Experimental Oncology 41,
����������������������
7–13, �����������
(March)	7
Exp Oncol 2019
ORIGINAL CONTRIBUTIONS
41, 1, 7–13

EXPRESSION PROFILING OF plac1 IN MURINE
CANCER CELL LINES
J. Mahmoudian1, 2, R. Ghods3, 4, M. Nazari2, M. Jeddi-Tehrani2, M.H. Ghahremani1, 5,
S.N. Ostad1, 5, A.H. Zarnani6, 7, 8, *
1
Nanotechnology Research Center, Faculty of Pharmacy,
Tehran University of Medical Sciences, TUMS, Tehran 19615-1177, Iran
2
Monoclonal Antibody Research Center, Avicenna Research Institute, ACECR, Tehran 19615-1177, Iran
3
Oncopathology Research Center, Iran University of Medical Sciences, IUMS, Tehran 14496-14535, Iran
4
Department of Molecular Medicine, Faculty of Advanced Technologies in Medicine,
Iran University of Medical Sciences, IUMS, Tehran 14496-14535, Iran
5
Department of Toxicology and Pharmacology, Faculty of Pharmacy,
Tehran University of Medical Sciences, Tehran 14155/6451, Iran
6
Reproductive Immunology Research Center, Avicenna Research Institute, ACECR,
Tehran 14155/6446, Iran
7
Department of Immunology, School of Public Health, Tehran University of Medical Science,
Tehran 14155/6446, Iran
8
Immunology Research Center, IRC, Iran University of Medical Sciences, Tehran 14155/6446, Iran
Aim: Placenta-specific 1 (PLAC1) is among recently-discovered placental antigens which exerts fundamental role in placental
function and development. Increasing body of literature shows that PLAC1 is frequently activated and expressed in a wide variety
of human cancers and promote cancer progression. However, no data is available regarding the expression of mouse orthologue,
plac1, in murine cancer cell lines. Materials and Methods: We investigated the expression of plac1 in a series of murine cell lines
from different histological origins, mammary carcinoma (4T1), melanoma (B16F10), colorectal carcinoma (CT26), renal carcinoma
(Renca), glioma (GL26), B-cell lymphoma (A20 and BCL1) and also two fibroblast cell lines (NIH3T3 and L929), using RT-PCR,
Western blotting and flow cytometry. Results: Our data demonstrated that plac1 transcript and plac1 protein were expressed in all
examined cell lines, as judged by RT-PCR and Western blot, respectively. The molecular weight of mouse plac1 was experimentally
observed to be approximately 24 kD. Flow cytometric analysis showed surface expression of plac1 in aforesaid cell lines ranging
from 2% to 42.5%. Conclusion: Based on the ubiquitous expression of plac1, the investigated cancer cell lines or immortalized cell
lines can be used to examine the role of plac1 in the process of immortalization.
Key Words: plac1, cell line, cancer, immortalization, expression.

Cancer which is mainly characterized by uncontrolled cell proliferation, resistance to apoptotic death,
metastasis to other tissues, and evasion from immune
defense mechanisms, is one the most markedly
causes of mortality in the world [1].
Up to the present, scientists have been employing several strategies including surgery, radiotherapy
and chemotherapy to overcome cancer. However, all
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Abbreviations used: anti-rhPLAC1 Ab — anti-rhPLAC1 antibody;
CTAs — cancer/testis antigens; ELISA — enzyme-linked immunosorbent assay; FBS — fetal bovine serum; HPRT — hypoxanthine-guanine phosphoribosyl transferase; HRP — horse radish
peroxidase; KLH — keyhole limpet hemocyanin; MW — molecular
weight; OD — optical density; PBS — phosphate-buffered saline;
PBS-T — PBS + 0.1% Tween 20; PI — pre-immune rabbit immunoglobulin G; PLAC1 — placenta-specific 1; rhPLAC1 — recombinant
human PLAC1; RT-PCR — reverse transcription polymerase chain
reaction; SDS-PAGE — sodium dodecyl sulfate polyacrylamide
gel electrophoresis; TAAs — tumor-associated antigens; TSAs —
tumor-specific antigens; WB — Western blot.

