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Abstract

Background—Multiple testing to understand global changes in gene expression based on
genetic and epigenetic modifications is evolving. Chorionic villi, obtained for prenatal testing, is
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limited, but can be used to understand ongoing human pregnancies. However, optimal storage,
processing and utilization of CVS for multiple platform testing has not been established.

Results—Leftover CVS samples were flash-frozen or preserved in RNAlater. Modifications to
standard isolation kits were performed to isolate quality DNA and RNA from samples as small as
2-5 mg. RNAlater samples had significantly higher RNA yields and quality and were successfully
used in microarray and RNA-sequencing (RNA-seq). RNA-seq libraries generated using 200 vs.
800 ng RNA showed similar biological coefficients of variation. RNAlater samples had lower
DNA yields and quality, which improved by heating the elution buffer to 70°C. Purification of
DNA was not necessary for bisulfite-conversion and genome-wide methylation profiling. CVS
cells were propagated and continue to express genes found in freshly-isolated chorionic villi.

Conclusions—CVS samples preserved in RNAlater are superior. Our optimized techniques
provide specimens for genetic, epigenetic and gene expression studies from a single small sample
which can be used to develop diagnostics and treatments using a systems biology approach in the
prenatal period.
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Introduction

Multiple platform testing, including RNA sequencing for gene expression profiles, CpG
methylation arrays for epigenetic patterns, and genome-wide platforms to assess genetic
contributions for single specimens can lead to a better understanding of the global genetic
and epigenetic contributions leading to gene expression changes that contribute to disease.
Limitations exist, as precious direct CVS specimens are small, frequently permitting only a
single tiered approach to understand the complexities of biologic systems, with different
specimens being utilized for each platform utilized. This limits the ability to control for
specimen variability and understand how genetic and methylation changes are directly
affecting gene expression.

Currently, chorionic villus sampling (CVS), used for prenatal diagnosis, determines genetic
abnormalities in an ongoing pregnancy, early in gestation, at 10-13 weeks (1). Genetic
testing is performed either by traditional g-banding karyotyping, fluorescence in situ
hybridization (FISH) or microarray as well as PCR for single gene disorders (2-4). Despite
advances, including the identification of microdeletions and copy number variants (5, 6),
testing for disorders and adverse outcomes that manifest either through posttranslational
modifications or gene expression changes have not been well studied, and may play crucial
roles in pregnancy outcomes (7). For example, epigenetic regulation through DNA
methylation, is a key factor by which environmental cues can regulate health and disease (8,
9). The most widely studied epigenetic phenomenon in the placenta is genomic imprinting
(10). A number of imprinted genes are expressed during the preimplantation period, which
may be vulnerable to disruption by environmental cues (11, 12), but the majority of studies
to date have been performed later, using term placental and cord blood samples. Thus, we
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developed protocols and techniques that enabled us to properly store chorionic villi and
isolate DNA and RNA of sufficient quantity and quality for use in multiple platform testing
for epigenetic and gene expression studies. This represents a new method for identifying
posttranslational mechanisms underlying adverse pregnancy outcomes early in the first
trimester as a potential new means of prenatal diagnostic testing, through multiple platform
testing. In addition, optimization techniques may also provide benefits to clinical
laboratories by minimizing culture requirements for molecular based prenatal diagnostic
testing, except when culture is required for cytogenetic karyotype testing.

Amniotic fluid is currently used for diagnostic testing for fetal well being such as
assessment of fetal lung maturity (13-17). However, there are some disease states that are
associated with placental function, such as IUGR and preeclampsia (18, 19) that affect fetal
well being and CVS may be a way to understand fetal states early in gestation leading to the
development of new diagnostic tools for noninvasive studies. One potential factor that may
affect diagnostics using CVS is confined placental mosaicism (CPM) which is derived from
errors specific to the outer layer of the blastocyst. However, we found that the overall the
prevalence is only 0.9% (20) and CPM in general is also associated adverse fetal outcomes
including growth retardation, poor fetal outcome, increased rate of miscarriage, and perinatal
morbidity/mortality (21-26) which ultimately may be used for diagnostics of fetal well
being.

