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Abstract
The emergence of immunotherapy has revolutionized medical oncology with unprecedented advances in cancer treatment 
over the past two decades. However, a major obstacle in cancer immunotherapy is identifying appropriate tumor-specific 
antigens to make targeted therapy achievable with fewer normal cells being impaired. The similarity between placentation 
and tumor development and growth has inspired many investigators to discover antigens for effective immunotherapy of can-
cers. Placenta-specific 1 (PLAC1) is one of the recently discovered placental antigens with limited normal tissue expression 
and fundamental roles in placental function and development. There is a growing body of evidence showing that PLAC1 is 
frequently activated in a wide variety of cancer types and promotes cancer progression. Based on the restricted expression 
of PLAC1 in testis, placenta and a wide variety of cancers, we have designated this molecule with new terminology, can-
cer–testis–placenta (CTP) antigen, a feature that PLAC1 shares with many other cancer testis antigens. Recent reports from 
our lab provide compelling evidence on the preferential expression of PLAC1 in prostate cancer and its potential utility in 
prostate cancer immunotherapy. PLAC1 may be regarded as a potential CTP antigen for targeted cancer immunotherapy 
based on the available data on its promoting function in cancer development and also its expression in cancers of different 
histological origin. In this review, we will summarize current data on PLAC1 with emphasis on its association with cancer 
development and immunotherapy.
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ERα	� Estrogen receptor alpha
EVT	� Extravillous trophoblast
ICC	� Immunocytochemistry
IF	� Immunofluorescence
IHC	� Immunohistochemistry
KGF	� Keratinocyte growth factor
LT	� Large T antigen
LXR	� Liver X receptor
miR	� MicroRNA
NICD	� Notch1 intracellular domain
Non-X CTA​	� Non-X chromosome-linked cancer–testis 

antigen
NSCLC	� Non-small cell lung cancer cells
PLAC1	� Human placenta-specific 1 gene/transcript
PLAC1	� Human placenta-specific 1 protein
Plac1	� Mouse placenta-specific 1 gene/transcript
Plac1	� Mouse placenta-specific 1 protein
PPARδ	� Peroxisome proliferator-activated 

receptor-δ
PR	� Progesterone receptor
PTM	� Post-translational modification
RB	� Retinoblastoma protein
RT-qPCR	� Reverse transcription–quantitative polymer-

ase chain reaction
RXRα	� Retinoid X receptor alpha
siRNA	� Small interfering RNA
SOX2	� SRY-related HMG 2 box
Sp1	� Specificity protein 1
STB	� Syncytiotrophoblast
TAA​	� Tumor-associated antigen
Tp53	� Human tumor protein p53
TSA	� Tumor-specific antigen
WB	� Western blot
X-CTA​	� X chromosome-linked cancer–testis antigen
ZP	� Zona pellucida

Introduction

A major health complication, cancer is one of the leading 
causes of mortality in the world. Uncontrolled growth of 
malignant tumors creates damage and functionally impairs 
normal tissues. Defects in the regulation of cell prolifera-
tion, resistance to apoptotic death, ability to invade host tis-
sues, metastasis to distant sites and evasion of host immune 
defense mechanisms reflect the malignant phenotype of 
cancers [1].

To date, various “target non-specific strategies” ranging 
from surgery and radiotherapy to chemotherapy have been 
employed to overcome cancer. All these therapeutic modali-
ties are associated with off-target effects in normal tissues 
as well, albeit to different degrees. With the emergence 
of immunotherapy and taking advantages of efficacy and 

specificity of the immune system, the paradigm of cancer 
treatment has been revolutionized during the past two dec-
ades. However, a major obstacle in cancer immunotherapy 
is targeting tumor-specific antigens, making targeted therapy 
achievable with less normal cell impairment.

In 2009, the US National Cancer Institute proposed the 
criteria for prioritization of cancer antigens based on func-
tional importance including therapeutic function, immu-
nogenicity, role of the antigen in oncogenicity, specificity, 
expression level and percentage of antigen-positive cells, 
stem cell marker expression, number of patients with anti-
gen-positive cancers, number of antigenic epitopes, and cel-
lular location of antigen expression [2]. Up to now, there is 
no ideal cancer antigen possessing all criteria mentioned 
above despite tremendous efforts that are being made to 
discover new tumor targets achieving the most desirable 
properties for cancer immunotherapy. Tumor-associated 
antigens (TAAs) [3], tumor-specific antigens (TSAs) [3, 4], 
and cancer–testis antigens (CTAs) [5, 6] are the main classes 
of tumor antigen categories employed so far for targeted 
immunotherapy of cancers. TAAs are expressed in both nor-
mal and cancer cells. TSAs are expressed in tumor cells but 
not in normal cells and CTAs are expressed in gametes and 
trophoblasts and in many types of cancer but not in normal 
somatic cells [7]. Due to the fact that TAAs are expressed in 
tumor tissues as well as normal cells, their targeting might 
result in autoimmune diseases and immunologic tolerance 
[5, 8]. Although TSAs are bona fide targets for cancer immu-
notherapy and their discovery is quite critical, unfortunately, 
the number of true TSAs is rather limited. Based on the 
expression profile of CTAs, there is less concern in target-
ing them due to their limited expression in healthy tissues, 
their expression in non-critical tissues or being present in 
a limited period of life. In this regard, CTAs have been the 
focus of many researchers in the field of cancer biology/
immunotherapy during the past couple of years with encour-
aging results [6, 9].

Many similarities exist between placentation and growth 
of cancer cells. In a manner similar to malignant cells, pla-
cental trophoblasts migrate within the uterus and invade the 
vasculature to nourish the developing fetus [10]. Downregu-
lation of the immune system is another feature of placenta-
tion common with most cancers [11]. As with many cancer 
types, in contrast to the majority of human somatic tissues, 
human placenta displays telomerase activity [12]. Another 
similarity between normal placentation and cancer is the 
existence of aneuploidy during placenta and cancer devel-
opment [13] even with such epigenetic changes as selective 
hypermethylation [14]. Therefore, identifying common anti-
gens between the placenta and cancer cells could be viewed 
as one justifiable approach to discovering antigens for 
effective immunotherapy of cancers. This point of view was 
initially presented by Dr. John Beard in the late nineteenth 
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century who proposed the idea of similarity between tumors 
and placentation [15] which was later reiterated by Dr. Lloyd 
Old who presented his idea of “Cancer is a Somatic Cell 
Pregnancy” in an editorial in 2007 [16].

Placenta-specific 1 (PLAC1) is one of oncoplacental 
genes introduced by Cocchia et al. [17]. It is a member of 
CTAs and in humans encodes a small protein containing 
212 amino acids [17] which is expressed primarily in cells 
of trophoblastic lineage and exerts a fundamental role in 
placental function and development [18–21]. In spite of 
this placenta-specific expression pattern, there is a growing 
body of evidence showing that PLAC1 is frequently acti-
vated and expressed in a wide variety of cancers includ-
ing breast [22–26], lung [22–24, 27, 28], liver [23, 27, 29], 
colon [23, 24, 27, 30–32], stomach [22, 33, 34], ovary [22, 
35, 36], uterus [37, 38], cervix [23, 39], and pancreas [40]. 
Recently, using tissue microarray, we showed the increased 
expression of PLAC1 in a stepwise manner from benign 
prostatic hyperplasia to prostate carcinoma, which expressed 
the highest levels of the molecule. In the majority of normal 
tissues, however, PLAC1 expression was not detectable [41].

There is limited data on the mechanistic role of PLAC1 
in pathogenesis of cancer. Using knockdown experiments, 
Koslowski et al. showed that PLAC1 is involved in breast 
cancer cell proliferation, invasion and migration [22]. Based 
on preliminary data on its promoting function in cancer 
development and its expression in cancers of different his-
tological origin, PLAC1 has been regarded as one of the 
potential CTAs for targeted cancer immunotherapy.

In this review, an overview will be provided on the 
PLAC1 molecule and current data summarized from our 
group as well as others with an emphasis on the importance 
of PLAC1 in cancer immunotherapy development.

PLAC1 molecule

Genomic organization of human and mouse PLAC1/
plac1 gene

In humans, PLAC1 maps  65  kb telomeric to hypoxan-
thine–guanine phosphoribosyl transferase (HPRT) at Xq26. 
The mouse orthologue, Plac1, maps to the equivalent 
region of the mouse X chromosome [17]. The original study 
revealed that the human PLAC1 gene had three exons in 
which the last exon is responsible for protein coding [17]. 
Later, Chen et al. showed that PLAC1/plac1 of human and 
mouse origins contained six exons; with the last exon func-
tioning as the protein-coding exon. A segment upstream to 
the first exon includes one active promoter (P1). A second 
promoter (P2) discovered earlier, is located just upstream to 
exon 4. Transcripts starting at P1 always include exons 5 and 

6 and may include exons 1, 2 or 3 but always skip exon 4; 
whereas transcripts originating from P2 exclusively include 
exons 4, 5 and 6 (Fig. 1) [42].

