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Abstract

Background: The renin-angiotensin system (RAS) is present in human placental tissue and
participates in regulation of maternal-fetal blood flow during pregnancy. RAS expression in
placental tissue is regulated by various hormones and is altered in various disease conditions.
An in vitro system is needed to further investigate regulation of the placental RAS. To this end,
we studied RAS expression in the human placenta-derived cell line CRL-7548.

Methods: CRL-7548 cells were cultured in plastic plates. Total RNA was extracted, reverse
transcribed, and amplified by polymerase chain reaction (PCR) with specific primers.
Angiotensin Il peptide in the culture media was measured by radioimmunoassay. Renin
activity was detected by radioimmunoassay measuring angiotensin | generated. Angiotensin
receptor type | was detected by Western blot.

Results: Specific mRNA for angiotensin, renin, angiotensin converting enzyme, and
angiotensin receptor type | was detected by real-time PCR. Renin activity was detected in the
placental cell lysate, and angiotensin Il peptide, the final product of the RAS system, was
detected in cell culture media by radioimmunoassay. Angiotensin receptor type | was
identified as a 41-kDa protein in cell lysates by Western blot.

Conclusions: These results demonstrate that all necessary components of the classic RAS
are expressed in the human placental cell line CRL-7548. This cell line may prove useful as an

in vitro system for studying RAS regulation in the placenta.
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he renin-angiotensin system (RAS) plays an important role in the development

and regulation of arterial pressure during a variety of physiologic and

pathophysiologic conditions. In the classic RAS, angiotensin | (Ang 1) is formed
by the proteolytic cleavage of the N-terminus of angiotensinogen (AGT) by renin.
Angiotensin converting enzyme (ACE) in turn converts the decapeptide Ang | to the
octapeptide angiotensin Il (Ang I1). Ang Il exerts the biological functions of the RAS by
binding to the two major Ang Il receptors: Ang Il receptor type | (AT1R) and type Il (AT2R).

Ang Il has a similar affinity for both receptors.

In addition to the presence of RAS in circulating blood, the actions of RAS can occur via
generation and activity of RAS components at tissue sites. The presence of a local RAS has
been demonstrated in several tissues, including human placenta."® There is significant
evidence to suggest that the local RAS in the placenta is involved in physiologic and
pathophysiologic processes during pregnancy . Ang Il is involved in the regulation of
uteroplacental vascular resistance and blood flow.® Low Ang Il concentrations increase
uteroplacental blood flow, whereas high concentrations of Ang 11 reduce blood flow.***
Additionally, Ang Il activates plasminogen activator inhibitor-1 gene expression through

ATIR and, thus, inhibits human trophoblast invasion, a process involved in the physiological

union between maternal and fetal circulatory systems.*?

To facilitate the research of RAS regulation in the placenta and study of the underlying
mechanisms, an in vitro system, such as a placental cell line, is needed. Here we report a
human placental cell line, CRL-7548, that expresses all the components of the classic RAS

necessary for function.
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Materials and Methods

Cell Culture

A human placenta-derived cell line, CRL-7548 (5 months gestation), was obtained from the
American Type Culture Collection (Manassas, VA). The human placental cells were cultured
in plates with Dulbecco’s Modified Eagle Medium (DMEM [Mediatech, Inc., Herndon, VA])
and 10% fetal bovine serum (FBS [Sigma, St. Louis, MO]) at 37° C for 2 to 3 days to reach

approximately 80 - 90% confluence before experiments.

RNA Preparation

Placental cells were cultured without FBS overnight and washed with phosphate buffered
saline (PBS) before collection and RNA extraction. Total RNA was extracted from cells
using Trizol (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. Total
RNA was resuspended in diethylpyrocarbonate-treated water and quantitated by

spectrophotometry.

Real Time Polymerase Chain Reaction

RNA (1 pg) was reverse transcribed with random primers and Moloney murine leukemia virus
reverse transcriptase in a final volume of 50 pl. A 2 pl volume of cDNA was amplified by
TagMan real-time polymerase chain reaction (PCR) using the Roche LightCycler 480 system
in a final volume of 50 pul in LightCycler Probe Master solution containing 0.5 pM of each
specific primer and 0.2 uM fluoresceinated probe for 40 cycles. Primers were designed from
different exons of each gene to avoid amplifying genomic DNA. The sequences of the primers

and probes used in this study are listed in Table 1.
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Preparation of Cell Lysate and Conditioned Media

Culture medium was changed to FBS-free DMEM overnight and cells were washed several
times with PBS to avoid possible contamination with FBS, which may contain RAS proteins.
Cells were harvested and sonicated twice for 20 seconds on ice in 1 ml of protein lysis buffer
with a protease inhibitor cocktail (Sigma, St. Louis, MO), followed by centrifugation at 1500
rpm for 2 minutes at 4°C. The protein concentration in the supernatant was determined using
the Bio-Rad Protein Assay as instructed. For detection of Ang Il in culture medium from the
human placental cells, cells were washed with PBS and the culture medium was replaced
with FBS-free DMEM. After two days, cell culture media was collected and a protease
inhibitor cocktail was added. This is referred to as conditioned media. As a control,

unconditioned media was prepared the same way in the absence of cells.

