of the coated proteins with polyclonal
anti-human PLAC1 antibody was tested by ELISA in triplicate. B)
Reactivity of main (Lane 1) and control placl (Lane 2) with polyclo-
nal antibody against recombinant human PLAC1 was confirmed by
Western blotting. In negative control lanes (Lanes 3 and 4), primary
antibody was omitted. Error bars show standard error of mean.
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A 354 Main placi 3.5 Control placl 3.54 Adjuvant
3.0 3.04 3.0
~ _ ~ -e-First injection
2.54 2.54 2.5 - Sccond injection
P 204 204 —aThird injection
op 20 op 20 oD 2.0 — Fourth injection
1.54 1.54 1.54
1.0 1.04 1.04
051 0.5 1:2‘00\\ 05
0.0 T T T 0.0 T .. ————p T 9.
1:200 1:400 1:1600 1:200 1:400 1:1600 1:200 1:400 1:1600
Serum dilutions Serum dilutions Serum dilutions
B 4, C 4 W Main/Main placl
. - Main placl £££ Main/Control plac]
Yoy -&Control plac! my £££ Dci:]l:.ﬂ?(lﬂvu.i ﬁ, cl
EE Bl puatata's == Adjuvant 31 i% £££ \\1, " ontrotpac
oy djuvant
oD 0D E x e
24 24 -|— sk ok 3
I sk
14 11 x % T
ol —, al IEEY LAY L
1:200  1:400 1:1600 1:6400 1:25600 1:200 1:400 1:1600

Serum dilutions

Serum dilutions

Figure 6. Evaluation of antibody response against recombinant main and control placl proteins. Mice were immunized with either main or control
placl. Mice receiving adjuvant only served as the control group. A) Specific antibody titers were determined one week after each immunization. B)
Reactivity of the titrating dilutions of hyperimmune sera from different groups (each containing 6 mice) after the fourth immunization was tested in
triplicate with cognate antigen as a coating layer. Sera of adjuvant group were only tested with control placl. C) Cross-reactivity of the main placl-
immunized sera collected after the fourth immunization with control placl was tested in triplicate. Each group contained 6 mice. Error bars show

standard error of mean.

*: Statistical comparison with adjuvant group, ¥: Statistical comparison with control placl group, £: Statistical comparison with main/control placl

group.*, ¥: p<0.05, £££, Y¥¥: p<0.001, **** Y¥¥¥: p<0.0001

compared to control placl sera at all dilutions tested
(p<0.05) (Figure 6C).

Discussion

In this study, the optimized protocol was reported
for production and purification of mouse recombinant
placl protein. PLAC1 is among oncoplacental proteins
with profound effects in cancer development and pro-
gression %%, To this end, PLAC1 has been regarded as
one of the potential targets for cancer immunotherapy.
Nonetheless, limited data are available on the efficient
production of this antigen. The production of recombi-
nant human PLAC1 has been already optimized 2
however, no study has been conducted so far on the
production and purification of mouse placl. In this
study, an optimized protocol was reported regarding
prokaryotic mouse placl production and purification.
To induce higher levels of antibody responses, a re-
combinant placl protein containing immunostimulato-
ry peptides, P2P30 and PADRE, was produced and
humoral immune responses against it were compared
to that of recombinant placl protein lacking those pep-
tides.

Our results showed that production condition com-
prising BL21 (DE3) as host, TB as cultivation medium,
induction with 0.25 mM IPTG for 24 hr, and using

sarkosyl for solubilization gave the highest yield and
purity. Although urea 8 M was able to solubilize large
amounts of inclusion bodies leading to high yield re-
combinant placl proteins, these proteins failed to bind
to Ni-NTA resin even at lower urea concentrations
probably due to changes that urea exerts in the confor-
mation of recombinant proteins. Sarkosyl also led to
the solubilization of large amounts of inclusion bodies
at high concentrations (4-10%), but like urea, the pro-
teins prepared in this method did not attach to the Ni-
NTA resin. Sarkosyl at higher concentrations could
change the structure and conformation of recombinant
proteins as well *7. Although 2% sarkosyl was less ef-
fective in solubilizing inclusion bodies, it did not con-
siderably interfere with recombinant placl binding to
Ni-NTA resin.

