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Abstract

PLAC1 is a recently described X-linked gene with expression restricted primarily to cells derived 

from trophoblast lineage during embryonic development. PLAC1 localizes to a region of the X-

chromosome thought to be important in placental development although its role in this process has 

not been defined. This review summarizes our current understanding of its expression, regulation, 

and function. PLAC1 is expressed throughout human pregnancy by the differentiated trophoblast 

and localizes to membranous structures in the syncytiotrophoblast, including the microvillous 

plasma membrane surface. Recent studies have demonstrated that PLAC1 is also expressed by a 

wide variety of human cancers. Studies of the PLAC1 promoter regions indicate that its expression 

in both normal placenta and cancer cells is driven by specific interactions involving a combination 

of transcription factors. While functional insight into PLAC1 in the normal trophoblast is lacking, 

preliminary studies suggest that cancer-derived PLAC1 has the potential to promote tumor growth 

and function. Additionally, it also appears to elicit a specific immunologic response that may 

influence survival in some cancer patients, suggesting that it may provide a therapeutic target for 

the treatment of some cancers. We also discuss a potential role for PLAC1 as a biomarker 

predictive of specific pregnancy complications, such as preeclampsia.
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Identification of the PLAC1 Gene

The PLAC1 gene is a recently described X-linked gene (Cocchia et al, 2000). Its expression 

is highly restricted in normal tissue and limited primarily to the placenta. Based on several 

independent studies, the region to which PLAC1 maps is thought to be important for normal 

placental and fetal development. First, large deletions of the mouse X chromosome spanning 
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200–700 Kb near the Hprt locus (Lesch-Nyhan syndrome) have been shown to result in fetal 

growth retardation and neonatal death (Kushi et al, 1998). Deletion of the Hprt gene itself 

does not result in this phenotype (Searle et al, 1994) suggesting that this phenotype is due to 

the existence of additional gene(s) near the Hprt locus. Second, independent evidence 

indicating that this region of the X chromosome is important for normal placental 

development has been provided. (Zechner et al, 1996; Hemberger et al, 1999). The Ihpd 

locus (interspecific hybrid placental dysplasia) in the region is associated with abnormal 

placental development in some mouse hybrids, (though later analysis suggested that several 

X-linked genes may be involved). It is characterized by male sterility, abnormal placental 

development, and fetal growth retardation. Additional evidence implicating a role for Plac1 

in placental growth was provided by Suemizu et al. (2003). Nuclear transplantation of 

mouse ES cells is associated with placentomegaly. Differentially expressed genes of these 

large placentae were identified by microarray analysis. The Plac1 gene was one of a few 

genes consistently expressed at very significantly higher levels in the cloned placentae, 

suggesting its overexpression may contribute to the observed phenotype.

The sequence of the human X chromosome was obtained in the region of the HPRT gene in 

an attempt to characterize the gene content that may be relevant to these observations 

(Cocchia et al, 2000). Approximately 1 Mb of human Xq26 DNA from the glypican – 3 

(GPC-3) gene to about 200 Kb telomeric of HPRT was sequenced and found to contain only 

a few genes. This was suggested by several criteria. First, the content of repetitive sequences 

is very high and GRAIL detected only two of the CpG islands that are “markers” for 

approximately half of all genes (Antequera and Bird, 1993). One of these is associated with 

glypican-3 (GPC3) and the other is with HPRT. This led to the identification of PLAC1, the 

only other gene in this region suggested by computer-assisted gene prediction and the 

absence of other mouse ESTs (Figure 1). Thus, PLAC1 is the prime candidate in this region 

of the X chromosome to contain the genetic information required for normal placental 

development. The latest version of the annotations includes additional genes, PHF6, 

MGC16121, and CR59647 in the human. Likewise, several ESTs and Phf6 have been 

identified in the mouse. However, none have been demonstrated to be placental specific, to 

date. The human PLAC1 gene maps 65 kb telomeric to the HPRT gene on Xq26. PLAC1 is 

the only gene identified in the region spanning approximately 700 kb and 300 kb on either 

side of the HPRT gene. A mouse cDNA 5′ EST, clone C0008F04 (GenBank Assession-

AA409600) was independently mapped as an anonymous cDNA on the Jackson Laboratory 

backcross mouse DNA panel and designated DXWsu72e (Ko et al, 1998). In the composite 

genetic map compiled by the Jackson Laboratory Plac1 (DXWsu72e) is placed 16.0cM from 

the centromere and Hprt localizes 17.0 cM from the centromere, a locus found to be 

syntenically equivalent to the human ortholog (http://www.informatics.jax.org/).