aforesaid strategies are associated with undesirable
damages to normal cells albeit with different degrees.
During the last two decades, the efficacy and specificity of the immune system has motivated scientists
to employ immunotherapy as a new approach in order
to challenge with malignant cells. In this regard, discovering tumor-specific antigens (TSAs) is a milestone
step in tumor-targeting strategies with the minimum
side effects on normal cells. There are, at least, three
types of tumor antigens including tumor-associated
antigens (TAAs) [2], TSAs [2, 3], and cancer/testis antigens (CTAs) [4, 5]. Among these antigens, CTAs are
expressed on several types of cancer cells albeit they
are expressed in normal gametes and trophoblasts.
In this regard, during the last decades, CTAs have
been employed as appropriate candidates in cancer
research and biology [5, 6].
PLAC1 which is a member of CTAs and maps
to chromosome Xq26, was first introduced by Cocchia et al. in 2000 [7]. The PLAC1 gene is located
65 kb telomeric to hypoxanthine-guanine phosphoribosyl transferase (HPRT) gene at Xq26. The
mouse orthologue Plac1 maps to the equivalent
region of the mouse X chromosome [7]. Both human

8

Experimental Oncology 41, 7–13, 2019 (March)

PLAC1 and mouse plac1 genes contain 6 exons;
the last exon codes for the protein. The human and
mouse PLAC1/plac1 genes have two promoters [8].
PLAC1 promoters are differentially employed in tumor
cells and placenta [8–10]. PLAC1/plac1 transcripts
started from promoter one (P1) always include
exons 5 and 6 and may include exons 1 or 2 or 3 but
always skip exon 4; whereas transcripts originated
from promoter two (P2) exclusively include exons 4,
5 and 6 [8]. PLAC1/plac1 genes have 75% identity
at the DNA level; however, PLAC1/plac1 proteins show
60% identity at the amino acid level [7].
In spite of PLAC1 expression in placenta, there
is evidence indicating PLAC1 is highly activated
in many types of human cancers including breast [11–
13], lung [11–14], liver [12, 14, 15], colon [12–14,
16–18], stomach [11, 19, 20], ovary [11, 21, 22], ute
rus [9, 10], and cervix [12, 23] and also human cancer
cell lines [11, 12, 14, 15, 24]. We also recently showed
using tissue microarray that PLAC1 was expressed
in prostate carcinoma [25] and could be viewed
as a suitable candidate target for immunotherapy
of human prostate cancer [26].
Up to now, no study is available regarding
plac1 expression in murine cell lines. In the present
study, we assessed the plac1 expression in cancer
and immortalized murine cell lines at gene and
protein levels by reverse transcription polymerase
chain reaction (RT-PCR), Western blot (WB), and
flow cytometry.