Sequencing analysis of the mouse plac1 and the human 
PLAC1 genes revealed 75% and 60% identity at the nucleo-
tide and amino acid levels, respectively [17]. Calculation 
of the ratio of nonsynonymous (dN) and synonymous (dS) 
mutation rates, dN/dS, to investigate the evolutionary selec-
tion of PLAC1 among 25 species provided convincing evi-
dence on purifying selection of PLAC1 throughout the pro-
cess of mammalian development [43]. This feature along 
with the divergent expression of PLAC1 in mammals of 
different species highlights the fundamental role of PLAC1 
in the developmental process. To find the potential origin 
of PLAC1 gene, the consensus first 119 amino acids (out 
of 212) of human PLAC1 nucleotide sequence was assem-
bled in silico and used to examine the genomes of several 
non-placental and placental species. Results showed that the 
non-placental species lacked a sequence or sequence frag-
ments that could be considered as ancestral PLAC1, while 
the results of such analysis suggested that PLAC1 arose de 
novo in the placental mammalian genome. Based on phy-
logenic data, thoroughly analyzed by Devor, it seems that 
PLAC1 has emerged some 165 million years ago [44].

Regulatory mechanisms of PLAC1/plac1 gene 
expression

Great efforts have been made to understand the regulatory 
mechanisms of PLAC1 expression and in this regard, dif-
ferential usage of P1 and P2 promoters in different tissues 
has been the subject of considerable amounts of research. 
P1 and P2 promoters are activated by retinoid X receptor 
alpha (RXRα) in conjunction with liver X receptor (LXRα 
or LXRβ) in both mice and humans [42]. Reverse Transcrip-
tion-quantitative Polymerase Chain Reaction (RT-qPCR) 
and fluorescent reporter assay have revealed differential 
P1 and P2 promoter usage in placenta, tumors, and several 
cancer cell lines [37, 38, 42]. While in human placenta, the 
P2 promoter is preferentially utilized for the initiation of 
transcription, the P1 promoter is predominantly favored in 
tumors, cell lines, and human fetal tissues [38]. In human 
and mouse placenta, transcripts from both promoters can be 
traced, but transcripts from P2 were found to be eightfold 
and tenfold more abundant than those from P1 in human 
and mouse placenta, respectively. There is a great variabil-
ity of promoter usage in human cancer cell lines. In cho-
riocarcinoma cell lines BeWo, JEG-3, and JAR the P1 is 
preferentially used, while the breast cancer cell line MCF-7, 
uses the P2 [38, 42]. Similarly, the P1 promoter preferen-
tially contributes to the transcription of PLAC1 in all endo-
metrial tumors, but in endometrial cancer cell lines, there 
is a mixture of P1-driven and P2-driven transcripts [37]. 
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The rationale behind the differential usage of P1 vs. P2 by 
different cells is not clear at present. It is well established 
that a gene transcript originating from different promoters 
shows different stabilities [45]. Such phenomena may reflect 
the differential utilization of PLAC1 promoters. Indeed, the 
aforesaid data indicate that besides endogenous factors, epi-
genetic factors are also involved in the regulation of PLAC1 
promoter usage. In particular, different transcription factors 
available at different microenvironments, the extent of pro-
moter hypermethylation, responsiveness to steroid hormones 
as well as the ease for transcription from a certain promoter 
could also be regarded as the basis for PLAC1 promoter 
switching in different organs and cells.

Chen et al. [46] showed that the expression of PLAC1 
was activated in SV40-transformed primary cell lines. Fur-
ther transient transfection experiments with large T antigen 
(LT) of SV40 showed that the human tumor protein p53 
(Tp53) and the retinoblastoma protein (RB) regulate PLAC1 
P1 promoter activity. In the presence of LT, endogenous 
Tp53 forms a stable complex with LT; hindering Tp53 to 
occupy PLAC1 P1 promoter leading to PLAC1 gene activa-
tion. Regarding the regulatory role of RB, PLAC1 P1 pro-
moter was found to be activated when RB was transfected 
into BeWo cells. Tp53 occupies P1 promoter, whereas RB 
shows no direct interaction with the P1 promotor; RB acts in 
correlation with the nuclear receptor LXR and co-activator 
NCOA2. Chen et al. also showed that PLAC1 P1 promoter 

was normally enriched by histone 3 lysine 9 (H3K9) and his-
tone 3 lysine 27 (H3K27) tri-methyl modifications in IMR-
90 and WI38 cells, consistent with a repressed promoter 
status. Upon SV40 early region transfection to IMR-90 and 
WI38 cells, the promoter was depleted from these methyla-
tions, as expected for transcriptional activation. However, 
no significant changes in histone acetylation status were 
observed [46]. In spite of this as well as the findings show-
ing that several germ cell and trophoblast-specific genes in 
cancer cells were activated in the presence of demethylat-
ing agents such as 5-aza-2′-deoxycytidine [6, 47–50], it was 
reported that PLAC1 expression was not induced by 5-aza-
2′-deoxycytidine treatment [22]. To explain this discrepancy, 
Chen et al. [46] found that PLAC1 gene was suppressed in 
the presence of Tp53, although demethylation of the pro-
moter occurred following SV40 early region transfection.

Notably, several cancer cell lines that express PLAC1 
carry mutations in Tp53. There are, however, examples 
of cell lines that carry Tp53 mutation(s) but express very 
low levels of PLAC1 (for example, MOLT4 and U251) 
[23]. Not all mutations in Tp53 might affect its binding to 
PLAC1 P1 promoter and consequently lead to activation of 
PLAC1 in cancer cells. For instance, in serous ovarian and 
papillomavirus 16/18-positive cervical tumors, the wild-
type Tp53 is associated with PLAC1 transcription repres-
sion, whereas the mutant Tp53 protein activates PLAC1 
transcription that is particularly initiated from P1 promoter 

Fig. 1   The genomic organiza-
tion, transcripts and protein 
structure of human PLAC1. 
PLAC1 gene is located on 
chromosome Xq26 and contains 
six exons and two promoters, P1 
and P2. P1 and P2 are located 
just upstream to exons 1 and 4, 
respectively. Transcripts initiat-
ing at P1 always include exons 
5 and 6 and may include exons 
1, 2 or 3 but always skip exon 
4; however, transcripts starting 
from P2 exclusively include 
exons 4, 5 and 6. The last exon 
(exon 6) encodes a putative 
protein consisting of 212 amino 
acids. PLAC1 protein has a 
large extracellular portion 
containing a truncated zona pel-
lucida (ZP) domain that ranges 
from amino acids 29–116
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[36, 39]. In this regard, more investigations are required 
to explore the nature of the mutations in Tp53 that have 
an impact on its repressor activity on PLAC1 P1 promoter.

Transcription factors, CCAAT/enhancer-binding pro-
tein β-2 (C/EBPβ-2) and specificity protein 1 (Sp1) are 
required for activation of the PLAC1 P2 promoter in 
SK-BR-3, MCF-7, and MDA-MB-231 breast cancer 
cell lines [51]. Using RT-qPCR and Western blot (WB) 
analyses, it was found that estrogen receptor alpha (ERα)-
positive tumors and ERα-positive MCF-7 breast can-
cer cells express relatively significantly higher levels 
of PLAC1 than ERα-negative tumors and ERα-negative 
MCF-7 breast cancer cells, respectively. In detail, it was 
observed that ERα-bound 17β-estradiol could activate 
PLAC1 expression from the P2 promoter by the tethering 
of ERα to DNA-bound C/EBPβ-2, SP1, and NCOA3 [51, 
52]. Upon 17β-estradiol treatment, specific employment 
of histone acetyl transferases p300, P300/CBP-associated 
factor (PCAF), general transcription factor IIB (TFIIB), 
and RNA polymerase II (Pol II) to the PLAC1 P2 pro-
moter was observed [52]. Later, Nagpal et al. demonstrated 
that estrogen induces miR (microRNA)-191 expression 
through dynamic binding of ERs to the estrogen response 
element (ERE) in the promoter of miR-191. Additionally, 
hypoxia and serum starvation induce miR-191 expression 
in MCF7 (ER-α+/β−) cells. Overexpression of miR-191 
resulted in downregulation of special AT-rich sequence-
binding protein-1 (SATB1) in MCF7 cells leading to 
PLAC1 overexpression [53].

In a transgenic mouse model, Plac1 transcription was 
upregulated by the expression of peroxisome proliferator-
activated receptor-δ (PPARδ) through endogenous or syn-
thetic PPARδ ligands in ER+, progesterone receptor positive 
(PR+), and ErbB2− mammary infiltrating ductal carcinoma 
[54]. PPARδ is a nuclear receptor which activates transcrip-
tion of a variety of target genes by binding to the specific 
DNA elements. It has been shown that the C/EBPβ-driven 
transcription of PLAC1 via P2 promotor is associated with 
PPARδ [54, 55]. Although the PLAC1/Plac1 P1 promoter 
is upregulated by LXR and RXRα, the direct involvement of 
PPARδ with LXR and RXRα has not yet been investigated. 
Also, it was reported that peroxisome proliferator-activated 
receptor-γ (PPARγ) and vitamin D receptor had no detect-
able effects on PLAC1/plac1 P1 promoter [42].