In addition we explored the maintenance of cultured cells from CVS samples that can be
used for future functional studies, similar to the HTR-8/SVneo cell line (27). We
demonstrated that we can continue to passage CVS cells and they maintain expression of
key genes expressed in trophoblast cells. Thus, these cells can potentially be used for
functional studies which will be critical for studying the effects of altered gene expression
on first trimester trophoblast function. Our approach could form the basis for personalized
studies of the functional effects due to changes in genetics, epigenetics and gene expression
patterns for the development of precision medicine in the prenatal stage.

Chorionic Villus Sample Procurement

Chorionic villus sampling (CVS) was performed at 11-13 weeks of gestation. Tissue not
needed for genetic testing was collected under an IRB-approved protocol. Samples were
flash-frozen in liquid nitrogen or placed in RNAlater RNA Stabilization Reagent (Qiagen,
Valencia CA) and then stored at —80°C in our Prenatal Biorepository.

DNA and RNA Isolation from CVS samples

Genomic DNA and RNA were isolated from archived CVS samples that had been either
flash-frozen or stored in RNAlater. For samples with 5-15 mg of villous tissue, RNA and
DNA were isolated using AllPrep DNA/RNA Mini Kits (Qiagen). CVS samples were
thawed on ice and 600 pl buffer RLT Plus with p-mercaptoethanol was added to each
sample. The samples were homogenized by passing them at least 10 times through a 22-
gauge needle fitted to an RNase-free syringe; at least 20 times through a 25-gauge needle;
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and then at least 10 times through a 27-gauge needle. The homogenates were then loaded
onto AllPrep DNA spin columns and the remainder of the protocol was performed per the
manufacturer’s instructions. RNAs were eluted using 30 pl RNase-free water, and the eluates
were placed back on the columns and the elution process repeated a second time to increase
RNA yields. For elution of DNAS, elutions were initially performed using 100 ul of room-
temperature elution buffer (Buffer EB) for each elution. The eluates were placed back on the
columns and the elution process repeated a second time to increase yields. In later
experiments, the elution buffer was preheated to 70°C and 100 pl of preheated Buffer EB
was used for each elution.

For samples with 2-5mg of villous tissue, the AllPrep DNA/RNA Micro Kit (Qiagen) was
used. CVS samples were homogenized in 350 pl buffer RLT Plus with g-mercaptoethanol by
passing them through 22-gauge, 25-gauge and 27-gauge needles as described above. The
remainder of the protocol was followed per the manufacturer’s instructions. RNAs were
eluted using 15 ul RNase-free water, and the eluates were passed through the columns a
second time to increase RNA yields. DNA elutions were performed using 50 ul of Buffer EB
which had been preheated to 70°C, and the eluates were put back on the columns and the
elution process repeated to maximize DNA.

Sample Selection

Different samples were used when comparing RNAlater to flash-frozen specimens.
Following superior RNA isolation with samples stored in RNAlater, subsequent experiments
comparing heat elution versus no heat elution were performed using the RNAlater isolated
samples. For purification studies, the same samples were compared pre and post purification.

Microarray and RNA sequencing analysis of gene expression

Microarray analysis was performed on RNAs isolated from CVS samples from 3 different
pregnancy groups (N=3 per group) using Affymetrix Human Gene 1.0 ST Arrays. Results
were analyzed using Partek Genomics Suite 6.5. Criteria for filtering differentially expressed
genes (DEGs) was a 2-fold difference or greater change in gene expression plus group t-test
significance at p<0.05.