MATERIALS AND METHODS
Cell lines and culture conditions. 4T1, B16-F10,
CT26, Renca, A20, BCL1, GL26, L929, NIH3T3 murine
cell lines (all from National Cell Bank of Iran) were
cultured in RPMI 1640 (Gibco, Invitrogen, CA, USA)
supplemented with 10% fetal bovine serum (FBS)
(Gibco), 100 U/ml penicillin, and 100 μg/ml streptomycin in a humidified incubator at 37 ˚C with 5% CO2.
Production of polyclonal antibody. Polyclonal
antibody production, purification, and characterization
were done as described elsewhere [27, 28]. Briefly,
two different types of polyclonal antibodies were
produced. PLAC1 peptide (amino acid residues 117–
128 shared in human and mice) was first synthetized
and conjugated to keyhole limpet hemocyanin (KLH).
New Zealand white rabbits were immunized with KLHconjugated PLAC1 peptide. Freund’s complete and
incomplete adjuvants were used for first and subsequent immunizations, respectively. The produced
antibody was designated as anti-P117. In addition,
a recombinant human PLAC1 (rhPLAC1) (amino
acid residues 23-212) was produced as described
elsewhere [29] and injected into New Zealand white
rabbits. Anti-rhPLAC1 antibody (anti-rhPLAC1 Ab)
were then purified from sera of immunized rabbits
using rhPLAC1 coupled to a CNBr-activated Sepharose 4B column. The purity and reactivity of purified
antibodies (anti-P117 and anti-rhPLAC1 Ab) were
assessed by sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE) and enzyme-linked
immunosorbent assay (ELISA).
Confirmation of PLAC1 specificity of antiP117. In order to confirm PLAC1 specificity of antiP117, several ELISA systems were designed. In one
experiment, P117 peptide and rhPLAC1 protein were
separately coated overnight in ELISA plates. After
washing with phosphate-buffered saline (PBS)/0.1%
Tween 20 for three times and blocking with 5% bovine
serum albumin, wells were incubated with titrating concentrations of either anti-P117 or anti-rhPLAC1 Ab for
1 h at 37 °C. After washing as above, 1:2000 dilution
of horse radish peroxidase (HRP)-labeled anti-rabbit
Ig (BioRad, USA) was added to the wells and incubation was continued for further 1 h. In the second
run of experiments, anti-P117 was coated followed
by sequential addition rhPLAC1 (0.15–10 μg/ml for
1 h), biotin-labeled anti-rhPLAC1 Ab (house made)
(5 μg/ml for 1 h) and 1:10,000 dilution of HRPstreptavidin (Invitrogen). In the next experiment,
rhPLAC1 was coated in ELISA wells followed by the
addition of titrating doses of either anti-P117 or P117saturated anti-P117 (100-fold molar ratio) for 1 h and
HRP-labeled anti-rabbit Ig (BioRad) as above. In all
ELISA systems, signals were developed by addition
of tetramethylbenzidine and the reaction was stopped
by 20% (v/v) H 2SO 4. Optical densities were read
at 450 nm by a photometer (BioTek’s Synergy™ 4).
RT-PCR assessment of plac1 expression.
Cells for RNA purification were harvested at 70–80%
confluence. RNA was extracted from cells and mouse
placenta using ambion PureLink RNA Mini Kit (Thermo
Scientific, Waltham, Massachusetts, USA) according
to manufacturer’s recommendations. RNA integrity
was confirmed by agarose gel electrophoresis and
the concentration was determined by measuring the
optical density (OD) at 260 nm in a NanoDrop spectrophotometer (Thermo Scientific). DNA contamination was removed using a commercial kit (Sigma,
Missouri, USA, Product Number: AMPD1) by applying 1 μl DNase I to 3 μg extracted RNA, 1 μl 10×
reaction buffer, and adequate water in a total volume
of 10 μl during 20 min at RT then followed by DNase
inactivation for 10 min at 70 °C. First strand cDNA was
synthesized using ~3 μg (10 μl) of DNA-decontaminated RNA, 4 μl 5× reaction buffer (Fermentas, Thermo
Scientific), 2 μl dNTPs (Roche, Basel, Switzerland),
1 μl N6 random hexamers (Fermentas), 1 μl reverse
transcriptase (Fermentas), and 2 μl water in a total
volume of 20 μl as follows: 10 min at 25 °C, 60 min
at 42 °C and 10 mins at 70 °C. The synthesized cDNA
was stored at –20 °C until further use.
A 579 bp PCR product was amplified using
plac1 sense 5´-TCAGCAGTGAGCACAAAGCCA-3´ and
antisense 5´-CAAGGTGAACACGTGGTAGGAAG-3´
primers. A three-temperature touchdown PCR program was used for DNA amplification: 94 °C for 5 min;
19 cycles at 98 °C for 10 s, 65 °C for 30 s (with temperature decreasing from 65 °C to 56 °C by 0.5 °C per
cycle), 72 °C for 45 s; followed by additional 26 cycles
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at 98 °C for 10 s, 56 °C for 30 s, 72 °C for 45 s; and a final extension at 72 °C for 5 min, using a Mastercycler
Gradient Eppendorf thermocycler. PCR reactions were
performed in a 20 μl volume containing 2 µl cDNA,
0.25 µl (10 pmoles/µl) of each primer, 7.5 µl water, and
10 µl Taq DNA Polymerase Master Mix RED (Ampliqon,
Danmark).
Mouse β-actin was amplified as control.
A 218 bp β-actin PCR product was amplified using
sense 5´-GTCGAGTCGCGTCCACC-3´ and antisense
5´-CATTCCCACCATCACACCCTG-3´ primers. The
PCR amplification was carried out under the following condition: initial denaturation at 94 °C for 5 min,
a 25-cycle amplification (98 °C for 10 s, 60 °C for 20 s,
and 72 °C for 25 s), and a final extension for 5 min
at 72 °C. PCR reactions was performed in a 20 μl vo
lume containing 2 µl cDNA, 0.25 µl (10 pmoles/µl)
of each primer, 7.5 µl water, and 10 µl Taq DNA Polymerase Master Mix RED.
PCR products (expected product size 579 bp for
plac1 and 218 bp for β-actin) were evaluated by 1% agarose gel electrophoresis. Gene expression analysis
was repeated at least three times for all cell lines.
Protein lysate preparation. Balb/C mouse
placenta at gestational day 10 was dissected and immersed into liquid nitrogen for 20 min. Then, the frozen tissue was homogenized at 12,000 rpm for 1 min
in a homogenizer (Sartorius Mikro-Dismembrator).
The tissue was lysed in tris-triton buffer containing
10 mM Tris-HCl, pH 7.4, 100 mM NaCl, 1 mM EDTA,
1 mM EGTA, 1% Triton X-100, 10% glycerol, 0.5%
sodium deoxycholate, 0.1% SDS, and 1% protease
inhibitor cocktail (Sigma P8340). The lysate protein
concentration was measured by a BCA protein assay kit (Thermo Scientific) and stored at –80 °C until
further use.
Human placenta, immediately after Cesarean
section, was used for lysis preparation as well.
An eighty milligram sample from villi portion was dissected and prepared in 1 ml sample buffer containing
150 mM Tris pH 6.8, 1.2% SDS, 200 mM DTT, 33%
glycerol, and 0.2% bromophenol blue. The tissue was
sonicated and boiled for 15 min and then centrifuged
at 17,700 g for 20 min at 4 °C. The supernatant was
stored at –80 °C until further use.
Cells were harvested at 70–80% confluence with
saline sodium citrate buffer pH 8.0 (15 mM sodium
citrate and 130 mM potassium chloride) and washed
three times with cold PBS. 5•106 cells were lysed
in 500 µl tris-triton buffer with the same composition
as stated above. After 30 min incubation on ice, samples were cleared by centrifugation and supernatant
was collected and stored at –80 °C.
WB analysis of plac1 expression. rhPLAC1 (10 ng
and 40 ng), a panel of cell lines (20 µl each), mouse
placenta (20 µg), and human placenta (10 µl) were run
on a 15% SDS-PAGE gel at 100 V for 2 h and then transferred to PVDF membrane at 200 mA for one h. The
presence of protein bands was confirmed by Ponceau
S staining. The membrane was blocked with PBS +