SRY-related HMG 2 box (SOX2) is another candidate 
gene for the regulation of PLAC1. SOX2 encodes a member 
of the SOX family of transcription factors which is expressed 
in normal gastric mucosa but is frequently downregulated in 
human gastric cancer tissues and cell lines [56, 57]. Otsubo 
et al. showed that PLAC1 expression was significantly up-
regulated by SOX2 knocking down using miR-126 and 
small interfering RNA (siRNA) in a gastric cancer cell line, 
HSC43 [58].

The effect of growth factors in the regulation of PLAC1 
expression has also been investigated. Fant et al. showed 
that keratinocyte growth factor (KGF) stimulated PLAC1 
expression in BeWo cells [59]. KGF stimulation was sig-
nificantly inhibited by PD-98059 and wortmannin suggest-
ing mediation of KGF effect through MAP kinase and PI-3 
kinase-dependent signaling pathways [60], whereas, insulin-
like growth factor II (IGF-II) [59] and epidermal growth 
factor (EGF) [60] were not able to modulate PLAC1 expres-
sion. In another study, it was shown that RNA interference-
mediated PLAC1 silencing in MCF-7, BT-549, Bel-7402, 
and HepG2 significantly reduced cyclin D1 transcript and 
protein expression [22, 29]. This finding was in line with 
reports showing that activation of the PLAC1 P2 promoter 
in SK-BR-3, MCF-7, and MDA-MB-231 breast cancer cells 
by C/EBPβ-2 resulted in selectively activation of cyclin D1 
[51]. In addition, it was revealed that 17β-estradiol, that acti-
vates PLAC1 expression through a non-classical pathway by 
P2 promoter, [51, 52] induced Cyclin D1 expression [61]. 
Cyclin D1 is a major regulator of the G1-S progression of 
the cell cycle. Cyclin D1 expression is controlled through a 
phosphatidylinositol 3-kinase (PI3K)/AKT-dependent path-
way [62, 63]. Moreover, siRNA-mediated PLAC1 silencing 
or PLAC1 blockade by anti-PLAC1 antibody (Ab) resulted 
in a reduction of phosphorylated protein kinase B (PKB), 
also known as Akt, levels [22, 28, 29]; suggesting that AKT 
kinase activation is involved in the execution of down-stream 
effects of PLAC1. Taken together, it may be concluded that 
PLAC1 expression is significantly regulated by MAP kinase 
and PI-3 kinase-dependent signaling pathways. PLAC1 
mRNA level is increased during in vitro differentiation of 
cytotrophoblast (CTB) to syncytiotrophoblasts (STBs) [60, 
64] indicating involvement of the same signaling pathways 
for PLAC1 expression in the CTB differentiation process.

Most of the studies mentioned above have dealt with the 
regulation of PLAC1 gene expression. Whether or not an 
expression of PLAC1 at the protein level is also influenced 
in parallel by the aforesaid regulators, needs further investi-
gations, although Koslowski et al. showed that PLAC1 pro-
tein levels in breast cancer specimens correlated well with 
its corresponding transcript levels [22].

PLAC1 protein structure and topology

The human PLAC1 gene encodes a putative protein con-
sisting of 212 amino acids, whereas the mouse plac1 gene 
encodes a highly homologous but shorter product with 173 
amino acids [17]. In silico analysis of membranous topol-
ogy of the PLAC1 sequence predicted a type II membrane 
protein with a short N-terminal intracellular component, 
a single transmembrane helix spanning amino acids 5–22 
and a large extracellular domain composed of amino acids 
23–212. Amino acids 29–119 of the extracellular portion of 
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PLAC1 represent a truncated zona pellucida (ZP) domain 
(Fig. 1) [22]. Human PLAC1 contains four putative O-gly-
cosylation sites and five potential phosphorylation sites [65]. 

Different molecular weights have been reported so far for 
PLAC1 including 24 KD [66], 25.6 KD [30], 26 KD [22], 
27 KD [67], and 28–30 KD [65] which, besides technical 
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variations, can be attributed in part to the potential differ-
ent post-translational modifications (PTM) in different cells. 
Although not yet specified, the presence of different iso-
forms cannot be excluded.

The ZP domain which is found in a variety of extracel-
lular exposed receptor-like proteins, including transform-
ing growth factor-β (TGF-β) receptor type III, uromodulin 
and glycoprotein GP2 [68], is a sequence of approximately 
260 amino acids [69]. Based on the number of highly con-
served cysteine residues, the ZP domain is classified into 
two classes, type I and II. Type Ι ZP domains such as ZP3 
possess 8 highly conserved cysteine residues, whereas type 
ΙΙ ZP domains (ZP1 and ZP2) have 10 conserved cysteine 
residues. In addition, the ZP domain consists of two subdo-
mains: the N-terminal subdomain (ZP-N) and the C-terminal 
subdomain (ZP-C) [70]. The ZP domain of PLAC1 bears a 
significant degree of homology to the N-terminal subdomain 
of sperm receptor, ZP3 [17]. The ZP3-like region classifies 
PLAC1 as a cell adhesion molecule and suggests that it can 
mediate strong protein binding interactions [71]. Jovine et al. 
showed that E. coli-produced recombinant ZP3-N domain of 
mouse plac1 is able to fold independently and form homodi-
mers consisting of two and four molecules of plac1 [71].

In an attempt to optimize the production of full-length 
human PLAC1 protein in prokaryotic systems, we overex-
pressed recombinant human PLAC1 using an expression 
matrix consisting of two expression vectors, five different 
E. coli hosts, and five solubilization conditions. Using Cir-
cular Dichroism (CD) we found that the secondary structure 
of PLAC1 consisted of 11.2% alpha-helix, 53% beta-sheets 
and turns, and 35.8% random structures. Ellman method also 
showed PLAC1 to contain four cysteine residues involved in 
disulfide bridges [72].

Phylogenic analyses of PLAC1 coding sequence and its 
amino acid translation in 54 placental mammalian species 
have represented thus far, twelve crown orders [44]. Moreo-
ver, 0–10 amino acid consistency scoring of PLAC1 among 
25 species using PRofile ALIgNEment (PRALINE) [73, 74], 
a multiple sequence alignment application, showed that pro-
tein sequence conservation was highest in the 23 residues of 
the transmembrane domain (averaging 9.3 ± 1.2) and in the 
63 residues of the ZP3 domain (averaging 8.7 ± 1.2) indi-
cating that these regions of the molecule were functionally 
important. In contrast, the 23 residues of the signal peptide 
(averaging 7.0 ± 1.1) and the variable length C-terminal 
region (averaging 4.0 ± 2.7) were less conserved [43].

Expression profile of PLAC1

PLAC1 expression in normal cells and tissues

Most of the studies on PLAC1 expression in non-cancerous 
tissues of humans and mice at both gene and protein levels 
have been mainly focused on placenta. Cocchia et al. demon-
strated that Plac1 transcript was expressed in ectoplacental 
cone, giant cells, and labyrinthine trophoblasts of mouse 
placenta from 7.5 days post coitum (d.p.c.) to 14.5 d.p.c 
by in situ hybridization. On 14.5 d.p.c., when the mouse 
placenta was structurally complete, only a weak expression 
of Plac1 was observed in the trophoblast giant cells [17]. 
This pattern is somehow different from human placenta in 
which a considerable expression of PLAC1 is still observed 
in the term syncytiotrophoblasts (authors’ own observa-
tions). These findings were recently extended by Gu et al. 
who showed plac1 expression in murine placental spongio-
trophoblast layer and glycogen trophoblast cells [75]. Shi 
et al. [76] recently showed that plac1 protein was expressed 
in murine oocytes. Their finding suggests that plac1 is essen-
tial for oocyte meiosis and fertilization. Kong et al. showed 
that Plac1 mRNA was localized to the hindbrain and lateral 
ventricles of wild-type embryos and its expression in murine 
fetal brain was remarkably decreased after birth. Moreover, 
Plac1 transcript was found to be expressed in fetal tissues 
including lungs, kidney, intestine, liver, and heart. They also 
showed by immunohistochemical staining that Plac1 protein 
was localized to the apical surface of the epithelial cells lin-
ing, the developing airways of the lung and proximal renal 
tubules in mouse embryos [77].