RNA sequencing (RNA-Seq) libraries were constructed using Illumina TruSeq Stranded
Total RNA LT with Ribo-zero Kits (P/N RS-122-2201, Illumina, San Diego). For samples,
libraries were generated using two different RNA amounts (200 ng and 800 ng respectively).
The 12 libraries were then pooled at a 4 nM concentration and 2 x 75 bp paired-end reads
were generated using Illumina NextSeq 500 using High Output 150-cycle flow cells (P/N
FC-404-1002). The pooled libraries were run on three independent flow cells.

Methylation Profiling

Genomic DNA was isolated from CVS samples as described. Some DNAs underwent
additional purification by ethanol precipitation. Genomic DNAs (500ng) were bisulfite-
converted and submitted to genome-wide profiling using the Infinium
HumanMethylation450K BeadChip (Illumina). Detection P values (<0.01) were calculated
in the GenomeStudio Methylation module. Plate and batch effects were assessed visually by
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Principal Component Analysis (PCA), and data were normalized using the Chip Analysis
Methylation Pipeline (ChAMP) package (implemented in R).

Culture of CVS cells and the HTR-8/SVneo cell line

CVS cells grown in culture for clinical genetic testing are kept for an additional 35 days.
After this time period, these cells were obtained and cultured in Chang Medium In Situ
(Irvine Scientific, T-104, Santa Ana, CA, USA). Cells were initially fed with fresh medium
every 24 hours and were passaged at ~70% confluency three times and then harvested for
RNA isolation.

The immortalized human first trimester trophoblast cell line HTR-8/SVneo, used as an /n
vivo model to study trophoblast invasion and migration (28-30), was provided by Dr. C.
Graham (Queen’s University, Kingston, Ontario, Canada). HTR-8/SVneo cells were cultured
in RPMI 1640 with Hepes buffer and L-Glutamine (Life Technologies, Grand Island, NY)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Cells
were plated on 6-well plates (Corning Life Sciences, Tewksbury, MA) at concentration of
2.5 x 10° cells/ml and grown until they reached ~80% confluency and then harvested for
RNA isolation.

RNA isolation and reverse transcription PCR (RT-PCR) analysis for cultured cells

Results

Total RNA was extracted from cultured CVS or HTR-8 cells using RNeasy minikits
(Qiagen) according to the manufacturer’s instructions. Total RNA from CVS samples,
cultured CVS cells or cultured HTR-8 cells was then used for cDNA synthesis. Briefly, 250
ng — 1 pg of RNA was reverse-transcribed using the iScript cDNA Synthesis kit (Bio-Rad
Laboratories). The expression of FOS, END, HTRAL, INHBA, and TGFB/was then
confirmed by PCR, using 18S RNA as a control. PCR was performed on an Eppendorf
Mastercycler Gradient (Eppendorf International), using Tag DNA polymerase (Qiagen) and
1 pl of the RT reaction in a 25 pl PCR reaction. The PCR conditions were as follows: initial
denaturation at 94°C for 3 min, followed by 40 cycles of denaturation at 94°C for 1 min,
annealing at 60°C for 1 min, extension at 72°C for 1 min, followed by final extension at
72°C for 10 min. The primers for human FOS, END, HTRA1, INHBA, TGFBI, and 18S
RNA are listed in Table 1.

RNA isolation from CVS samples

CVS samples with 2-5 mg tissue and 5-15 mg tissue that were flash-frozen or preserved in
RNAlater (Qiagen) and stored at —80°C were tested for the quality of obtainable RNA and
DNA. For samples with 5-15 mg tissue, RNA was isolated with AllPrep DNA/RNA Mini
Kits (Qiagen) using our modified protocol (detailed in the Methods). Due to the consistency
and small amount of tissue, homogenization of the tissue was necessary by passing them
through increasing needle gauges, otherwise RNA yield was poor (data not shown). The
yields and quality of RNAs isolated from 9 flash-frozen vs. 20 RNAlater samples were
compared. An average RNA yield of 5.6 pg was obtained from flash-frozen CVS samples,
compared to a significantly higher average RNA yield of 18 pg from RNAlater preserved
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CVS samples (Table 2). The average RNA Integrity Number (RIN) obtained from CVS
samples preserved in RNAlater was 7.7 (range 6.6 to 9.8) (Table 2 and Figure 1). For flash-
frozen CVS samples, several of the RNAs were too low in quality to produce a measureable
RIN, but for those measured, the average RIN was significantly lower at 2.5 (Table 2 and
Figure 1).

