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Abstract

Introduction: The chromosome 19 miRNA cluster (C19MC) encodes a large family of 

microRNAs (miRNAs) that are abundantly expressed in the placenta of higher primates and also in 

certain cancers. In the placenta, miRNAs from this cluster account for nearly 40% of all miRNAs 

present in trophoblasts. However, the function of these miRNAs in the placenta remains poorly 

understood. Recent observations reveal a role for these miRNAs in cell migration, and suggest that 

they are involved in the development and function of the human placenta. Here, we examine the 

placenta in transgenic mice expressing the human C19MC miRNAs.

Methods: We produced transgenic mice using pronuclear microinjection of a bacterial artificial 

chromosome plasmid carrying the entire human C19MC locus and derived a homozygous line 

using crossbreeding. We performed morphological characterization and profiled gene expression 

changes in the placentas of the transgenic mice.

Results: C19MC transgenic mice delivered on time with no gross malformations. The placentas 

of transgenic mice expressed C19MC miRNAs and were larger than wild type placentas. 

Histologically, we found that the transgenic placenta exhibited projections of spongiotrophoblasts 

that penetrated deep into the labyrinth. Gene expression analysis revealed alterations in the 

expression of several genes involved in cell migration, with evidence of enhanced cell 

proliferation.
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Discussion: Mice that were humanized for transgenically overexpressed C19MC miRNAs 

exhibit enlarged placentas with aberrant delineation of cell layers. The observed phenotype and the 

related gene expression changes suggest disrupted migration of placental cell subpopulations.
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Introduction

Human placental trophoblasts express a broad repertoire of microRNAs (miRNAs) [1,2]. 

MiRNAs constitute a large family of small regulatory RNA molecules, typically 19–24 

nucleotides long, which are derived from stem-loop structures embedded in longer 

transcripts. Numerous miRNA species have been described in most eukaryotes and viruses. 

Whereas many miRNAs are conserved across species, some families show a more restricted 

evolutionary distribution. One such miRNA family is expressed from the chromosome 19 

miRNA cluster (C19MC) locus, which is only found in primates [3,4]. This locus harbors 

one of the largest miRNA clusters, containing 46 genes that encode 58 mature miRNAs. 

These C19MC miRNAs are predominantly expressed in placental trophoblasts [3,5], where 

they account for approximately 40% of the miRNA molecules produced in these cells [6]. 

Outside the placenta, expression of these miRNAs has been restricted to human embryonic 

stem cells [7–9] and also discrete types of cancers, including hepatocellular carcinoma 

[10,11], brain tumors [12,13], testicular and breast cancer [14,15].

The function of C19MC miRNAs remains poorly understood. We previously found that 

villous primary human trophoblasts (PHT), which release a high amount of C19MC miRNA 

to the culture medium, are relatively resistant to replication of diverse types of DNA and 

RNA viruses, and that this resistance can be conferred to other, non-placental cell types by 

transferring the medium from cultured PHT cells or by transfecting these non-trophoblastic 

cells with the C19MC-expressing bacterial artificial chromosome (BAC). We also found that 

this effect is mediated by stimulation of cellular autophagy [16,17]. Other studies suggest 

that C19MC miRNAs regulate the differentiation and migration properties of trophoblasts 

[18,19]. For example, C19MC miRNAs appear to be expressed mostly in villous 

trophoblasts and at a much lower level in invasive extravillous trophoblasts (EVTs), and 

overexpression of C19MC miRNAs in the EVT-like HTR8/SVneo cell line reduce their 

migration and invasion properties [18]. Overexpression of members of the C19MC family 

has been implicated in the development of preeclampsia, a common hypertensive disorder of 

pregnancy [19]. It was recently found that miR-518b, a member of the C19MC family, 

targets EGR1/VEGF and regulates trophoblast migration in a cellular model of early 

embryonic arrest [20].

Outside the placenta, high expression of C19MC miRNAs has been associated with 

enhanced cell proliferation [11,13,21–24]. These observations suggest a role for C19MC 

miRNAs in the molecular regulation of cell physiology. Because these miRNAs are primate-

specific, there is no easily accessible animal model that can enable the study of C19MC 

miRNA function at the organismal level. We recently reported the generation of transgenic 
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mice carrying a BAC plasmid comprising 160 kb of the human C19MC genomic DNA 

locus. Importantly, transgenic mice expressed the C19MC miRNAs mainly in placentas in a 

way that is highly reminiscent of the C19MC expression pattern in humans, and released 

these miRNAs to the maternal and fetal compartments [25]. To assess the effect of C19MC 

overexpression in the placenta, we generated a transgenic mouse line, made homozygous for 

the human C19MC transgene. These mice appear normal and have a normal lifespan, but 

exhibit placental morphological alterations. We found that the placentas of transgenic 

animals are commonly enlarged compared to wild-type animals, and exhibit invaginations of 

spongiotrophoblasts in the labyrinth layer. Gene expression profiling experiments revealed 

altered expression of several genes that may regulate placental development.