In humans, PLAC1/PLAC1 expression is mainly 
restricted to placenta where high expression of this molecule 
is observed (Fig. 2a) [22–24, 27, 35, 66, 78]. Using high 
throughput transcript expression profiling systems such as 
Affymetrix and RNA-Seq, expression of PLAC1 with rela-
tively very low expression rank score in oocyte, adrenal tis-
sue, testis, kidney, heart (https​://bgee.org), dental pulp stem 

Fig. 2   PLAC1 expression and function in placenta and cancer, 
PLAC1 is expressed by cytotrophoblasts (CTB), syncytiotrophoblasts 
(STB) and extravillous trophoblasts (EVT) and is associated with 
cell proliferation, differentiation and migration. PLAC1 is known 
to play a key role in placental development (a). PLAC1 is also re-
expressed in several solid tumors and in most human cancer cell lines 
and promotes cancer cell proliferation. Expression of PLAC1 is also 
a triggering factor for enhanced migration of cancer cells that have 
undergone epithelial-mesenchymal transition (EMT) process through 
downregulation of E-cadherin and upregulation of vimentin (b). 
PLAC1 blocking by specific antibodies or silencing by RNA interfer-
ence leads to cell cycle arrest in cancer cells through AKT and reduc-
tion of phosphorylated protein kinase B (PKB) and cyclin D1 levels 
which eventually leads to cell cycle arrest (c). PLAC1 expression in 
cancer cells induces cellular and humoral immune responses. Anti-
gen-presenting cells (APC) endocytose cancer apoptotic bodies and 
present PLAC1-derived peptides to T cells which subsequently leads 
to induction of PLAC1-specific cytotoxic T cells (CTL) and antibody 
responses. CTLs kill PLAC1+ cancer cells by releasing cytotoxic lytic 
granules and anti-PLAC1 antibodies impair cancer cell proliferation 
and induce their apoptosis. It is, however, not clear to what extent 
anti-PLAC1 immune responses are effective in cancer control in vivo 
(d)

◂

https://bgee.org
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cells, epidermal keratinocyte and eye cells (https​://genev​isibl​
e.com) has been predicted.

PLAC1 transcript is specifically expressed in trophoblast 
cells at all stages of gestation from weeks 8 to 41. No expres-
sion of PLAC1 was observed in stromal compartment or 
maternal decidua [59].

Using Northern blot analysis, PLAC1 mRNA was 
detected in placenta as a single 1.7 kb transcript [59], but no 
PLAC1 transcript was observed in adult spleen, thymus, tes-
tis, prostate, ovary, small intestine, colon, peripheral blood 
leukocytes, liver, kidney, heart, brain, pancreas, and skeletal 
muscles [17, 59]. Contrary to this report, Wang et al. showed 
that PLAC1 message was expressed in adult brain cerebel-
lum [24]. There is a great inconsistency regarding PLAC1 
expression in human fetal tissues. In preliminary studies, no 
PLAC1 expression was reported by Northern blot analysis in 
a variety of fetal tissues including fetal brain, liver, kidney, 
and lung [59]. The absence of PLAC1 expression in fetal tis-
sues as reported by Fant et al. could be attributed to the low 
sensitivity of the method they employed. A subsequent study 
using RT-qPCR amplification demonstrated that PLAC1 was 
expressed in a variety of human fetal tissues including fetal 
brain, heart, liver, and kidney [38].

There is a very limited set of data regarding the expres-
sion of PLAC1 protein in human tissues. Except for pla-
centa, there are some reports showing the expression of 
PLAC1 protein in human testis. Notably, Silva et al. [23] 
reported the expression of PLAC1 protein in human tes-
tis by IHC, a finding which was subsequently confirmed 
by a report of PLAC1 transcript in human testis [24]. We 
and other researchers have shown that PLAC1 protein was 
localized to STB and villous CTBs by immunohistochem-
istry (IHC) and immunofluorescence (IF) staining [27, 60, 
64–66, 78]. The circulating form of PLAC1 protein has not 
been detected in maternal serum, fetal cord blood serum and 
amniotic fluid by immunoblot experiments [65]. Although 
the expression of PLAC1 by proteomics approach has been 
predicted in esophagus, ovary and colonic epithelial cells 
(https​://www.prote​omics​db.org), this needs to be confirmed.

Regarding a relatively fast growing interest observed 
in PLAC1 as a potential target in cancer immunotherapy, 
one main concern is whether the PLAC1 protein can be 
expressed in normal adult human tissues. In fact, there is 
a great paucity of data in this regard. The only available 
data is the absence of PLAC1 protein expression in normal 
human prostate [41, 66], endometrium, and lymph node 
[66]. Nonetheless, there is an urgent need for studies focus-
ing on PLAC1 expression in human vital tissues.

PLAC1 expression in cancer cells and tissues

Expression of PLAC1 has been extensively investigated in 
human cancer cell lines. Using RT-qPCR, Silva et al. showed 

that PLAC1 was differentially expressed in a panel of 74 
tumor cell lines. In this study, cell lines of breast, cervix, 
colon, liver, lung, and prostate cancers highly expressed 
PLAC1 (> 10% of basal PLAC1 expression in placenta), 
whereas melanoma, multiple myeloma, choriocarcinoma, 
and neuroblastoma cell lines showed low PLAC1 expres-
sion (< 10% of basal PLAC1 expression in placenta) [23]. 
PLAC1 transcript was also reported to be expressed in 22 
of 40 tumor cell lines from different origins [22]. Among 
five hepatocellular carcinoma (HCC) cell lines, BEL-7402, 
BEL-7405, SMMC-7721, HepG2, and HLE, PLAC1 tran-
script was expressed in BEL-7402, SMMC-7721, HepG2, 
and HLE. In the same study, expression of PLAC1 in LX-1 
(lung), G1-112 (colon) and CX-1 (colon) was also reported 
[27]. PLAC1 expression in breast cancer cell lines, MCF7 
and MDA-MB-231 has also been reported [79]. Notably, 
Wang et al. showed that PLAC1 was highly expressed in 
MDA-MB-231, a highly aggressive and invasive breast 
cancer cell line, whereas relatively lower expression was 
observed in the less aggressive breast tumor line, MD-MB-
361 [24]. From 19 colorectal cancer cell lines, 31% showed 
positive PLAC1 expression [31]. Recently, Yang et  al. 
showed that PLAC1 was expressed in several lung cancer 
cell lines including PC-9, SPC-A1, H1299, A549, H1650, 
H520, and SK-MES-1 [28]. Reportedly, EBV transformation 
affects PLAC1 expression. Wang et al. showed that PLAC1 
was expressed approximately 6.5-fold higher in EBV posi-
tive compared to EBV negative Burkitt’s lymphoma cell line 
MutuI [24].

Only a few reports on the PLAC1 expression at the pro-
tein level exist so far. Using WB, the expression of PLAC1 
was found to be positive in HCC cell lines, HLE, Bel-7402, 
SMMC-7721, HepG2, and Huh7 [29]. Using WB and flow 
cytometry, we recently showed the expression of PLAC1 in 
prostate cancer cell lines, LNCaP, DU145, and PC3 [67]. 
We also showed PLAC1 to be expressed in LNCaP, Caov4, 
MCF7, MDA-MB-231, T47D, PC3, and SKOV-3 cancer cell 
lines using immunocytochemistry (ICC) [66]. Expression of 
PLAC1 in colorectal cancer cell lines is, to a great extent, 
cell-line-dependent. For instance, SW480 [30] and LS180 
[67] cells did not express PLAC1, while SW620 showed a 
positive PLAC1 expression using ICC [30]. As with other 
TAA molecules, these data suggest a great variability of 
PLAC1 expression even in cancer cells from the histologi-
cally same origin and indicate that heterogeneity of cancer 
cells influences PLAC1 expression. Highly invasive SW620 
colorectal cancer cells are PLAC1+, while SW480 cells with 
lower invasive capacity do not express PLAC1 indicating 
a potential correlation between PLAC1 expression and the 
metastatic capacity of cancer cells. The same feature is also 
observed in the case of highly metastatic MDA-MB-231 and 
less invasive SK-BR-3 breast cancer cells (authors’ unpub-
lished data). Indeed, the variability of PLAC1 expression 

https://genevisible.com
https://genevisible.com
https://www.proteomicsdb.org
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level in different cancer cell lines ranges from few percent 
to as much as 95% of the cells (authors’ personal data). We 
have also shown that the expression of PLAC1 in a given cell 
line may vary depending on the culture condition. This fea-
ture warrants further investigation on whether or not expres-
sion of PLAC1 is influenced by tumor environmental factors 
such as cell density, pH and oxygen tension.

PLAC1/PLAC1 expression in human tumor tissues has 
been extensively investigated. Although in some reports, the 
expression frequency of PLAC1 for the same tumor type is 
relatively consistent, a great heterogenicity exists in other 
cases. This variability could be attributed to different con-
founding factors: different tumor grades, number of samples 
and the most important factor: technical issues such as the 
using different primer sequences by different groups and the 
type of Abs which can affect the sensitivity and specific-
ity of detection. So far, the expression of PLAC1 transcript 
and protein across different cancer types has been reported 
including breast [22, 25, 26], liver [27, 29], lung [22, 23, 
28], gastric [33, 34], colorectal [27, 30–32], ovarian [35, 
36], endometrium [37], cervix [39], prostate [41], and pan-
creas [40] cancers (Table 1). Based on the available reports, 
cancer tissues of breast [22], ovary [35, 36], endometrium 
[37], cervix [39], and prostate [41] are among the tissues 
with the highest PALC1/PLAC1 expression. Notably, the P2 
promoter of PLAC1 is estrogen responsive [51], indicating 
that P2-driven PLAC1 expression is expectable in such hor-
mone-sensitive tumors. It would be of great interest to test 
the extent of PLAC1 expression in testicular cancers as well. 
Based on the information presented above, it might be safe 
to assume that PLAC1 could be regarded as a potential can-
cer immunotherapy target for cancers of urogenital origin.