For samples with 2-5 mg tissue, 9 flash-frozen samples were compared to 7 RNAlater
samples. RNA was isolated with an AllPrep DNA/RNA Micro Kit (Qiagen), using our
modified protocol (detailed in the Methods). An average RNA yield of 443 ng was obtained
from flash-frozen CVS samples, whereas a significantly higher average yield of 5.7 pug was
obtained from RNAlater preserved CVS samples (Table 2). The average RIN obtained from
RNAIlater preserved CVS samples was 7.7 (range 7.3 to 8.1) (Table 2 and Figure 1). Again,
some of the RNAs from flash-frozen CVS samples were too low in quality to produce a
measureable RIN, but for those measured, the average RIN was significantly lower at 3.0
(Table 2 and Figure 1).

Utility of isolated RNA in gene expression studies

The utility of the higher-quality RNAs that were isolated from RNAlater samples was tested
using gene expression microarrays and RNA sequencing. Microarray analysis was
performed on RNAs isolated from CVS samples from 3 different pregnancy groups using
Affymetrix Human Gene 1.0 ST Arrays, and the results were analyzed using Partek
Genomics Suite 6.5. Using a cutoff of a 2-fold difference or greater change in gene
expression plus group t-test significance at p<0.05, a number of DEGs were identified in the
different pregnancy groups.

RNA sequencing (RNA-seq) was performed using six samples, and libraries were generated
for each of these samples using two different RNA amounts (200 ng and 800 ng
respectively). The total number of fragments sequenced and percent of fragments mapping
to the hg19 transcriptome between RNA-seq libraries generated using 200 versus 800 ng of
total RNA were highly similar (Supporting Data), despite variation in sequence yield and
accuracy across the three flowcell sequencing runs. Multi-dimensional scaling plots
confirmed this observation and revealed that the variation in expression due to library
preparation was smaller than the effects of sample and sex (Figure 2; MDS plot). We then
calculated the biological coefficient of variation (BCV; a measure of the biological
variability of an individual gene) for all hg19 RefSeq genes across the 200 ng and 800 ng
libraries. We observed a 2.5% increase in BCV in the 200 ng libraries (Figures 3—-4). The
difference was small relative to the mean BCV in both library types (30% for 800 ng, 33%
for 200 ng, Figure 4a) and was consistent across both lowly and highly variable genes
(Figure 4b).

DNA isolation from CVS samples

For the CVS samples methods for DNA isolation were evaluated. For samples with 5-15 mg
tissue, DNA was isolated with AllPrep DNA/RNA Mini Kits (Qiagen) using a modified
protocol (detailed in the Methods). Initially for RNAlater preserved CVS samples, DNAs
isolated using room temperature elution buffer resulted in average DNA yields of 1.74 ug
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(Table 3). The protocol was modified by preheating the elution buffer to 70°C. A significant
increase in the average DNA yields to 4.44 ug was seen when comparing 8 samples without
heat elution to 12 separate samples with heat elution (Table 3). For flash-frozen CVS, all
elutions were performed using heated elution buffer, an average yields of 10.38 ug were
obtained (data not shown). With respect to DNA quality, average Aogo/Asgg and Axgo/Asg
ratios of 1.86 and 0.06 respectively were obtained for samples preserved in RNAlater when
room-temperature elution buffer was used, and these increased significantly to 1.94 and 0.11
respectively when heated elution buffer was used (Table 3). For flash-frozen CVS samples,
all were isolated using heated elution buffer, average Ajgg/Azgp and Aggo/Arag ratios of 1.91
and 0.46 respectively were obtained (data not shown).