0.1% Tween 20 (PBS-T) containing 5% non-fat milk
solution overnight without shaking at 4 °C. All immunoprobings were performed in PBS-T supplemented with
1% non-fat milk. The membrane was incubated with
affinity purified anti-rhPLAC1 Ab and pre-immune rabbit
immunoglobulin G (PI) as a negative primary antibody
control both at 1 µg/ml for 1.5 h with shaking at RT. After
extensive washing, the membrane was incubated with
goat anti-rabbit IgG-HRP (1:5000) (Bio-Rad, Hercules,
California, USA) for one h with shaking at RT followed
by extensive washing and developing with Immobilon
Western Chemiluminescent HRP Substrate detection
system (Merckmillipore). Anti-β-actin (clone: D6A8)
rabbit monoclonal antibody (Cell Signaling Technology,
Danvers, Massachusetts, USA) was used for visua
lization of β-actin after re-probing of the membrane.
Expression level of plac1 in all cell lines was tested
at least three times. Expression of plac1 in each cell
line was normalized against β-actin and expressed
as expression ratio.
Flow cytometric assessment of plac1 locali
zation. Cells were harvested at 70–80% confluence
with saline sodium citrate buffer and washed three
times with cold PBS. 5•105 cells were incubated with
5% sheep serum for 30 min on ice. All immunostainings were performed in PBS supplemented with 2%
FBS on ice. Cells were subsequently incubated with
either PLAC1 peptide (amino acid 117-128)-immunized rabbit serum (1:100) or a pre-immune rabbit
serum with the same dilution for 45 min. After three
times washing, cells were then incubated with sheep
F(ab’)2 anti-rabbit polyclonal antibody-FITC (1:100;
Sina Biotech, Tehran, Iran) for 30 min in the dark.
Cells were then washed three times followed by flow
cytometry analysis using a flow-cytometer (Partec,
Munster, Germany).
Statistical analysis. Descriptive statistics were
carried out.