The presence of PLAC1/PLAC1 molecules in patient 
sera has also been investigated as a non-invasive screening 
tool for the detection of cancer. In this regard, Guo et al. 
investigated the expression of PLAC1 along with nine other 
CTAs to detect circulating tumor cells (CTCs) in periph-
eral blood mononuclear cell (PBMC) fraction of 51 HCC 
patients using RT-qPCR. The overall positive detection rate 
for the 10 tested CTAs in general and PLAC1, in particu-
lar, were 70.6% and 19.6% (10/51) of patients, respectively 
[80]. Also, the presence of PLAC1 protein in preoperative/
pretreatment breast cancer sera was analyzed. It was shown 
that the mean plus one standard deviation (mean + SD) of 
serum PLAC1 level exceeded in 67% of subjects with ductal 
carcinoma in situ (DCIS), 67% of HER2-positive, 73% of 
triple-negative, and 73% of estrogen-positive/progesterone-
positive (ER+/PR+) breast cancer cells [25].

Based on its expression pattern in testis and in a wide 
variety of cancer tissues, Silva et al. [23] were the first to 
designate PLAC1 as cancer testis 92 (CT92). Although 
CTAs are basically classified as X chromosome-linked CTAs 
(X-CTA) and those that are encoded by non-X chromosomes 

(Non-X CTA) [81], there is a more practical classification 
[82] in which CTAs are divided into three categories based 
on their expression profiles: testis-restricted, testis/brain-
restricted and testis-selective. Transcripts of testis-restricted 
CTAs are present only in adult testis and no other normal 
adult tissues, except for placenta, while testis/brain-restricted 
CTAs have additional expression profile in other adult 
immunorestricted sites (all regions of the brain). Testis-
selective CTAs are expressed at a higher ratio in testis and 
placenta relative to normal tissues. Hofmann et al. showed 
that more than half of the CTAs are of testis-selective type, 
while 39 out of 153 CTAs belonged to the testis-selective 
category. Interestingly, most testis/placenta restricted CTAs 
are X-CTA indicating that this type of CTAs are under tight 
transcriptional control in somatic cells and reinforce their 
potential usefulness for therapeutic purposes.

Notably, expression of X-CTAs including MAGE-A3, 
MAGE-A4, MAGE-C1, NY-ESO-1, and GAGE proteins 
have also been documented in placental tissues. Accord-
ingly, MAGE-A3 and MAGE-A4 are expressed by cyto-
trophoblasts and syncytiotrophoblasts in most periods of 
human gestation, while expression of NY-ESO-1 and GAGE 
is mostly restricted to the first trimester [83] indicating that 
expression of CTAs in placenta is spatio-temporally regu-
lated. This feature highlights the differential function of dif-
ferent CTAs during placental development.

These findings imply that most CTAs are expressed in 
placenta. Although the term “cancer testis” describes the 
specific pattern of expression of most of the CTAs, it does 
not specifically cover the majority of the CTAs, like PLAC1, 
which are also expressed in placental trophoblsts. The fact 
that the expression of most CT genes is restricted to cancers, 
gametes and trophoblast cells, suggests a common mecha-
nism operational in these cells. In this regard, we propose 
that the term “cancer–testis–placental antigens (CTP)” better 
describes such CT antigens as PLAC1 which, in addition to 
male germ cells and cancers, are also expressed by placental 
trophoblasts. Although the knowledge about the function of 
CTAs is still limited, there are reports implying the involve-
ment of CTAs in regulating the basic cellular processes 
such as apoptosis [84], cell cycle [85], transcription [86], 
proliferation [87] and susceptibility to cytokine effects in 
tumor cells [88]. In this regard, it is conceivable to imagine 
that those CT antigens expressed in placenta (CTP antigens) 
exert the very same function in placenta.

PLAC1 protein localization in normal and cancer 
cells

To get insight into the extent to which PLAC1 could be 
considered as a potential target for antibody-mediated can-
cer immunotherapy, localization of the molecule at sub-
cellular levels in both normal and cancer tissues has been 
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Table 1   PLAC1 expression in tumors and correlation with clinicopathological parameters

Cancer type Detection 
system

PLAC1 positive (%) Reported correlation with clinicopathological param-
eters

Refer-
ences

PCR WB IHC

Different cancer types + 86/225 (38%) PLAC1 expression did not correlate with histologic 
subtype, tumor stage or tumor grade

[22]
Breast + 51/62 (82%)

+ + NS
+ 97% NS [25]
+ NS PLAC1 expression positively correlates with clinical 

stage, lymph node metastasis, hormone receptor 
status, and overall patient survival

[26]

Hepatocellular + 22/69 (32%) NS [27]
+ 7/30 (23%)
+ 25/46 (54.3%) PLAC1 expression did not correlated with HBsAg 

positive results, serum alpha feto protein and cir-
rhosis

PLAC1 expression significantly correlated with 
metastasis of HCC

[29]

Lung + 21/50 (42%) PLAC1 expression did not correlate with histologic 
subtype, tumor stage or tumor grade

[22]

+ 119/156 (76.3%) NS [23]
+ + NS PLAC1 expression did not correlate with histologic 

subtype, sex and age
Higher PLAC1 expression levels significantly corre-

lated with patients’ poor prognosis, shorter survival 
time, TNM stage, and lymph node metastasis

PLAC1 protein levels were higher in the moderately- 
and poorly differentiated tumor tissues than those in 
the highly differentiated tumor tissues

[28]

Gastric + 14/28 (50%) NS [33]
+ 73/119 (61.3%) The overall survival of patients with PLAC1 expres-

sion was significantly lower than that of patients 
with PLAC1 negative tumors

[34]

Colorectal + 22 of 42 (47.6%) NS [27]
+ + 20 of 42 (47.6%) (PCR)

12 of 42 (28.6%) (IHC)
NS [30]

+ 10/78 (12.8%) PLAC1 expression significantly correlated with the 
overall stage

[31]

+ 55 of 95 (56.7%) PLAC1expression in poorly differentiated colorectal 
primary adenocarcinomas was significantly higher 
than that in well differentiated and moderately dif-
ferentiated adenocarcinomas

Higher PLAC1 expression significantly correlated 
with TNM stage and lymph node metastasis

[32]

Ovary + 21/101 (21%) The presence of PLAC1 did not have a statistically 
significant effect on recurrence-free and overall 
survival

[35]

+ 38/38 (100%) A significant negative relationship between PLAC1 
expression and patient survival exists in serous 
ovarian tumors

[36]

Endometrium + 24/24 (100%) PLAC1 expression was significantly higher in more 
advanced, more aggressive endometrial serous 
adenocarcinomas and carcinosarcomas than that in 
endometrioid adenocarcinomas

[37]

Cervix (papillomavirus (HPV) 
16/18 positive)

+ 16/16 (100%) Highest levels of expression were found in the more 
aggressive squamous and adenosquamous histo-
logic types compared with adenocarcinomas

[39]
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extensively studied. Subcellular fractionation of the whole 
placental tissue and PLAC1 tracing by WB showed that 
PLAC1 was localized to the microsomal fraction, suggesting 
a membranous location for the PLAC1 protein [65]. Con-
sistently, IHC staining by a rabbit anti-PLAC1 Ab against 
amino acids 125–212 [23] and a monoclonal anti-PLAC1 
Ab against amino acids 166–177 [66] showed that PLAC1 
was expressed on the plasma membranes of STBs and CTBs. 
Knocking down of PLAC1, using siRNA, revealed mem-
branous localization of PLAC1 in breast cancer cell lines, 
MCF-7 and BT-549, by IF staining [22]. In accordance with 
previous reports, using flow cytometry it was recently shown 
that PLAC1 was expressed on the cell surface of about 30% 
of prostate cancer cell lines LNCaP, DU145 and PC3 [67]. 
Additionally, it was shown that PLAC1 localized mainly on 
the plasma membrane of ovarian cancer cell line Caov-4, 
using ICC [66]. Surface expression of PLAC1 has also been 
reported in breast [22], colon [30], prostate [41], and liver 
[29] tumors by immunohistochemical methods. Neverthe-
less, due to the technical limitations, precise localization 
of proteins by immunohistochemical staining is difficult to 
achieve. In parallel, there are reports pointing to the PLAC1 
localization to cytoplasmic compartment of cancer cells and 
tissues [29, 30, 34, 40, 66]. Nuclear expression of PLAC1 
in colorectal adenocarcinoma tissues [32] and stomach 
adenocarcinoma [34] has also been reported (Tables  2, 
3). Using flow cytometry and IHC in a panel of 18 cancer 
cell lines from histologically different origins, it was found 
that the membrane expression of PLAC1 is not a ubiqui-
tous phenomenon and some cancer cell lines, despite hav-
ing positive signal in Western blotting, do not express this 
marker on the cell surface (unpublished data). The reason 
behind the heterogeneous localization of PLAC1 in different 
cells is not clear, yet. Based on the amino acid sequence of 
PLAC1 which contains a conserved signal sequence and a 

transmembrane domain representing type II integral mem-
brane protein (IMP) topology, membranous localization of 
PLAC1 through secretory pathways is predictable. Nonethe-
less, cytoplasmic and nuclear localization of PLAC1 may 
imply the existence of a set of PLAC1 isoforms which could 
be generated by alternative splicing or other PTMs. Indeed, 
more importantly, different localizations of PLAC1 in can-
cer cells may imply that PLAC1 expression machinery is 
differentially regulated and that PLAC1 may exert different 
functions in different cancer cells.