For CVS samples with 2-5 mg tissue, DNA was isolated with an AllPrep DNA/RNA Micro
Kit (Qiagen), using a modified protocol (detailed in the Methods) using preheated elution
buffer. Average DNA vyields were 2.83 ug for RNAlater preserved CVS samples (Table 3),
and 5.07 pg for flash-frozen samples (data not shown). Average Axgo/Azgo and Axgo/Azzg
ratios were 1.92 and 1.57 respectively for RNAlater preserved samples (Table 3), and 1.97
and 2.93 respectively for flash-frozen samples (data not shown).

Utility of isolated DNA in epigenetic studies

The utility of isolated DNA was tested in methylation profiling. As the Axgo/Agsg ratios
initially obtained were below those recommended for methylation profiling, 3 ug of selected
DNAs were further purified by ethanol precipitation in 15 samples. For these samples, the
average Aygo/Aosg ratio improved from 0.31 to 2.46 for samples with 5-15 mg of starting
tissue (Table 4). However, the average sample recovery was only 37% (Table 4), leaving less
than the minimum 500 ng required for methylation profiling for some samples. For 15
samples with 2-5 mg of starting material, the average Agg/A23g ratio did not improve from
2.36 to 2.30 but the average sample recovery was only 46%, Therefore, we compared the
utility of purified and non-purified DNAs from flash-frozen and RNAlater samples. Purified
and non-purified genomic DNAs from flash-frozen CVS samples and RNAlater preserved
samples all underwent bisulfite conversion. All samples had >99.9% call rate, and two
independent technical replicates were clustered tightly. Importantly, purified samples (n =
18) did not segregate from the same samples that were non-purified(n=3) on PCA analysis
(Figure 5), and methylation patterns in purified and non-purified DNAs from the same
samples were highly similar (Figure 6).

As purification of genomic DNA was not necessary for methylation profiling, we performed
genome-wide methylation profiling on unpurified genomic DNAs from 3 different
pregnancy groups using the Infinium HumanMethylation450K BeadChip. Detection P
values (<0.01) were calculated in the GenomeStudio Methylation module. Plate and batch
effects were assessed visually by Principal Component Analysis (PCA), and data were
normalized using the Chip Analysis Methylation Pipeline (ChAMP) package (implemented
in R). Significantly differentially methylated loci were then analyzed using Ingenuity
Pathway Analysis (IPA) and identified a number of genes to be differentially methylated
(31).
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Utility of cultured CVS cells for future functional studies

Gene expression analysis—We also tested whether CVS cells can be grown in culture
long term and maintain expression of key genes expressed in trophoblast cells. Under
appropriate conditions (Methods), CVS cells can be maintained for at least an additional 4
passages after completion of clinical genetic testing. We compared expression patterns of
key genes involved in trophoblast growth and development in these cultured CVS cells to the
patterns in isolated CVS samples and the HTR8/SVneo cell line (28-30). Similar expression
of human FOS, END, HTRA1, INHBA and TGFB/was detected in isolated CVS samples,
HTR8/SVneo cells and our cultured CVS cells, but the same pattern of expression was not
seen in an unrelated tissue type (liver) (Figure 7). The results shown are representative of
three different experiments from 3 different subjects. This demonstrates that these cells
maintain a similar signature to isolated CVS and the HTR8/SVneo cells and thus have the
potential to be used for future functional studies.

Discussion

We demonstrated that modifications to protocols can be used to isolate sufficient quantities
of high-quality RNA and DNA for multiple array-based downstream applications including
gene expression microarrays, RNA sequencing and methylation profiling, from small
amounts of material, even as small as 2-5 mg, when properly preserved and stored. These
refinements in techniques described for these precious small samples allows for prenatal
diagnostic testing using a systems biology approach through multiple platform testing.