Methods

Generation and analysis of transgenic mice

The generation of the C19MC transgenic lines has been previously described [26]. Briefly a 

160-kb BAC clone (BAC #RP11–1055O17) containing the entire C19MC locus was 

microinjected into 1-cell-stage B6SJLF1 embryos, using standard procedures. The 

transgenic founders were backcrossed to C57BL/6 mice and were PCR-genotyped. To obtain 

transgenic mice that are homozygous for the C19MC cluster, transgene hemizygous males 

and females were crossbred, and the progeny were tested by mating with wild-type (WT) 

mice, confirming homozygosity by producing only homozygous pups. Timed pregnancies 

were established using homozygous C19MC transgenic and C57BL/6 WT mice, as controls. 

Analysis of the mouse placentas was usually performed at E17.5, unless otherwise indicated.

Histology and in situ hybridization

Timed breeding pairs were established, and pregnant mice were sacrificed at the indicated 

times. Placentas were harvested and fixed overnight in 4% paraformaldehyde in phosphate 

buffered saline (PBS). For standard histology, fixed placentas were embedded in paraffin, 

and 5 μm sections were cut using a microtome (Leica RM2255, Wetzlar, Germany) and 

stained with SelecTech Hematoxylin and Eosin Staining System (Surgipath, Richmond, IL). 

Stained sections were examined using a Nikon 90i microscope (Nikon, Tokyo, Japan). For in 
situ hybridization, placentas were fixed overnight in 4% paraformaldehyde in PBS and 

cryoprotected through sucrose gradients (15% in PBS and 30% in PBS) before embedding in 

Tissue-Tek O.C.T Compound (Sakura Finetek, Torrance, CA). Cryosections (10 μM) were 

cut at −20ºC and collected on Superfrost Plus slides (Fisher Scientific, Waltham, MA). 

Cryosections were rehydrated in PBS, digested with proteinase K (10 μg/ml, Sigma-Aldrich, 

St. Louis, MO), for 5 min at 37ºC, and processed with 0.2 N HCL for 10 min at room 

temperature (RT), acetylated (0.25% acetic anhydride [Sigma-Aldrich] in triethanolamine-

hydrochloride, TEA) for 10 min at RT, and then hybridized with cRNA probes overnight at 

60ºC. Slides were washed four times with 4×SSC, digested with RNaseA (5 μg/ml, Thermo-

Fisher) for 15 min at 37ºC, and washed twice with 0.5×SSC for 15 min at 60ºC. Slides were 

blocked using 1% blocking reagent (Sigma-Aldrich) in maleic acid buffer, followed by 

incubation with anti-DIG-AP antibody (0.5 U/ml) (Sigma-Aldrich) for 2 h at RT, washed 

with maleic acid buffer with 0.2% Tween20, and then reacted with BM purple (Sigma-
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Aldrich) with 1 mM levamisole (Sigma-Aldrich) overnight. The sections were examined 

using a Nikon 90i microscope.

Immunohistochemistry (IHC)

Immunohistochemical staining was performed on 5 μm paraffin-embedded sections of 4% 

paraformaldehyde-fixed mouse placentas. Ki67 staining was performed using a rabbit 

polyclonal antibody (1:1500, NB110–89717, Novus Biologicals, Centennial, CO). Antibody 

binding was detected using the Vectastain ABC Elite kit (Vector Laboratories, Burlingham, 

CA). Slides were counterstained with hematoxylin and mounted with VectaMount AQ 

Aqueous Mounting Medium (Vector).

RNA extraction

For cellular mRNA and miRNA analysis, total RNA was extracted from mouse placenta 

using TRI Reagent (Molecular Research Center, Cincinnati, OH) according to the 

manufacturer’s instructions and purified using EconoSpin spin columns (Epoch Life 

Science, Missouri City, TX). RNA samples were exposed to RNase-free DNase (Qiagen, 

Valencia, CA). The quantity and quality of total RNA was determined by a NanoDrop 1000 

spectrometer (Thermo-Fisher) and by an Agilent bioanalyzer (Agilent, Santa Clara, CA).