The original report of the PLAC1 gene by Cocchia et al (2000) indicated that it contained 3 

exons. The first two exons were relatively small, 152 and 72 bp. The third and larger exon 

(885 bp) contained the entire open reading frame of 636 bp. The final mRNA represented 

about 2% of the primary PLAC1 transcript (92,700 bp). The mouse cDNA C0008F04 was 

completely sequenced and the mouse and human genes were found to be 75% identical at 

the DNA level and 60% identical at the amino acid level. There are now indications from 
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both mouse and human EST databases that the gene is alternatively spliced and there are 

potentially up to 3 additional 5′ exons.

Placenta-restricted Expression of PLAC1 mRNA

Northern analysis and in situ hybridization revealed PLAC1 mRNA expression is restricted 

to cells of trophoblastic lineage (Cocchia et al, 2000; Fant et al, 2002; Massabbal et al, 

2005). No detectable expression of PLAC1 is observed in adult or fetal tissues by Northern 

analysis although recent studies utilizing quantitative RT-PCR demonstrated expression at 

much lower levels in testis and cerebellum (Yin et al, 2006; Silva et al, 2007). Within the 

mouse placenta, in situ hybridization revealed Plac1 expression in the ectoplacental cone 

and trophoblastic giant cells at day 7.5 dpc. At day 11.5 Plac1 expression occurs primarily 

in the labyrinthine layer with some faint expression in the GC’s. By day 14.5 dpc, decreased 

expression of Plac1 is observed and persists throughout the remainder of gestation. These 

data clearly point to a trophoblast-specific pattern of Plac1 gene expression at the maternal-

fetal interface. Human PLAC1 expression, like its murine counterpart, is also relatively 

restricted to the trophoblast (Fant et al, 2002; Massabbal et al 2005). Unlike the mouse, 

however, It is expressed at relatively constant levels from 22–40 weeks gestation.

In the human trophoblast, PLAC1 expression is tightly linked to cell differentiation 

(Massabbal et al, 2005). When placed in culture, normal cytotrophoblasts aggregate and fuse 

over 72–96 hours to form fully differentiated syncytiotrophoblasts and provides a useful 

model to study trophoblast differentiation. PLAC1 mRNA expression is markedly 

upregulated during this process (Figure 2). Additionally, PLAC1 is positively regulated by 

peptide growth factors known to be important in trophoblast differentiation. KGF, a peptide 

growth factor known to be relevant to trophoblast differentiation, stimulates PLAC1 mRNA 

expression in the BeWo choriocarcinoma cell. Its effect is potentiated by epidermal growth 

factor (EGF), another growth factor important in trophoblast differentiation. However, EGF 

alone has no effect on PLAC1 expression.

The PLAC1 Protein is also Restricted to the Placenta

The PLAC1 protein localizes primarily to the syncytiotrophoblast (Massabbal et al, 2005; 

Fant et al, 2007). As shown in Figure 3, immunohistochemical analysis of human placental 

tissue at 8 weeks gestation demonstrated PLAC1 localizes primarily to the differentiated 

syncytiotrophoblast (black arrows) whereas the underlying cytotrophoblast exhibits little or 

no protein (panel A). At 23 weeks, however, specific immunostaining of an occasional 

cytotrophoblast was observed (red arrows). Moreover, the syncytial staining appeared more 

intense along the microvillous brush border membranes (black arrow, panel B). 

Deconvolution fluorescence microscopy further indicated that PLAC1 localizes to cytosolic 

sites with close proximity to the apical plasma membrane (Figure 4, red fluorescence). 