RESULTS
Production of polyclonal antibodies. In order
to investigate plac1 protein expression in a panel
of murine cell lines by Western blotting and flow
cytometry, polyclonal antibodies directed against
rhPLAC1 or P117 peptide were produced. Due to the
fact that the human and mouse PLAC1/plac1 proteins have 60% identity [7], we expected that antirhPLAC1 antibody could recognize mouse plac1, too.
Based on this rationale, rhPLAC1 with a molecular
weight (MW) of 24 kD was used for immunization
of rabbits. Also, proper conjugation of the P117 peptide
with carrier protein was investigated and confirmed
by SDS-PAGE (data not shown). Titer of purified
anti-PLAC1 antibodies was then measured by indirect
ELISA showing proper immunization and high titers
of anti-PLAC1 antibodies in rabbits immunized with
either KLH-conjugated peptide or rhPLAC1 (Fig. 1, a).
To confirm PLAC1-specificity of anti-P117, a sandwich ELISA was designed in which rhPLAC1 was
first captured by anti-P117 and detected by anti-
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rhPLAC1 Ab. The results showed that the values
of optical densities increased with increasing concentration of rhPLAC1 denoting reactivity of anti-P117 with
rhPLAC1 (Fig. 1, b). To further confirm PLAC1-specificity of anti-P117, an inhibition ELISA was performed.
The results clearly showed that P117 peptide was able
to considerably inhibit the reactivity of anti-P117 with
rhPLAC1 further confirming PLAC1 specificity of the