Microarray and data analysis

Total RNA samples from WT and transgenic placentas were analyzed using Agilent 

SurePrint G3 mouse gene expression microarray. RNA samples were obtained from two 

individual WT placentas and from six individual transgenic placentas. Raw microarray data 

were acquired using an Agilent microarray scanner and processed with Agilent Extraction 

Image Analysis software. After normalizing the samples by loess normalization and log2 -

transforming intensities, we applied the empirical Bayesian algorithm, implemented in the R 

package “limma” [27], to identify genes that were differentially expressed between normal 

and transgenic mouse placentas. Benjamini and Hochberg’s method [28] was used to 

calculate the adjusted p-values to control for false discovery rate. Microarray data have been 

submitted to the GEO database for public access (GSE141131).

Quantitative real-time PCR analysis

Reverse transcription and quantitative PCR (RT-qPCR) was performed in duplicate, using 

the ViiA 7 Sequence Detection System (Thermo-Fisher) as previously described [29,30]. For 

mRNA analysis, total RNA was reverse transcribed using the High-Capacity cDNA Reverse 

Transcription kit (Thermo-Fisher) according to the manufacturer’s protocol. Quantitative 

PCR was performed by means of SYBER Select (Thermo-Fisher). For miRNA, cDNA 

synthesis and qPCR were performed with the miRScript PCR system (Qiagen) according to 

the manufacturer’s protocols. PCR primers are given in Supplementary Table 1. Dissociation 

curves were run on all reactions, and samples were normalized to the expression of the 

ribosomal protein L32 for mRNAs and to RNU6B small nuclear RNA for miRNAs, 

respectively. The fold increase relative to control samples was determined by the 2-ΔΔCt 

method [31].
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Statistics

All statistical analysis was carried out using the R computing environment. Mouse embryo 

weight, placenta weight, and litter size were analyzed using a paired t-test. For RT-qPCR 

data, ANOVA or ANOVA with repeated measures was applied to the delta-delta Ct values to 

determine whether a gene was differentially expressed between the wild type and C19MC 

transgenic placentas, and whether sex has a significant effect on the expression of the 

selected genes. The statistical analysis of the microarray data is provided above. All p-values 

were adjusted either by Tukey’s method to control for family-wise error rate, or Benjamini-

Hochberg’s method to control for false discovery rate, where applicable.

Results

Generation of homozygous mice for the C19MC transgene

We recently reported the generation of transgenic lines carrying a BAC that harbors the 

entire human C19MC locus [29]. These mice express human C19MC miRNAs primarily in 

the placenta, thus recapitulating the expression pattern in humans [26]. Our C19MC 

hemizygous mice did not exhibit any obvious morphologic anomalies. To obtain mice that 

express higher placental levels of C19MC we crossbred the hemizygous females and males 

and established two independent lines. RT-qPCR assessment of miR-517a, one of the most 

abundant C19MC miRNAs in these placentas, showed that homozygous mice placentas 

express this transgenic C19MC miRNA at a level that is roughly four times higher than in 

the hemizygous mice (Fig. 1), but lower than its levels in the human placenta. Expression 

profiles of another member of this family, miR-518b revealed a similar increase in 

homozygous mice (not shown). Homozygous animals were viable and exhibited no gross 

abnormalities, and the litter size was insignificantly smaller among the homozygous 

transgenics (Fig. 2), with no evidence of a higher rate of fetal death or resorption. Fetuses 

and placentas from WT and homozygous transgenic animals (hereinafter referred to as dTG) 

were collected at E17.5. Whereas the mean dTG fetal weight was insignificantly different 

from WT controls, we observed that mean placental weight in dTG fetuses was higher (by a 

mean of 14%, Fig. 2). Notably, we observed a wide range of weight in each genotypic 

category, with some dTG placentas nearly twice as big as a typical WT placenta and others 

in the range of normal variation. This variability was observed in placentas from different 

litters and in placentas within a single litter, indicating that the phenotype is not fully 

penetrant.