To sum up, it is safe to conclude that subcellular locali-
zation of PLAC1 is influenced to some extent by the ori-
gin of the target cell and the molecular machinery that is 
exploited for PLAC1 expression in different cell types.

PLAC1 function

PLAC1/plac1 function in placental development

Based on the expression profile of PLAC1 which is primar-
ily restricted to trophoblast lineage cells, Jackman et al. 
sought to determine if Plac1 was necessary for placental 
and embryonic development by examining a mutant mouse 
model (Fig. 2a). They showed that plac1 disruption caused 
placental hyperplasia and intrauterine growth restriction 
[20]. This finding was consistent with a study demonstrat-
ing that mouse Plac1 was downregulated in hyperplastic 
placenta caused by interspecies hybridization [19].

In contrast, Plac1 was found to be one of the up-regulated 
genes in the hyperplastic placenta generated by nuclear trans-
fer [18]. To explain this discrepancy, Muto et al. expressed 
plac1 to cover the Plac1 knockout placental dysfunction by 
lentiviral vector-mediated placenta-specific Plac1 transgene 
expression. They observed that Plac1 knocking out caused 

Table 1   (continued)

Cancer type Detection 
system

PLAC1 positive (%) Reported correlation with clinicopathological param-
eters

Refer-
ences

PCR WB IHC

Prostate + 154/154 (100%) PLAC1 expression was positively associated with 
Gleason score. In high grade prostatic tumor speci-
mens, PLAC1 expression negatively correlated with 
prostate specific antigen (PSA) expression

[41]

Pancreatic ductal adenocarci-
noma

+ 41/93 (44.1%) The frequency of PLAC1 positive patients was higher 
in poorly differentiated tumor group than those in 
the well-moderately differentiated tumor group

PLAC1 expression significantly associated with 
decreased overall survival

PLAC1 expression found to be an independent prog-
nostic biomarker in the perineural invasion positive 
subgroup

[40]

NS not specified
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placental hyperplasia with encroaching junctional zone, and 
morphological impairment of maternal blood sinuses in the 
labyrinth zone. Unexpectedly, Plac1 transduction into Plac1 
knockout blastocysts did not normalize placental hyperpla-
sia and encroachment of junctional zone into the labyrinth 
zone, while it caused improvement of the fetal development 
and the morphology of maternal blood sinuses in the laby-
rinth zone. Interestingly, Plac1 transduction into the wild 
type placenta resulted in placental hyperplasia without the 
encroaching of the junctional zone. These results clearly 
showed that fine-tuning of Plac1 expression level is needed 

for proper and normal placentation; hence deviation from 
this might result in abnormal placental growth and develop-
ment. Noteworthy, this study also highlighted and reinforced 
the importance of fetal Plac1 expression for normal placen-
tation and function. The authors concluded that Plac1 was 
involved in trophoblast cell proliferation, differentiation and 
migration [21]. Recently, using RT-qPCR Gu et al. showed 
that Plac1 transcripts increased during trophoblast stem cell 
differentiation [75].

Using a mutant mouse model, Suzanne et al. [20] inves-
tigated the parental origin of Plac1 expression. They 

Table 2   PLAC1 localization in human cancer cell lines

pAb polyclonal antibody, mAb monoclonal antibody, IF immunofluorescence, ICC immunocytochemistry

Cancer type Cell line Type of antibody Immunogen Staining 
technique

Reported localization References

Breast MCF-7 pAb aa:117–127 IF Cell membrane [22]
BT- 549
MCF-7 mAb aa:166–177 ICC Mainly cytoplasmic 

with some degree 
of cell membrane 
distribution

[66]
MDA-MB-231
T47D

Prostate LNCap Mainly cell membrane
PC3 Mainly cytoplasmic 

with some degree 
of cell membrane 
distribution

Ovary SKOV-3

Caov-4 Mainly cell membrane
Colon SW 620 pAb Recombinant protein expressed in E. coli 

or synthetic peptides (p117–128 and 
p188–200)

ICC Cytoplasmic [30]

Table 3   PLAC1 localization in human cancer tissues using IHC

pAb polyclonal antibody, NS not specified

Cancer type Type of 
antibody

Source of antibody Immunogen Reported localization References

Breast pAb Squarix 117–127 Cell membrane [22]
Colon pAb Home-made Recombinant protein expressed 

in E. coli or synthetic peptides 
(p117–128 and p188–200)

Cytoplasmic and cell membrane [30]

Colorectal carcinoma pAb Gifted by profes-
sor Michael Fant

NS Nuclear and cytoplasmic (based 
on differentiation state)

[32]

Prostate pAb Home-made 166–177 Cytoplasmic and cell membrane [41]
Pancreatic ductal adenocarci-

noma
pAb Abcam NS Cytoplasmic [40]

Primary gastric adenocarci-
noma

pAb NS NS Nuclear and cytoplasmic [34]

Hepatocellular Carcinoma NS Abcam NS Cytoplasmic and cell membrane [29]
pAb Home-made Mixture of 117–128 and 

188–200
NS (cytoplasmic based on the 

presented image)
[27]
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showed that placenta and embryos were severely affected 
when Plac1-null allele was inherited from the mother. At 
E16.5, knockout and heterozygous placenta that inherited 
Plac1-null allele from the mother (Xm-X) weighed approxi-
mately 100% more than wild type placenta, whereas pater-
nally inherited null allele heterozygous placenta (XXp−) 
showed comparable growth to wild type placentas dem-
onstrating paternal imprinting of Plac1. The same group 
also showed that XXp− Plac1 heterozygotes did not show 
lethal hydrocephalus, while 20% of the surviving Xm-Y 
(knockout) males as well as 10–15% of the Xm-X females 
(mutant maternal allele) developed lethal hydrocephalus at 
4–8 weeks [77] confirming paternal imprinting of Plac1. 
However, they also showed at both gene and protein levels 
that in Xm-X placentas, the level of Plac1 expression was 
approximately 10–20% of WT expression, confirming partial 
escape of the paternal Plac1 allele from total inactivation. 
This finding was supported by the experiments demonstrat-
ing that Plac1 KO male mice could survive, but they showed 
decreased viability. In line with this finding, there are also 
documents showing that about 15% of X-linked genes are 
estimated to escape complete inactivation in the process of 
somatic X-inactivation [89]. In conclusion, it seems that 
paternal plac1 is partially inactivated during development 
and contributes in part to normal placental and embryonic 
development. Muto et al. [21] also showed a similar pattern 
of paternal plac1 allele inactivation after blastocyst implan-
tation. Although they observed lower levels of plac1 expres-
sion in male embryos than female embryos at E7, which is 
consistent with the concept of partial inactivation of paternal 
Plac1, this difference was not found to be statistically sig-
nificant. Collectively, the prevailing theory in Plac1 expres-
sion is partial imprinting of paternal Plac1.

Role of PLAC1 in cancer development 
and progression

It was demonstrated, using cell invasion and migration 
assays, in the trophoblast cell line HTR8/SVneo and pri-
mary extravillous trophoblasts (EVTs) that PLAC1 had an 
important role in EVTs invasion into the maternal decidua 
[78]. Moreover, plac1 has been judged to be among the 
genes associated with trophoblast invasion using a cDNA 
subtraction library between murine invasive and noninvasive 
trophoblasts [90]. These findings prompted researchers to 
investigate whether PLAC1 served a similar role in cancer.

Using siRNA silencing of PLAC1, Koslowski et  al. 
showed that the motility, migration, and invasion of breast 
cancer cells, MCF-7 and BT-549, were profoundly depend-
ent on PLAC1 expression and that such silencing induced 
a G1-S cell cycle blockade with nearly complete abroga-
tion of proliferation [22] (Fig. 2b, c). This group also con-
firmed their finding by inhibition of MCF-7 and BT-549 

proliferating cells using blocking rabbit anti-PLAC1 Ab 
directed against amino acids 117–127 [22].

These findings were subsequently confirmed by another 
report in which knocking down of PLAC1 by siRNA in hepa-
tocellular carcinoma cells, Bel-7402 and HepG2, resulted in 
a substantial change in vital parameters including inhibition 
of tumor cell proliferation, increased apoptosis, induction of 
G1 cell cycle arrest, repressions of epithelial–mesenchymal 
transition (EMT), and decreased cell migration and inva-
sion [29].