In addition, our findings demonstrate that utilization of leftover material following CVS can
be used to study an ongoing human pregnancy and cultures derived from CVS samples can

be grown for at least 4 additional passages and used for isolation of DNA and RNA, and the
possibility for use in functional studies. These findings illustrate the importance of leftover

CVS samples and cell cultures as a resource for research and additional prenatal diagnostic

testing.

CVS samples are the earliest timepoint at which we can study first trimester placental
trophoblasts in ongoing human pregnancies that can be followed to term. This is important
as the biological foundation of pregnancy-associated pathologies is laid in the first trimester
of pregnancy, as placentation occurs throughout the first trimester of pregnancy and
aberrations leading to abnormal placentation are associated with adverse pregnancy
outcomes (32-36). However, most studies of abnormal placentation have relied on term
placental samples obtained at delivery to identify possible causative factors (32, 37), and it is
unclear whether identified factors are involved in the early manifestations and actual
development of disease, or are markers of disease progression. Our identification of
techniques for the proper storage of CV'S samples and isolation of RNA and DNA of
sufficient quality and quantity for use in downstream gene expression and methylation
profiling is significant as it allows for comparative analyses of samples from healthy
pregnancies vs. those with specific adverse outcomes. It also provides for the identification
of gene expression and methylation patterns during placentation in normal human
pregnancies, rather than relying on animal models.
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Techniques outlined may be utilized initially in the research setting to better understand
placental function, particularly methylation changes and gene expression changes in the first
trimester. We identified differences in methylation patterns in CVS samples from patients
undergoing different types of fertility treatments and these patterns differ from those that are
identified at term (31, 37, 38). Findings from research studies can ultimately be used to
develop noninvasive diagnostic tools to understand placental function in normal and disease
states, similar to already developed noninvasive diagnostics utilizing methylation alterations
for identification of circulating fetal DNA for NIPT testing (39, 40). Furthermore, as fetal/
placental RNA is also identified in the maternal circulation and associated with placental
disease states, further identification of markers are necessary to identify disease early in
gestation (18, 19).

Although high quality RNA can be obtained from multiple other tissues following flash
freezing, leftover CVS samples yielded measurable quantities of RNA, however not of
sufficient quality for use in downstream applications. In contrast, RNAlater preserved CVS
samples yielded significantly higher-quality RNA that was successfully used for downstream
microarray and RNA sequencing studies. In addition, average RNA yields from RNAlater
preserved samples were significantly higher than flash-frozen samples. These differences in
RNA yields and quality were observed regardless of whether the RNAs were isolated using
the AllPrep DNA/RNA Mini or Micro Kit, supporting that preservation was the primary
determinant of RNA yield and quality. Even samples with only 2 mg of villous tissue
yielded over 1.5 ug of RNA, sufficient for microarray or RNA sequencing analysis, and
should be preserved.

RNAs isolated from RNAlater preserved samples were successfully used in gene expression
microarrays and RNAseq analyses, indicating that the quality of RNAs is sufficiently high
for use in these applications. Given the small size of these samples, it is also encouraging
that libraries built with as little as 200 ng of RNA could be successfully used for RNAseq.
Although the mean BCV for the 200 ng libraries were slightly larger than that for the 800 ng
libraries, the magnitude of the difference was around 0.025 BCV, which is less than 1/10t
the average BCV seen in either library type, and was spread uniformly across the majority of
the BCV spectrum and consistent across both lowly and highly variable genes. Overall, these
data indicate that whole transcriptome RNAseq is feasible using 200 ng of total RNA from
CVS samples, similar to quantities for formalin fixed paraffin-embedded (FFPE) tissue (41).