Abnormal placental morphology in dTG mice

Histological inspection of hematoxylin-eosin stained sections revealed abnormal 

morphology in dTG placentas. The boundary between the labyrinthine layer and the 

junctional zone was irregular, with deep spongiotrophoblast invaginations into the labyrinth 

(Fig. 3). To validate the phenotype and determine whether some trophoblast subpopulations 

are more affected than others, we conducted an in situ hybridization assessment of dTG 

placentas. Using probes for Tpbpb and Ceacam11, which are mostly expressed in 

spongiotrophoblast cells in the junctional zone [32,33], we confirmed the presence of 

Tpbpb- and Caecam11-positive invaginations in the E17.5 labyrinth layer (Fig. 4A). We 

observed ectopic clusters of spongiotrophoblasts in the labyrinth at E14.5 (Fig. 4A, top 
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panel), suggesting abnormal cell proliferation and/or migration in tissues overexpressing 

C19MC. The junctional zone comprises two main cell types, including spongiotrophoblasts 

and glycogen cells. Using RT-qPCR, we determined that the mRNA for Protocadherin 12 
(pcdh12), a marker of junctional zone glycogen cells, exhibits a higher expression in dTG 

placentas (Fig. 4B). We also assessed the expression of Plf1, a marker of trophoblast giant 

cells (TGCs) that is expressed in different TGC subpopulations [34], including parietal 

TGCs, canal TGCs, and spiral artery TGCs (Fig. 4), and identified discrete cell clusters at 

the expected locations for these TGC subtypes, which were similar in WT and dTG 

placentas.

Altered gene expression in TG placentas

To define the transcriptional profiles of the dTG placentas, we used microarrays to profile 

mRNA expression in dTG and WT placentas. We identified 108 probes, corresponding to 84 

transcripts that are downregulated in dTG mice compared to WT mice, and 101 probes, 

corresponding to 73 transcripts that are upregulated (Fig. 5A). We then selected 10 genes 

that were the most significantly upregulated (n=5) or downregulated (n=5), and validated 

their expression change using RT-qPCR (Fig. 5B). Among the upregulated genes in dTG 

placentas, Mmp1a, a placental metalloprotease involved in cell migration and invasion, 

exhibited a marked increase in dTG compared to WT placentas. In contrast, Prl5a1, a 

member of the prolactin family expressed in a subset of spongiotrophoblasts [34], showed a 

striking reduction of its expression levels in TG placentas. Melanocortin receptor accessory 

protein-2 (Mrap2), an important regulator of brain energy homeostasis, was expressed at less 

than 10% of the signal in dTG vs WT placentas. We used Ingenuity Pathway Analysis to 

identify pathways that might be affected by C19MC miRNA expression. The five top 

cellular and molecular functions from our analysis are shown in Supplementary Table 2, 

supporting our data interpretation. In addition, analysis of transcripts that exhibited the most 

marked expression difference (Fig. 5B) revealed that the expression of Dll1 and Prl5a1, but 

not other transcripts, was different between male and female dTG placentas, with a slightly 

higher level in male placentas for both genes (Fig. 5C). We noted the same difference in WT 

placentas, suggesting that the effect of fetal sex was transgene-independent.

We compared these data to our recent findings regarding overexpression of C19MC miRNAs 

in HTR8/SVneo cells, which do not naturally express C19MC miRNAs [18]. In these human 

cells, transgenic overexpression of C19MC miRNAs attenuated their migration, and several 

C19MC mRNAs that were functionally related to cellular movement, migration, or invasion 

were downregulated [18]. We therefore analyzed the expression of some of the same genes 

in the C19MC transgenic placentas, and found that with the exception of Olr1, most genes 

were also downregulated in dTG placentas (Fig. 5D). A search for C19MC miRNA seed 

match in the sequence of these mouse transcripts revealed that most of them harbored 

several potential target sites (Supplementary Table 3). Foxf1, a transcript that did not change 

in the presence of transgenic miRNAs, lacked canonical C19MC miRNA sites. Together, 

these results suggest that C19MC miRNAs impact the expression of orthologous human and 

mouse genes that regulate cell migration.
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Increased Ki67 staining in TG placentas

The size of the dTG placentas prompted us to assess if increased cell proliferation in these 

placentas might have contributed to their larger dimensions. Using immunohistochemical 

staining for the Ki67 antigen in sections of E17.5 WT and dTG placentas, we found a 

stronger Ki67 nuclear staining in the dTG placentas, localized mainly to the labyrinth (Fig. 

6), suggesting an enhanced proliferation in the dTG labyrinth. Notably, we detected 

cytoplasmic Ki67 immunoreactivity in dTG sections that was absent in WT placentas. This 

staining pattern has been previously reported [35,36], and its relevance to cell proliferation is 

uncertain.