In line with previous reports, Yang et al. showed that 
silencing of PLAC1 in non-small cell lung cancer cells 
(NSCLC) impaired cell proliferation, induced apoptosis, and 
impaired the invasive ability partially through the regulation 
of EMT-related proteins such as E-cadherin and vimentin 
[28].

The effect of PLAC1 in breast cancer cell invasion and 
metastasis was further investigated by Yongfei et al. [26]. 
They showed that PLAC1 interacted with Furin leading to 
Notch1 degradation and generation of Notch1 intracellular 
domain (NICD) fragments that could inhibit PTEN (phos-
phatase and tensin homolog) activity. PTEN is a known 
tumor suppressor protein and its inhibition promotes cell 
invasion and metastasis.

Besides the direct effect on cancer growth, a recent find-
ing revealed that Plac1 modulated a tolerogenic tumor 
microenvironment [91]. In this study, the authors showed 
that Plac1 silencing considerably reduced mammary tumor 
growth in syngeneic mice but not in SCID mice suggesting 
that Plac1 regulated adaptive immunity. Gene expression 
profiling of Plac1 knockdown cells indicated reduction in 
several inflammatory mediators and chemokines includ-
ing CXCL1. In this regard, it seems that the tumor-promot-
ing effect of Plac1 is mediated in part by modulating the 
chemokine axis. Collectively, it seems that the oncogenic 
function of PLAC1 is simultaneously exerted in paral-
lel within tumor cells and in tumor microenvironment, a 
distinct feature that has not been reported for many TAAs. 
This aspect reinforces the potential usefulness of PLAC1 
in targeted cancer immunotherapy, as PLAC1 targeting, 
besides therapeutic effects on cancer cells, might be able 
to restore the functionality of the immune cells in cancer 
microenvironment.

Correlation between PLAC1 expression in tumors 
and clinicopathological parameters

There are several reports investigating the potential cor-
relation between PLAC1 expression and clinicopathologi-
cal parameters of cancer patients. In none of the reports, a 
significant correlation was found between PLAC1 protein 
expression and age, sex, or tumor size [26, 29, 32, 34, 40]. 
Although there is some degree of inconsistency regarding 



1052	 Cancer Immunology, Immunotherapy (2019) 68:1039–1058

1 3

the correlation of PLAC1 expression and clinicopathologi-
cal parameters in some types of cancer, the overall picture 
depicts poor prognosis and more aggressive nature of tumors 
with high PLAC1 expression (Table 1). In particular, PLAC1 
expression levels significantly correlate with colorectal 
cancer stage [31], hepatocellular tumor metastasis [29], 
prostate cancer grade [41], pancreatic cancer differentia-
tion [40], colorectal cancer differentiation, TNM stage and 
lymph node metastasis [32], lung cancer prognosis, survival 
time, TNM stage, lymph node metastasis, and differentia-
tion [28], survival time in gastric [34], pancreatic [40], and 
ovarian cancer [36]. Furthermore, PLAC1 expression lev-
els positively correlate with aggressiveness of endometrial 
serous adenocarcinomas [37] and cervix squamous cancers 
[39]. Nonetheless, Koslowski et al. reported that expression 
of PLAC1 did not correlate with histologic subtype, tumor 
stage or tumor grade in lung, gastric, and ovarian cancers 
[22]. Yuan et al. [25] demonstrated that no significant cor-
relation was observed between serum PLAC1 levels with 
race, age at diagnosis, body mass index (BMI) or the pres-
ence of metastatic disease. Liu et al. reported that there was 
no significant relationship between PLAC1 expression in 
patients with gastric cancer and tumor position, differentia-
tion, gross type, lymph node or TNM stage [34]. Tchabo 
et al. showed that the expression of PLAC1 in ovarian cancer 
did not have a significant effect on recurrence-free and over-
all survival [35]. In contrast, Devor et al. recently reported a 
significant negative relationship between PLAC1 transcript 
and patient survival with serous ovarian tumor [36]. The dif-
ferent confounding factors listed above regarding expression 
of PLAC1 in human cancer tissues, sample size and sam-
pling site may also be the case for discrepant results of the 
association studies mentioned above. Indeed, PLAC1 may 
exert different functions in different cancers. Moreover, the 
type of antibody used for IHC staining could also be con-
sidered as a potential confounding factor, as currently there 
is no standard antibody available for PLAC1 immunostain-
ing. In our experience, we found great variability of IHC 
immunostaining patterns of the antibodies directed against 
different epitopes of PLAC1.

Therapeutic potential of PLAC1 targeting 
in cancer immunotherapy

Immune responses against PLAC1 in health 
and disease

The presence of humoral responses to PLAC1 in healthy 
individuals has been investigated by some researchers 
(Fig. 2d). Silva et al. reported that 4 of 78 (5%) healthy adults 
showed seropositivity with recombinant PLAC1 protein 
(amino acids 125–212) in enzyme-linked immunosorbent 

assay (ELISA). Notably, positive seroreactivity from healthy 
donors was restricted to females only indicating a possible 
sex-specific link with the immunogenicity of the antigen 
[23]. Whether or not the generation of antibodies to PLAC1 
in the sera of a small subset of healthy women is a conse-
quence of self-immunization following pregnancy warrants 
further investigation. There is a growing body of evidence 
showing that biological messages are continuously exported 
from placenta to maternal circulation through exosomes 
[92–95]. Indeed, apoptotic trophoblast cells are the main 
sources of fetal DNA and RNA in the maternal circulation 
[96, 97]. Maternal blood also contains PLAC1 transcript, 
the level of which rapidly decreases after delivery [98–100]. 
In this regard, it is conceivable to imagine that at least a 
proportion of pregnant women became immunized against 
PLAC1 during pregnancy through the passenger syncytial 
aggregates or passenger trophoblasts. In such conditions as 
preeclampsia in which placental villi are damaged through 
the inadequate blood supply, the levels of PLAC1/PLAC1 
mRNA/protein in maternal blood is substantially increased 
[99, 101–103].

Although the preliminary data show increased levels of 
anti-PLAC1 Ab in infertile women [104], mice immunized 
with PLAC1 peptides can give birth to normal pups [105]. 
Moreover, the aforesaid link between anti-PLAC1 Ab and 
infertility was not confirmed by other studies [106].

Restricted expression of PLAC1 in normal tissues and its 
relatively high expression in cancer tissues have prompted 
the researchers to evaluate prognostic and diagnostic values 
of humoral and cellular immune responses against PLAC1 in 
a series of cancer patients. In one study using a peptide cov-
ering amino acids 125–212 from human PLAC1 as ELISA 
coating layer, 14 out of 226 plasma samples (6%) from 
NSCLC patients showed detectable levels of anti-PLAC1 
antibodies [23]. Dong et al. analyzed the reactivity of sera 
from HCC patients with recombinant PLAC1 in WB analy-
sis and reported that 4 out of 101 (3.8%) sera were reactive 
to PLAC1. By contrast, none of the serum samples from 50 
healthy individuals were reactive to the recombinant PLAC1 
in the same experiments [27].

To investigate the capacity of human PLAC1 to induce 
Ab responses in patients with colorectal cancer (CRC), 
serum samples from 42 CRC patients were surveyed by 
ELISA using whole recombinant PLAC1 protein as the 
ELISA coating layer. None of the 22 tumor samples nega-
tive for PLAC1 mRNA showed seropositivity, while in 6 of 
the 20 patients with PLAC1 mRNA positive tumors, anti-
PLAC1 antibodies were detected. To link anti-PLAC1 anti-
bodies with the tumor expression of PLAC1 protein, the 
authors observed that PLAC1 protein was expressed in 4 of 
the 6 seropositive patients. To interpret these inconsistent 
results, the authors explained that levels of PLAC1 protein 
were lower than the detection limit of their protein readout 
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systems (IHC and WB). Moreover, they observed that Ab 
responses were restricted to patients with a positive CD4 T 
cell response [30]. Kumara et al. [31] showed that none of 
the six colon cancer patients with positive PLAC1 mRNA 
had anti-PLAC1 Ab in their sera when tested against full-
length recombinant PLAC1. Similarly, none of the 20 epi-
thelial ovarian tumor patients with positive PLAC1 mRNA 
showed seroreactivity with recombinant PLAC1 protein in 
ELISA [35]. One limitation of these studies is the investi-
gation of PLAC1 at the gene and not at the protein level. 
Expression of a gene does not necessarily lead to its protein 
expression.