Integration into the plasma membrane by a fraction of the PLAC1 pool is also suggested.

A variety of biochemical methods were applied to further define the subcellular location of 

PLAC1 in normal placental tissue. Subcellular fractionation followed by differential 

centrifugation was utilized initially to assess PLAC1 distribution among the major 

intracellular compartments. Additionally, plasma membranes enriched specifically from the 
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maternal-facing, microvillous membrane surface of the syncytiotrophoblast (MVM) and the 

fetal-facing, basal surface of the syncytiotrophoblast membrane (BM) were also examined. 

As shown in Figure 5 (Panel A), a 27–30 kD band was observed in the microsomal fraction 

(mic), but not the soluble (sol) or mitochondrial (mit) fractions. The microsomal fraction 

includes the plasma membrane as well as the endoplasmic reticulum and golgi apparatus, 

Further analysis of the basal and apical surfaces of the syncytiotrophoblast plasma 

membrane (Panel B) revealed PLAC1 immunoreactivity exclusively associated with the 

MVM (M1-M4) but not the BM (B1-B4) (Each lane represents a different placenta). These 

observations indicate that the PLAC1 polypeptide is a membrane-associated protein and 

associates, in part, with the microvillous brush border membrane. It is not clear from these 

studies, however, if PLAC1 faces extracellularly, intracellularly, or is, in fact, an integral 

membrane component that becomes internalized. Analysis of human amniotic fluid (16–18 

weeks gestation) and pregnant, maternal serum (25–33 weeks) failed to identify soluble 

PLAC1 protein in these compartments suggesting that the PLAC1 polypeptide does not 

circulate but acts locally at the level of the trophoblast.

Putative PLAC1/Plac1 Protein

While nothing is known of its functional properties, certain insights can be inferred from 

cDNA sequence analysis of PLAC1. The human ORF encodes a putative protein of 212 

amino acids whereas the mouse gene encodes a 173 amino acid product (Cocchia et al, 

2000). They share approximately 60% homology. Figure 6 shows alignment of PLAC1 from 

multiple species as indicated, based on the currently available genomic sequences.

Additionally, both mouse and human PLAC1 are predicted to target the secretory pathway 

and exist as extracellular peptides. The PSORT program (psort.ims.u-tokyo.ac.jp) suggests 

that the polypeptide products of both PLAC1 and Plac1 are extracellular, 56% and 66.7% 

respectively. Each contains a cleavable signal peptide (SP) of 23 aa (Figure 7). Both the 

mouse and the human proteins end with methionine. The significance of this is unknown. 

There is also a transmembrane (TM) domain predicted by aa 23 – 40 of the N-terminus 

(immediately downstream of the signal peptide), suggesting PLAC1 is targeted to a 

membranous domain. Finally, there are 4 possible glycosylation sites suggesting it is O-

glycosylated in its mature form, and 13 potential phosphorylation sites. The conserved 4 

cysteine residues are suggested to be involved in forming 1–4, 2–3 disulfide bridges, similar 

to the zona pellucida-N (ZP-N) subdomain (Jovine et al, 2006)

Significant sequence homology (approximately 30%) between the ZP3 (zona pellucida 3) 

protein of several species of eutherian mammals and PLAC1 was demonstrated. ZP3 is a 

sperm-binding glycoprotein in the zona pellucida and thought to confer species specificity 

during fertilization. The presence of the ZP3 motif has been also been recognized in a 

variety of extracellular receptor-like glycoproteins, i.e. TGF-beta receptor type III 

(betaglycan) and uromodulin (Bork and Sander, 1992). Recently an oocyte-specific protein, 

Oosp1, has been identified that exhibits significant homology to the Plac1 (Yan et al, 2001). 

It also appears to code for an extracellular protein. However, its function has not been 

defined. The ZP3 motif has been shown to be essential for polymerization of the ZP3 protein 

and other ZP3 motif-containing proteins, i.e. uromudulin, to form filamentous structures 
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(Jovine et al, 2002; Jovine et al, 2004). Its conserved presence in PLAC1 is therefore likely 

to be important for protein-protein interactions relevant to its function, i.e. polymerization or 

interactions with heterologous protein partners.