Discussion

To study the effect of C19MC miRNAs on placental morphology and function, we produced 

a transgenic mouse model expressing the human C19MC miRNAs, using a BAC plasmid 

that harbors the entire locus. In these transgenic mice, the C19MC miRNAs are mainly 

expressed in placental tissue and recapitulate the expression patterns found in humans [26]. 

Our C19MC dTG mice have a C19MC expression level that resembles that in the human 

placenta. Importantly, placentas from dTG mice are larger than their WT counterparts and 

exhibit projections of the spongiotrophoblast into the labyrinthine zone. These invaginations 

of junctional zone cells were infrequently observed in the WT placentas, and usually did not 

penetrate the labyrinth as deeply as in dTG placentas.

Placental enlargement with protrusions of the spongiotrophoblast layer into the labyrinth 

have also been described in mice obtained after inter-subspecies hybridization [37] and also 

in cloned mice after somatic cell nuclear transfer (SCNT) [38]. In addition, knockout of 

Esx1, a paired-like homeobox gene located on the X chromosome and expressed in 

extraembryonic tissues during embryogenesis, also led to enlarged placentas with clusters of 

spongiotrophoblasts localized into the labyrinth [39]. PCDH12-deficient mice also exhibit 

placentas in which islets of spongiotrophoblasts are detected in the labyrinth, albeit the 

placentas were smaller [40].

Our mRNA expression profiles in dTG and WT placentas revealed several genes that were 

differentially expressed. Interestingly, one of the most upregulated genes is Mmp-1a, a 

member of the matrix metalloproteinase family that is mostly expressed in the placenta 

(Mouse ENCODE transcriptome data [41]. Despite high expression of Mmp-1a in the mouse 

placenta, there are no data on its function in the developing placenta. An Mmp-1 knockout 

mouse exhibits reduced incidence of lung cancer, but no obvious pregnancy-related 

phenotype [42]. It is thus possible that overexpression of Mmp-1a in the context of other 

alterations disrupts normal placental development and contribute to the observed phenotype. 

In contrast, Prl5a1, one of the 23 members of the placental prolactin gene family that are 

expressed in the mouse placenta [34], is markedly downregulated in dTG placentas. While 

the function of this gene is currently unknown, and a genetic knockout model has not been 

reported, it is expressed mostly in junctional zone cells during late gestation [34], suggesting 

that its lower expression in dTG mice represents gene downregulation rather than loss of 

Prl5a1-expressing trophoblasts. Notably, all 23 prolactin-related genes are expressed from a 
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large cluster located on chromosome13 [43], with variable placental expression patterns 

among family members [34].

The phenotype observed in the dTG placenta suggests that overexpressed C19MC miRNAs 

impact the specification and development of placental cell layers or their migration. A 

similar conclusion was reported in the case of PCDH12-deficient mice [40]. Moreover, 

overexpression of the C19MC miRNAs in a human trophoblast cell line caused 

downregulation of a number of genes involved in cell migration [18]. Interestingly, 

orthologous mouse and human genes were downregulated in our dTG mice and in our 

extravillous trophoblast line that overexpresses C19MC, suggesting that despite the 

restricted expression of C19MC miRNAs to haplorhines (higher primates) with no 

homologous region in the mouse genome [4,5], corresponding transcripts are functionally 

conserved between humans and mice.

The ectopic expression of the C19MC miRNAs has been associated with certain cancers, 

and C19MC miRNAs have been described as oncomiRs in certain pediatric brain tumors 

[12,13,44,45]. Thus far, after prolonged observation (up to two years), none of our mice 

have developed any noticeable tumors, which might not be surprising because the transgenic 

expression of the C19MC miRNAs is mostly restricted to the placenta. Interestingly, we 

detected a higher nuclear ki67 staining in the transgenic labyrinth, suggesting an enhanced 

rate of cell proliferation in this layer. Thus, transgenic C19MC miRNAs in the mouse 

placenta appears to recapitulate some of the effects mediated by their ectopic expression in 

humans with increases in cell proliferation and migration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• C19MC miRNAs are highly expressed in the primate placenta