Although DNA:s isolated from flash-frozen CVS samples, resulted in both higher average
DNA yields and DNA quality (Aogp/Az3 ratio) than RNAlater samples, our modifications,
including preheating the elution buffer, significantly improved DNA yield and quality even
from RNAlater samples, thus permitting us to use individual samples for multiple platform
testing. Genomic DNAs from both flash-frozen and RNAlater samples successfully
underwent bisulfite conversion and could be used for methylation profiling, suggesting
slightly lower quality of DNAs from RNAlater samples did not significantly affect their
utility. Given the importance of being able to isolate high quality RNA from CVS samples
for downstream gene expression analyses, and the fact that preservation of RNAlater did not
affect the utility of the isolated DNA, preservation in RNAlater is superior to flash-freezing.
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Thus, it continues to be important to consider proper initial storage of these precious
samples.

An additional finding was that purification of DNA was not necessary. Purified and non-
purified genomic DNAs all underwent bisulfite conversion and did not segregate on PCA
analysis. This finding is extremely important as purification of the DNAs resulted in
significant loss of DNA, with some less than the minimum 500 ng required to run the
BeadChip after purification. In contrast, using non-purified samples allows us to perform
BeadChip methylation analyses, potential repeat analyses and additional genomic testing.
Given the relatively small number of samples available from pregnancies with specific
adverse outcomes, this is tremendously important.

Another goal was to determine whether cultured trophoblasts from CVS samples can be
maintained and have a similar signature to freshly isolated CVS cells and the HTR-8/SVneo
cell line for functional studies in the future. We found that CV'S cells kept for 35 days could
be revived and maintained for an additional 4 passages. We also found key genes expressed
in fresh CVS samples and the HTR8 first trimester trophoblast cell line showed the same
pattern of expression in these cultured CVS cells. This finding suggests that it may be
possible to use cultured CVS cells for functional studies of trophoblast migration, invasion
and proliferation, and test how these may be affected by differences that occur early in
gestation or assist in identification of pathways leading to adverse pregnancy outcomes. It
might also be possible to differentiate these cells, similar to pluripotent stem cells or
cytotrophoblast cells from term placenta (42, 43) to conduct functional studies in the future.

Conclusions

Our results demonstrate that CVS samples represent a tremendous resource for research and
development of future diagnostics. When preserved in RNAlater, these samples can be used
for the isolation of DNA and RNA of sufficient quality and quantity for multiple platform
testing, including gene expression microarrays, RNA sequencing and methylation profiling,
even with as little as 2 mg of villous tissue. These samples provide a window into the gene
expression and epigenetic changes that occur in first trimester trophoblasts during the time
when placentation occurs in human pregnancies that can be followed to term and beyond.
Although CVS is clinically utilized for genetic testing, and there have been some studies
demonstrating the utilization of CV'S samples for either differential methylation or gene
expression changes (44—-46) none have been performed to utilize even small amounts of
unused villi for multiple platform testing. Our refined techniques outlined give us the ability
to conduct genetic, epigenetic and gene expression studies on a single sample. With the
advent of personalized medicine, multiple platform testing, and the ability to culture
trophoblasts from individual CVS samples for future functional studies, proper storage and
processing with techniques outlined could be now used as a research tool and may be
developed further for diagnostics using a systems biology approach and potentially for
treatment of conditions that may manifest early in gestation.
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What’s already known about this topic?
. Chorionic villus sampling (CVS) tissue is used for diagnostic testing of
genetic disorders.
. Due to sample size, CVS specimens are limited to single platform
testing.
What does this study add?
. Our refined techniques outlined for proper storage and processing of

direct CVS specimens gives us the ability to conduct genetic,
epigenetic and gene expression studies on a single sample that can be
used for the development of diagnostics and potentially treatments
using a systems biology approach for conditions that manifest early in
gestation.
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Figure 1.
Qualities of RNAs isolated from CVS samples preserved in RNAlater vs. flash-frozen.
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Multi-dimensional scaling (MDS) plot demonstrating that samples separate primarily by sex
(males in blue on the left, females in pink on the right); then by sample identity; then by
library prep (small vs. large numbers for 200 ng and 800 ng preps. respectively). The same 3
male and 3 female samples were used comparing 200 ng and 800 ng preps from 3 different

flow cells.
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Plots of biological coefficient of variation (BCV) for 200 ng and 800 ng library preparations

from the same samples.
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Figure 4.