Fig. 1. Determining specificity of polyclonal anti-plac1 antibodies. Two polyclonal anti-PLAC1 antibodies directed against
rhPLAC1 and amino acids 117-128 (P117) were produced
in rabbits. Both antibodies exhibited excellent reactivity against
immunizing antigens (a). PLAC1-specificity of anti-P117 was
confirmed by a sandwich ELISA in which rhPLAC1 was first captured by anti-P117 and detected by anti-rhPLAC1 antibody (b).
PLAC1-specificity of anti-P117 was further confirmed by an inhibition ELISA. Saturation of anti-P117 by immunizing peptide (P117)
considerably inhibited its reactivity with rhPLAC1 (c). The data
in (a) and (b) are presented as mean ± SD
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polyclonal antibodies directed against amino acids
117-129 (Fig. 1, c).
Plac1 gene expression in murine cell lines.
Here we repot for the first time the plac1 expression profile in a panel of nine murine cell lines using
RT-PCR. These cell lines were from different origins
including mammary carcinoma (4T1), melanoma
(B16F10), colorectal carcinoma (CT26), renal carcinoma (Renca), fibroblast cell lines (NIH3T3 and L929),
glioma cell line (GL26), and B-cell lymphoma cell lines
(A20 and BCL1). Mouse plac1 contains 6 exons, the
last one codes for the protein and exists in four known
plac1 transcripts [8]. We designed optimal primers
covering exons 5 and 6 junction to amplify the four
known plac1 mRNA transcripts (Fig. 2, a). These exonexon junction primers exclusively guaranteed the amplification of plac1 transcripts regardless of probable
genomic DNA contamination in PCR. The specificity
of primers was validated by sequencing of PCR pro
ducts of mouse placenta, 4T1, B16-F10, and CT26 cell
lines (data not shown). Interestingly, we observed that
all examined murine cell lines showed plac1 gene
expression (Fig. 2, b). In this experiment, mouse placenta and mouse peripheral blood mononuclear cells
(PBMC) were used as positive and negative controls,
respectively. Mouse β-actin gene was used as a housekeeping internal control gene.
Analysis of plac1 protein expression by WB. After approval of plac1 gene expression by RT-PCR in the
examined cell lines, plac1 protein expression was then
surveyed using WB. Our results showed that despite
excellent reactivity of anti-P117 with native protein, this
antibody was not able to detect PLAC1 in WB. In this
context, anti-rhPLAC1 Ab was used for this experiment. Since there is 60% similarity between human
PLAC1 and mouse plac1 at the protein level [7],
we expected that anti-rhPLAC1 Ab could recognize
mouse plac1, too. The reactivity of this antibody
to PLAC1 in human placenta as well as rhPLAC1 was
initially confirmed in WB (Fig. 3, a). In negative control
lanes in which anti-rhPLAC1 antibody was substituted
with equivalent concentration of rabbit normal immunoglobulin, no specific band was observed. For detection of mouse plac1 protein in mouse cell lines, we further assessed the reactivity of anti-rhPLAC1 Ab against
plac1 in mouse placenta lysate as well (Fig. 3, a).
Data revealed that this antibody was able to recognize plac1 in mouse placenta. Again control wells
showed no specific reactivity. Both PLAC1 and
plac1 were detected as a sharp band of approximately
24 kD in human and mouse placenta lysates, respectively. Although the MW of mouse plac1 is theoretically
predicted to be 19.6 kD, the MW of plac1 protein was
experimentally shown to be approximately 24 kD. After confirming the reactivity of anti-rhPLAC1 Ab with
its cognate ligand, the expression of plac1 protein
was investigated in all examined murine cell lines.
Interestingly, in all cell lines a band of approximately
24 kD corresponding to the Plac1 protein was detected
with anti-rhPLAC1 antibody (Fig. 3, b). Notably, the
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expression ratio of plac1 varied between cell lines
from histologically different origins. In brief, A20 and
4T1 showed the highest expression ratio, while the
expression ratio was comparatively lower in CT26 and
BCL1 (Fig. 3, c).
Flow cytometric analysis of plac1 expression in murine cell lines. Previous studies showed
localization of human PLAC1 on cell surface [11, 30].
The N-terminal side of the protein is cytosolic while
the C-terminal region is extracellular. We thus hypo
thesized that, like human PLAC1, mouse plac1 might
also be a membranous protein. Hence, plac1 loca
lization was investigated using flow cytometry. In this
experiment, the anti-P117 recognizing the extracellular
C-terminal part of the plac1 was used for plac1 loca
lization in nine examined murine cell lines. Cell harvesting was done with citrate buffer, not with trypsinization,
to protect the plac1 protein from enzymatic degradation. Accordingly, it was observed that all murine cell
lines expressed plac1 on the cell surface albeit with
different expression levels (Fig. 4).

DISCUSSION
PLAC1/plac1 was first introduced by Cocchia
et al. [7] in 2000 as a novel placenta-specific gene with
a potential role in placental development. Most studies
on this molecule were subsequently focused on its expression in human cancer cells and tissues [11, 12, 14].
However, the expression of mouse orthologue, plac1,
in murine cancer cell lines is largely unclear. Such data
will be of utmost importance when the potential role

of plac1 in tumorigenesis of mouse cancer cells in syngeneic cancer models is investigated. In this study,
we have, for the first time, analyzed plac1 expression
in nine murine cell lines at both gene and protein levels. All examined cell lines expressed plac1 transcript.
However, the expression level was relatively lower
in B16F10, GL26, and BCL1 cell lines compared to the
other cell lines. WB analysis also confirmed plac1 expression in all cell lines studied. Here, the cell lines expressed the protein at different levels, so that CT26 and
BCL1 cells exhibited lower plac1 expression ratio when
compared to the other cell lines. To study cell surface
expression, flow cytometric analysis was conducted.
Previous data by in silico analysis of PLAC1 topology
predicted a membranous protein with one transmembrane helix [11]. Further experimental studies confirmed membranous PLAC1 localization [11, 24, 30].
To this end, we produced a polyclonal antibody against
a peptide in extracellular region of the molecule spanning from amino acid 117 to 128 which was previously
used by other investigators in human cell lines [11, 14,
16, 29–31]. This sequence is common between mouse
and human PLAC1/plac1. Our results showed that antibody directed against amino acid 117 to 128 is specific
to plac1 as judged by its ability to capture rhPLAC1 and
also by inhibition of its reactivity with rhPLAC1 after
saturation with P117-128. In plac1 surface expression
analysis,
A20 and L929 showed relatively higher surface
expression of plac1 than the other cell lines. Disagre
ement of the results of two protein readout systems