In addition to humoral responses, cellular immune 
responses against PLAC1 in colorectal cancer patients have 
also been a matter of investigation (Fig. 2d). In one study, 
CD4 and CD8 T-cell responses were found in 58.3% (7/12) 
and 55.6% (10/18) of colon cancer patients with PLAC1 
mRNA positive tumors, respectively. Eighteen patients 
with positive results for PLAC1 mRNA expression who 
had been tested for PLAC1-specific CD8 T-cell responses 
were followed for a mean of 27 months after their surgery. 
Interestingly, the majority of patients (90%, 9/10) with CD8 
responses to the PLAC1 antigen survived during the follow-
up period, whereas 6 of the 8 non-responders died during 
this period indicating a protective role of anti-PLAC1 cellu-
lar immune responses in colorectal cancer. This finding was 
further substantiated with Kaplan–Meier analysis indicat-
ing a significant correlation of anti-PLAC1 T-cell responses 
with the survival of the patients with CRC. However, neither 
significant differences in T cell proliferative response from 
PLAC1 responders and non-responders, nor correlations 
between positive T-cell responses and such clinicopatho-
logical parameters as tumor size, and TNM classification 
were observed [30].

In an attempt to cytotoxic T cell (CTL) epitope mapping 
of PLAC1, Liu et al. studied four predicted HLA-A*0201-
restricted CTL epitopes of the molecule in T2 cell binding 
assay. They demonstrated that all predicted CTL epitopes 
[P8–16 (GLMILLTSA), P11–19 (ILLTSAPSA), P31–39 
(SIDWFMVTV) and P58–66 (GLGCPPNHV)] bound 
to HLA-A*0201 with intermediate affinities. To assess 
their immunogenicity in vivo, CD8 T cells were gener-
ated from patients with colon cancer with positive PLAC1 
mRNA. Generated CD8 T cells (as effector cells) were then 
assessed for IFNγ production after challenging with peptide-
loaded T2 cells. CD8 T cells from the majority of patients 
responded to epitopes P31–39 (6/10) and P58–66 (7/11) but 
no reactivities to P8–16 and P11–19 were recorded [30]. 
They also showed that, CD8+ T cells from three of five 
HLA-A*0201+ CRC patients up-regulated Granzyme-B 
expression when co-cultured with HLA-A*0201+/PLAC1+ 
the colon cancer cell line SW620. No reaction was observed 
when PLAC1 negative SW480 colon cancer cells, with the 

same HLA haplotype, were co-cultured with CD8 clones 
suggesting specific response of the isolated CD8+ T cells 
against PLAC1 [30]. This group extended their work in 11 
HLA-A2 + CRC patients (9 PLAC1 protein+ and 2 PLAC1 
protein− tumors) using a new set of CTL epitopes. They 
used patients’ own dendritic cells loaded with P41–50 
(FMLNNDVCV) and P69–77 (HAYQFTYRV) peptides to 
prime specific CD8 cells. Stimulated CD8 cells were found 
to recognize T2 cells loaded with the corresponding pep-
tides, released IFN-gamma and were able to specifically lyse 
HLA-A2+/PLAC1+ CRC cell line SW620. This response 
was not observed in PLAC1 negative CRC patients [32].

In another attempt to CTL epitope mapping of PLAC1, 
three HLA-A*0201-restricted epitopes were tested by T2 
cell binding assay. CTLs of two of three HLA-A*0201+ 
healthy donors primed by P28–36 (VLCSIDWFM) and 
P31–40 (SIDWFMVTV) peptides produced IFNγ in 
response to challenging with the peptide-loaded T2 cells. 
These IFNγ-producing CTLs could lyse HLA-A*0201+/
PLAC1+ breast cancer cells MCF-7. They also showed, 
using human HLA transgenic mice, that P28–36 is a domi-
nant CTL epitope naturally processed and presented in vivo 
and that CTLs against this peptide were able to lyse about 
one-third of MCF-7 cells. On the contrary, CTLs gener-
ated against P31–40 were functionally inactive [79]. Later, 
using the P28–36 peptide, PLAC1-specific TCR-engineered 
T cells were generated. In this study, the cDNAs encoding 
TCR chains specific for (HLA)-A*0201-restricted PLAC1 
were cloned from CTLs which were formerly stimulated by 
autologous HLA-A2+ dendritic cells loaded with a p28–36 
peptide. They also showed that PLAC1-specific TCR-engi-
neered T cells identified and eradicated PLAC1+ breast can-
cer cell lines. Furthermore, using in vivo experiments, they 
demonstrated that PLAC1− specific TCR-engineered T cells 
significantly delayed tumor progression [107]. We observed 
that the majority of cancer cell lines, which do not express 
PLAC1 on their surfaces, express PLAC1 intracellularly 
(unpublished data). This aspect emphasizes the potential 
role of PLAC1-specific cell-mediated immune responses in 
cancer control.

These findings are in line with the newly emerging con-
cept that PLAC1 can be viewed as a potential target for can-
cer immunotherapy and highlight the potential usefulness of 
harnessing anti-PLAC1 cell-mediated immune responses in 
controlling PLAC1 expressing tumors.

PLAC1 targeted therapy in cancer

There is a very limited data set on PLAC1 as a target for 
cancer immunotherapy. In a very recent report, we took the 
advantages of cancer specificity of anti-PLAC1 antibod-
ies and cytotoxic agents for targeted therapy of prostate 
cancer. We showed that PLAC1 was rapidly internalized 
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following binding to anti-PLAC1 antibody, a process that 
was completed within an hour. Target specificity and inter-
nalization are among the most important characteristics of 
a successful antibody–drug conjugates [108–110] in which 
the Ab functions as a vehicle for intracellular delivery of 
cytotoxic agents [111, 112] to the tumor cells with minimal 
systemic toxicity and high therapeutic efficacy [108]. Based 
on the highly cytotoxic nature of antibody–drug conjugates 
(ADCs), high tumor selective expression and low/null nor-
mal tissue expression pattern of the molecular target is the 
most critical requirement for an ADC treatment [113], a fea-
ture that PLAC1 possesses. We observed that conjugation 
of the antineoplastic drug SN-38 to anti-PLAC1 Ab affected 
neither affinity nor the binding property of anti-PLAC1 Ab 
to the cell surface antigen. Interestingly, the ADC produced 
this way retained intrinsic Ab activity and showed selec-
tive cytotoxicity with enhanced IC50 about 15-fold lower 
than the free drug. The generated anti-PLAC1 ADC induced 
apoptosis in prostate cancer cell lines and in primary cul-
tures of prostate cancer cells isolated from human tumors 
[67].

In 2009, National Cancer Institute proposed well-vet-
ted periodization criteria for cancer antigens including, in 
descending order: (1) therapeutic function, (2) immuno-
genicity, (3) role of the antigen in oncogenicity, (4) speci-
ficity, (5) expression level and percent of antigen-positive 
cells, (6) stem cell expression, (7) number of patients with 
antigen-positive cancers, (8) number of antigenic epitopes 
and (9) cellular location of the antigen [2]. Accordingly, 
PLAC1 was ranked 47th in a list that comprised 75 can-
cer antigens. Notably, the therapeutic function of PLAC1 
scored 0 because there was no report on the potential use of 
PLAC1 for cancer immunotherapy at that time. Based on our 
prior report on the therapeutic function of anti-PLAC1 Ab in 
prostate cancer, we believe that PLAC1 will now occupy a 
considerably higher rank in the list of cancer antigens. More-
over, for prostate cancer, PLAC1 is ubiquitously expressed 
by nearly all cancer cells in patients, a criterion which will 
definitely upgrade the periodization score of PLAC1.

Conclusions and therapeutic implications

Phonotypic and mechanistic similarities between cancer 
development and placentation have inspired researchers to 
find and introduce novel targets for cancer immunotherapy. 
PLAC1 is among that antigens that has gained the focus 
of many researchers since its first introduction in 2000. Up 
to now, the available literature reinforces a very restricted 
pattern of PLAC1 expression in normal cells and tissues, 
while the evidence on its aberrant expression in cancer 
tissues is steadily growing. Besides a fundamental role 

in placental development, there is growing evidence that 
PLAC1, expressed by many cancers of diverse origins, has 
a promoting effect in progression of several cancer types 
and is involved in cancer growth and invasion. Moreover, 
the protective humoral and cellular immune responses to 
PLAC1 are mounted in a proportion of cancer patients indi-
cating that boosting such responses could be potentially ben-
eficial for cancer treatment. These features potentiate the 
concept of PLAC1 as a molecular target for cancer immuno-
therapy and encourage further research exploiting the poten-
tial usefulness of anti-PLAC1 immune responses for cancer 
control. The stepwise increase in PLAC1 expression from 
prostatic benign hyperplasia to prostate cancers with high 
Gleason scores and the potential application of this molecule 
for antibody-mediated prostate cancer immunotherapy have 
been recently reported by our group [41, 67], the findings 
which await clinical studies to be consolidated. Nonetheless, 
studies on the immunobiology of PLAC1 in cancers are still 
limited and this molecule has not yet found the considerable 
place in the list of cancer antigens it deserves. In summary, 
cancer-targeted therapies directed against PLAC1 represent 
a new promise against several types of tumors. It should be 
emphasized, however, that based on the very heterogeneous 
nature of tumors and evasion mechanisms, it is unlikely that 
therapy solely against PLAC1 will be successful, and that 
combinational therapy targeting multiple TAAs, as well as 
modulation of the tumor microenvironment to be necessary.
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