PLAC1 in Human Cancer

Recently, PLAC1 expression has been demonstrated in a variety of human cancers. PLAC1 

expression, as detected by differential microarray analysis, was noted to be altered in EBV-

transformed lymphoid cell lines where loss of EBV expression was enforced (Yin et al, 

2006). This led to further analyses demonstrating PLAC1 expression in a variety of human 

cancers, including breast and prostate cancer, as well as low expression in testis and 

cerebellum. This identified PLAC1 as a new member of the cancer-testis group of antigens. 

Subsequent studies failed to confirm a direct relationship between EBV and PLAC1 

expression but suggested a role for PLAC1 expression in cancer biology. During the same 

time period, Chen, et al (Chen et al, 2006) reported the expression of (cancer-placenta 

antigen 1) in gastric cancer patients using subtractive hybridization. CP-1 was later 

determined to be identical to PLAC1. They further demonstrated that some of these patients 

developed circulating anti-PLAC1 antibodies, implicating PLAC1 as a tumor antigen and 

potential therapeutic target. This speculation was supported by subsequent studies 

examining patients with hepatocellular and colorectal cancers (Dong et al, 2008; Liu et al, 

2008). These patients exhibited a high rate of PLAC1 expression that was associated with 

PLAC1 auto-antibodies in some patients. Preliminary analysis of a small sample of the 

colorectal cancer patients further suggested the ability of these patients to mount a PLAC1-

specific immune response conveyed a survival advantage. At about the same time Silva et 

al, (2007) also reported the expression of PLAC1 in a variety of human cancers as well as 

the presence of circulating anti-PLAC1 antibodies, supporting the initial observation 

reported by Chen et al (2006). These observations support the therapeutic potential of 

targeting the PLAC1 antigen and indicate a significant role for PLAC1 in cancer cell 

biology. A subsequent study by Tchabo et al (2009), however, did not detect anti-PLAC1 

antibodies in a relatively small cohort of patients (n = 21) with epithelial ovarian cancer. 

Furthermore PLAC1 expression was not significantly associated with survival.

In vitro evidence consistent with a functionally important role for PLAC1 in some tumor 

cells was provided by Koslowski et al (2007). They reported the expression of PLAC1 in 

breast and ovarian cancer and demonstrated that PLAC1 localized to the plasma membrane 

in the MCF-7 breast cancer cell line. Neutralizing the PLAC1 antigen by gene silencing or 

neutralizing antibodies resulted in decreased proliferation and motility, processes essential to 

cancer survival. Collectively, these studies indicate PLAC1 is a new member of the cancer-

testis-placenta group of antigens and likely to have a significant role in modulating 

processes essential to cancer cell biology, including proliferation, invasion, and survival. It 

is not surprising that these processes are relevant to some aspects of trophoblast function, as 

well. The fact that PLAC1 elicits an antibody response, that appears to confer a survival 

advantage in some cancer patients who express it, further suggests its functional relevance. 

Interestingly, data reported by Silva et al (2007) also indicated a small number of female 

control patients, not exposed to the cancer-derived PLAC1 antigen, may develop anti-

PLAC1 antibodies by prior exposure to PLAC1 during pregnancy, raising the intriguing 
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possibility that circulating anti-PLAC1 antibodies may have a deleterious effect on 

trophoblast function and pregnancy outcome.

Koslowski et al (2009) have recently reported a feature of promoter action that is 

responsible for the ectopic expression of PLAC1 in breast cancer cells. Their studies 

indicate that the ubiquitous transcription factors SP1 and C/EBPβ-2 account for the full 

expression of PLAC1 in these cells. Additionally, ERα also appears to be involved via non-

classical mechanisms. Interestingly, C/EBPβ-2 exhibits a placenta-specific expression 

pattern suggesting it may be relevant to PLAC1 expression in the placenta as well. 