Fig. 2. Analysis of plac1 transcript expression in murine cell lines. The genomic organization of mouse plac1 gene and its expression
in murine cell lines are shown. Introns are shown by solid lines and exons by boxes. Exon 6 contains the protein coding sequence.
primers were designed at the exons 5 and 6 junction (a). RT-PCR analysis of plac1 expression in murine cell lines. Mouse periphe
ral blood mononuclear cells (PBMC) and no cDNA control (NC) were used as negative controls. β-actin was used as an internal
control (b). DNA ladder: SM0331 from Thermo Scientific
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Fig. 4. Flow cytometric analysis of surface plac1 expression
in murine cell lines. Representative flow cytometric analysis
of membranous localization of plac1 protein in different murine
cell lines (a). Mean (SD) of three independent plac1 expression
analyses for each cell line is shown (b). The data in (b) are presented as mean ± SD

Fig. 3. WB analysis of plac1 protein expression in murine cell
lines. For assessment of reactivity of anti-rhPLAC1 Ab, WB analysis was performed on rhPLAC1 and lysates prepared from human (hPlacenta) and mouse (mPlacenta) placenta. Negative
control lanes were probed with equivalent concentration of PI,
protein ladder: 26616 from Thermo Scientific (a). WB analysis
of the indicated murine cell lines by anti-rhPLAC1 antibody.
The pool lysate from all cell lines was used as negative control.
β-actin was used as internal loading control (b). Expression
of plac1 in each cell line was normalized with corresponding
β-actin and expressed as expression ratio (c). The data in (c)
are presented as mean ± SD

in case of some cell lines points to differential localization of plac1.
There is no consensus on MW of human PLAC1  with
reports ranging from 24 to 30 kD [11, 16, 24, 30].
In the present study using anti-rhPLAC1 Ab, we observed the MW of about 24 kD in human placenta.
The inconsistent results on PLAC1 MW as reported
in different studies may be attributed to the technical
issues and also to different pattern of post transcriptional modifications in different cells. PLAC1 is predicted to have four putative O-glycosylation sites

and five potential phosphorylation sites [30]. In this
context, more precise techniques such as mass
spectroscopy should be employed to determine
the exact MW of intact purified PLAC1 molecule.
In addition, different localization of PLAC1, as reported by many investigators [15, 16, 18, 20, 24,
32], may point to the existence of different isoforms
with different MW generated by alternative splicing.
In line with this notion, we observed in WB a band
with lower MW in human and mouse placenta.
The MW of mouse plac1 is theoretically predicted
to be 19.6 kD. According to the data provided in ExPASy (NetOGlyc 4.0 and NetPhos 3.1 servers), five
potential O-glycosylation and at least eight serine,
threonine or tyrosine phosphorylation sites exist
in plac1 molecule which may account for higher
MW of plac1 reported here.
There is growing body of evidence showing involvement of PLAC1 in promoting vital parameters
of tumors including cell proliferation, resistance
to apoptosis, acceleration of cell cycle, progression
of epithelial-mesenchymal transition and induction
of cell migration and invasion [11, 15]. In this regard,
blocking of PLAC1 protein or silencing of its transcript
was reported [11, 15] to reverse cancer promoting
function of PLAC1 and may be considered as a modality to control cancer. Based on this information,
it can be inferred that mouse orthologue may have
the same function in tumorigenesis of mouse cancer cell lines. In this regard, our data establishes
a platform for future studies aiming at potential role

Experimental Oncology 41,
����������������������
7–13, �����������
(March)	13
of plac1 in cancer development in syngeneic mouse
cancer models.
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