• The function of the C19MC miRNAs is inadequately understood

• We generated transgenic mice expressing the human C19MC miRNAs

• Placentas of C19MC homozygous transgenic mice exhibit morphological 

abnormalities
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Fig. 1: RT-qPCR evaluation of miR-517a expression in mouse placentas.
Shown are wild-type (WT), transgenic lines (TG), and a human placenta. The box-plots 

show arbitrary values, representing C19MC miRNA expression levels. Mouse WT, n=3, 

Mouse 1xTg, n=6, Mouse 2xTg, n=13, Human, n=3. P<0.02 for all pairwise comparisons, 

determined by one-way ANOVA analysis, with Tukey’s post hoc test.
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Fig. 2: The effect of C19MC transgene overexpression on litter size and feto-placental weight.
Measurements, shown as box-plots, were performed at E17.5, and include litter size (WT, 

n=36; dTG, n=38), embryo weight, and placenta weight (WT, n=258; dTG, n=242). The 

bottom and top edges indicate the 25th and 75th percentiles, respectively. The numbers inside 

the boxes represent the number of observations. Statistical significance was determined 

using a t-test. NS, non-significant, * denotes p<0.05, ** denotes p<0.01, *** denotes 

p<0.001.
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Fig. 3: Placenta histology from WT and dTG mice,
The images show 3 placentas from a WT litter juxtaposed to 3 placentas from a dTG litter, 

obtained at E17.5 and stained with hematoxylin and eosin. The border between the 

spongiotrophoblast and the labyrinth is outlined by a dashed black line in one WT placenta 

and one dTG placenta.
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Fig. 4: In situ hybridization for delineation of the placental junctional zone.
(A) A Tpbpb riboprobe shows invaginations of the junctional zone in the dTG labyrinthine 

layer at E14.5 and E17.5; spongiotrophoblast-specific riboprobe Ceacam11 exhibits a 

similar pattern. A riboprobe against Plf1 delineates the distribution of E17.5 trophoblast 

giant cells in WT and dTG placentas. Scale bar=1000 μm. Sense probes were used as 

negative controls showed no signal (not shown). (B) RT-qPCR of Pcdh12 in WT and dTG 

placentas. The relative expression level is presented as fold change in dTG vs WT placenta. 

The bars represent the mean relative expression in WT (n=3) vs dTG (n=14) placentas. 

P<0.01, determined by t-test.
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Fig. 5: The expression profiles of mRNA in the C19MC dTG placentas.
(A) A heat map of expression profiles in 2 WT placentas and 6 dTG placentas. Each column 

represents a separate placenta. Gene expression was analyzed in 3 placentas of dTG 

conceptuses in which the embryo was of normal size (N1, N2, N3) and in 3 placentas of 

dTG conceptuses in which the embryo was smaller than the average (S1, S2, S3). Placentas 

and embryos from the WT conceptuses (N1 and N2) were of normal size. (B). RT-qPCR 

validation of expression changes in selected transcripts from the microarray results, 

including 5 upregulated (upper panel) and 5 downregulated genes (lower panel). RT-qPCR 
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was performed using WT (n=6) and dTG placentas (n=8). Significance was determined by 

one-way ANOVA with repeated measures and p values adjusted by the Benjamini and 

Hochberg’s method to control the false discovery rate. (C) Analysis of sex-dependent 

expression of Prl5a1 and Dll1, showing a significant sex-dependent expression of Dll1 and 

Prl5a1 (p <0.05 two-way ANOVA, with Holm’s method to adjust for repeated measures). 

(D) The expression of C19MC miRNA targets in WT vs dTG mouse placentas. Our analysis 

focused on human-mouse orthologs, as described in the text. The relative expression level, 

analyzed by RT-qPCR, is presented as fold change in dTG compared to WT placenta. The 

bars represent the mean of fold change of dTG (n=7) relative to WT (n=3) placentas. 

Statistical significance was determined by one-way ANOVA with repeated measures then p 

values adjusted by the Benjamini and Hochberg’s method to control the false discovery rate. 

* denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001.
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Fig. 6: The expression of Ki67 in the WT and dTG mouse placenta.
Immunohistochemistry was used to detect Ki67, counterstained with hematoxylin. Upper 

panel micrographs are from WT placentas and lower panel micrographs from dTG 

placentas. Panels A and F are no primary antibody negative control. Panels B and G are 20X 

magnification images (scale bar = 1mm) and panels C-E and H-J are 100X magnification 

images (scale bar = 100 μm). Images are representative of 3 independent experiments. Note 

that WT and dTG sections were on the same slide and were therefore exposed to identical 

experimental conditions.
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