Moreover, it drives the expression of Dlx3, a transcription factor critical for normal 

placental development (Holland et al, 2004). Finally, SP1 and its homologue have also been 

shown to be important to placental development in mouse knockout models (Kruger et al, 

2007). The possibility that this promoter region acts in concert with other promoter regions 

to regulate PLAC1 in the normal trophoblast remains to be determined.

PLAC1 as a Marker for Threatened Pregnancies

Every since the detection of fetal-specific RNA transcripts in maternal plasma was reported 

by Poon, et al (2000), their utility as biomarkers useful in screening for genetic disorders 

and as biomarkers for gestational disorders has been of great interest. The restricted nature 

of PLAC1 expression suggests it might serve as a useful biomarker indicative of functional 

disruptions at the maternal-fetal interface. This notion was supported when Concu et al 

(2005) demonstrated that PLAC1 mRNA can be detected in maternal serum as early as 8 

weeks gestation and throughout pregnancy. Based on this work, Farina et al (2005) were 

able to demonstrate that circulating PLAC1 mRNA was markedly diminished in pregnancies 

associated with threatened abortion prior to 20 weeks gestation but not after this time point. 

Subsequent studies demonstrated elevated levels of circulating PLAC1 mRNA in 

preeclampsia that were directly related to disease severity (Fujito et al, 2006; Purwosunu et 

al, 2007). Several possibilities to explain the observed changes in circulating PLAC1 mRNA 

with preeclampsia were offered by Ng et al (2003). First, increased apoptosis occurring 

within villous trophoblasts during preeclampsia (DeFrederico et al, 1999) may be associated 

with increased release of trophoblast-specific mRNA into maternal plasma. Similarly, the 

shedding of membrane particles derived from the syncytiotrophoblast is also increased 

during preeclampsia (Redman and Sargent, 2008). These particles contain antigens that 

appear capable of interacting with and modulating the maternal immune system. Second, the 

circulating half-life of circulating fetal DNA is increased four-fold in patients with 

preeclampsia (Lau et al, 2002). Similar mechanisms might contribute to the higher 

circulating concentrations of PLAC1 mRNA observed in preeclampsia. The fact that PLAC1 

mRNA levels was shown to be positively and negatively associated with distinct gestational 

pathologies suggests that circulating PLAC1 mRNA can serve as a clinically useful marker 

predictive of gestational disorders.

Summary

Recent studies have identified PLAC1 as a novel, X-linked gene whose expression is 

restricted to the placenta in healthy individuals. Circulating maternal PLAC1 mRNA levels 
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are significantly associated with distinct gestational disorders suggesting it can serve as a 

clinically useful biomarker for specific pregnancy complications, i.e. miscarriage and 

preeclampsia. Additionally, its ectopic expression in a variety of human cancers identifies it 

as a new member of the cancer-placenta-testis antigens. Its tissue and cell-specific 

expression appear to be due to the combination of ubiquitous transcription factors that 

interact in specific ways to drive its placental or tumor-specific expression. While its role in 

placental development and function has yet to be defined, available evidence suggests it is 

important to tumor cell growth that, in some cases, may negatively impact patient survival. 

Speculatively, it has been intriguingly suggested that PLAC1 may serve an analogous role in 

the invasion of the placenta into the uterine wall and the invasive spread of cancers.
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Figure 1. 
X-chromosomal locus containing PLAC1
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Figure 2. 
PLAC1 mRNA expression during normal human trophoblast differentiation
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Figure 3. 
Immunohistochemical localization of the PLAC1 protein in human placenta. A. 8 weeks 

gestation. B. 23 weeks gestation. C. Non-immune serum, 23 weeks gestation
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Figure 4. 
Immunofluorescence microscopy of PLAC1 protein in human placenta.
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Figure 5. 
Subcellular distribution of the PLAC1 protein by immunoblot analysis.

Panel A: Mit = mitochodria, Mic = microsomal, Sol = soluble.

Panel B: M = Microvillous membrane surface of syncytiotrophoblast. B = basal membrane 

surface of syncytiotrophoblast
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Figure 6. 
Sequence alignment of PLAC1 from multiple species (inferred from genomic sequence).
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Figure 7. 
Schematic model of PLAC1 protein domains
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