As expected, main placl showed a relatively less
electrophoretic mobility compared to control placl (25
vs. to 20 KD). However, after solubilization of urea or
sarkosyl, this molecular weight difference was visually
lost, which could probably be attributed to structural
changes in control placl conformation following expo-
sure to these potent detergents leading to a shift in elec-
trophoretic mobility. In order to replace the buffer and
remove imidazole from the purified proteins, desalting
with chromatography system was applied instead of
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dialysis, which greatly reduced the amount of protein
loss.

It was also shown that both recombinant placl pro-
teins specifically reacted with anti-recombinant human
PLACL1 antibody in Western blotting and ELISA con-
firming the identity of the generated proteins. As ex-
pected, anti-recombinant human PLAC1 antibody
showed considerably higher reactivity with human
PLAC1 compared to our generated mouse placl pro-
teins. This is because human and mouse PLACL1 pro-
teins show only 60% identity at the protein level. To
demonstrate the capacity of produced recombinant
placl proteins to induce humoral responses, these pro-
teins were injected into mice and the levels of specific
anti-placl antibodies were measured. Several studies
have shown that PLAC1 could induce humoral re-
sponses in patients with different types of cancers.
Fourteen out of 226 plasma samples (6%) from
NSCLC patients contained detectable levels of anti-
PLAC1 antibodies 8. Six out of the 20 (33%) patients
with PLAC1 mRNA positive colorectal cancers pro-
duced anti-PLAC1 antibodies ’. Notably, pregnancy
itself could also be considered as a trigger for induction
of anti-PLAC1 antibodies. Four out of 78 (5%) healthy
adults with previous history of pregnancy showed se-
ropositivity with recombinant PLAC1 protein (Amino
acids 125-212) 8, In line with these studies, placl pro-
tein was shown to induce humoral responses in vivo.
As expected, however, the placement of P2P30 and
PADRE peptides next to the placl resulted in an in-
creased immunogenicity and enhanced placl-specific
humoral responses most probably through polyclonal
activation of helper T cells (Th) 34, Presenting P2P30
and PADRE epitopes by MHCII molecules of B lym-
phocytes as antigen presenting cells to Th cells leads to
the activation of these cells, resulting in production of
cytokines including interferon-y and efficient binding
of CD40L to CD40 at the surface of PLAC1-specific B
lymphocytes, which is the second signal for the prolif-
eration and differentiation of PLAC1-specific B lym-
phocytes, potentially leading to generation of antibod-
ies with higher affinity °. Application of tetanus toxin
c-fragment (TTfrC), especially its first domain (pDome),
which contains P2P30 activated all components of the
specific immune system including CD4+, CD8+ T
cells, and B cells in patients with follicular lymphoma
and multiple myeloma 2. Inserting P2P30 and PADRE
into human TNFa gene structure induced production of
antibodies against TNFa, which efficiently neutralized
biological activity of TNFa in vitro 2. Similarly, pla-
cement of PADRE and 4 epitopes of tetanus toxin
fragment ¢ (TTfrc) along with WT1 and human papil-
lomavirus E7 antigens induced high 1gG titers, reduced
the number of pulmonary metastatic nodules, and in-
creased survival compared with controls in a mouse
model of TC-1 tumor 2,

In this study, four bacterial strains, one vector, and a
limited set of solubilization and purification procedures

were tested. Different bacterial strains, expression vec-
tors, and purification processes are needed to further
improve yield and purity of the placl protein.

Conclusion

In this study, an optimized protocol was reported for
the production and purification of functional mouse
recombinant placl protein and it was shown that inser-
tion of immunostimulatory peptides in gene construct
could efficiently enhance humoral immune responses
against this protein. This could potentially augment
cellular immune responses against placl leading to
more effective anti-cancer responses. Generated pro-
teins have broad applications for studying PLAC1 im-
munobiology and immunotherapy of tumors with PLA-
C1 expression.
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