Variations in BCV in 200 ng vs. 800 ng library preparations from the same samples.
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Figure 5.

Principal component analysis (PCA) of 18 purified and 3 non-purified DNA samples.
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Figure 6.
Scatter plots depicting the correlation coefficients for § methylation values from the same

DNA samples with and without ethanol purification. Top panel: DNA from a female subject
with and without ethanol purification, r?=0.9921. Bottom panel: DNA from a male subject
with and without ethanol purification, r2=0.9933.
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Figure 7.
Gene expression patterns in the HTR-8/SVneo first trimester trophoblast cell line, a fresh

CVS sample, and cultured CVS cells. Expression patterns of the same genes in liver are
shown for comparison.
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Primer sequence used for real-time PCR (RT-PCR) analyses.

Table 1

Gene Symbol ~ Sequence (5-3")
FOS F: TGTCTGTGGCTTCCCTTGATCTGA
R: TGGATGATGCTGGGAACAGGAAGT
END F: GGTGACAAGTTTGTCTTGCGCAGT
R: ACAGGATATTGACCACCGCCTCAT
HTRA1 F: ATTGACCCATAGGCAGAGGCATGA
R: AAGAAGGATTCTCTTGGCCAGGGA
INHBA F: ACATCGGCTGGAATGACTGGATCA
R: AGCACGATTTGAGGTTGGCAAAGG
TGFBI F: GTCCACAGCCATTGACCTTT
R: ACCGCTCACTTCCAGAGAGA
18S RNA F: TCAACTTTCGATGGTAGTCGCCGT

R: TCCTTGGATGTGGTAGCCGTTTCT
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Quantities and qualities of RNAs isolated from CVS samples preserved in RNAlater vs. flash-frozen.

Table 2

RNA later Frozen p-value”

5-15mg (n =20) (n=9)

RNA conc (ng/pl) 621 + 284 188 + 231 0.0007

RNAyield (ng)  18,624+8517 5650+6,923 0.0007

RIN 7.7+0.86 25+11 0.0001
2-5mg (n=7) (n=9)

RNA conc (ng/ul) 342 +278 284+321 0.0008

RNA yield (ng) 5715+3733 443 + 469 0.0008

RIN 7.7+0.30 3012 0.0027

*
Mann-Whitney test
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Quantities and qualities of DNAs isolated from CVS samples without and with heat elution.

Table 3

RNA later No heat elution ~ RNA later Heat elution  p_y51ye*

5-15mg
DNA conc (ng/ul)
DNA yield (ng)
Aa60/280
Aa60/230

2-5mg
DNA conc (ng/ul)
DNA yield (ng)
A260/280

A260/230

(n=8) (n=12)
38.7+30.1 50.5+21.2 0.0372
1,740 + 1,356 4,441 + 2,010 0.0026
1.86+0.11 1.94+0.10 0.0274
0.06 + 0.04 0.11 +0.06 0.0112

(n=7)

56.7 + 33,7

2,834 + 1,684

1.92 +0.06

157 +1.23

*
Mann-Whitney test
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Table 4

Effect of ethanol purification on DNA yields and quality.

Before Purification  After Purification  p_yqjue *

5-15mg (n=15) (n=15)

DNA yield (ng) 77605151 2207+731 0.0007

Aosorzso 1.93+0.091 1.85+0.097 0.0258

Assoi230 0.31+0.20 2.4620.68 0.0007
2-5mg (n=15) (n=15)

DNA yield (ng) 4086 + 3038 1672 + 946 0.0007

As0i280 1.95 +0.86 1.86 + 0.063 0.004

Ags0/230 2.36+2.12 2.30+0.40 0.38

*
Wilcoxon sign rank test for paired non-parametric data
% recovery for 5-15mg = 37%

% recovery for 2-5mg = 46%
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