Radioimmunoassay (RIA) for Ang Il and Renin Activity Assay

Conditioned culture medium (100 pl) was used for RIA of Ang Il according to the
manufacturer’s protocol (ALPCO Diagnostics, Buhlmann Laboratories, Switzerland).
Unconditioned culture medium was used as a control. Each sample was analyzed in duplicate.
Renin activity was indirectly measured by quantitation of Ang I generated by cleavage from
AGT. Cell lysates were split in two and one fraction was incubated on ice while the other was
incubated at 37°C. Ang | was measured by radioimmunoassay. Specific renin activity was
determined by subtracting the concentration of Ang I in the tube incubated on ice from the

Ang | concentration obtained after incubation at 37°C to correct for endogenous Ang I.

Western Blot Analysis
Thirty micrograms of protein from cell lysates were subjected to electrophoresis in 12%

denaturing polyacrylamide gels (SDS-PAGE) and electrotransferred onto nitrocellulose
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membranes. The membrane was incubated with AT1R-specific primary antibodies (AT1
N-10 P [Santa Cruz Biotechnology, Santa Cruz, CA]) overnight at 4°C. The membrane was
incubated with a secondary antibody conjugated to horseradish peroxidase for one hour at
room temperature. The film was developed using a chemiluminescent substrate (Amersham,

Buckinghamshire, UK) and was exposed to the x-ray film for one hour.

Results

Specific mRNAs for AGT, renin, ACE and AT1R were detected in the human placental cell
line by TagMan real-time PCR analysis. PCR products for AGT, renin, ACE, AT1R and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were found to be of the predicted size
on agarose gels (figure 1). The authenticity of the PCR products was confirmed by DNA
sequencing (data not shown). We were unable to reliably detect AT2R mRNA suggesting that

AT2R is either not expressed or expressed at a very low level in the human placental cell line.

Since Ang Il is the final biologically active product of the RAS and exerts its biological
effects by binding to the Ang Il receptors, we focused on two key proteins in the RAS,
namely Ang Il and AT1R. The Ang Il peptide was detected in the conditioned medium by
radioimmunoassay, but not in the control culture medium (figure 2). AT1R was detected as a
41-kDa protein in the placental cell lysate by Western blot analysis using an AT1R-specific
antibody (figure 3). Renin activity (0.01 to 0.04 ng Al/ml/hour) was detected in the placental
cell lysate via measurement of angiotensin I by radioimmunoassay. ACE activity was not
detected in several attempts using a spectrophotometric assay with substrate

N-[3-(2-furyl)acryloyl]-L-phenylalanyl-L-glycyl-L-glycine.
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Discussion

In addition to the classical view of the systemic RAS, studies have shown that the
components of the RAS are synthesized locally in many tissues, including the placenta.™®
AGT has been detected in human placenta.**** While some AGT may be taken up from the
maternal or fetal circulation, studies using PCR amplification have demonstrated AGT
mRNA in the human placenta indicating local expression.'>*® Several studies have

demonstrated in vitro secretion of prorenin from explants of the human uteroplacental

17,18 15,19

unit,”" and renin mRNA in the placenta has been demonstrated by PCR amplification.
In the human placenta, the amount of ACE mRNA increases over the course of pregnancy,
but decreases near term; whereas ACE activity increases during the course of pregnancy.”
AT1R is the predominant form of Ang Il receptor in the human placenta®?? with AT2R
accounting for only 0% t010%.%2?° Both AT1R protein and ATIR mRNA levels increase
during pregnancy and reach the highest levels at term.?” Thus, the placental tissues contain all
the necessary components for a functional RAS. The results of our study highlight the
existence of a functional RAS in a human placental cell line, which may be useful for in vitro
studies. We found evidence of mRNAs for all necessary components of the RAS in the
human placental cell line CRL-7548. Additionally, we demonstrated secretion of Ang Il

peptide and the presence of its target receptor AT1R in this placental cell line, indicating that

the RAS was both present and functional.

The placenta is one of the major sites of extra-renal RAS during pregnancy. The RAS in the
placenta is highly regulated during pregnancy and the expression of RAS in the placenta is
altered significantly in diseased conditions such as preeclampsia.?®* Several experimental
models have been used in studies of the RAS in human placenta, including human placental

tissues from various gestational stages and diseased conditions, primary placental tissue
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culture and cell culture, and placental cancer cell lines.”®% Studies on human placental
tissues directly observe changes of RAS activity in various physiological and diseased
conditions. In vitro systems such as primary placental tissue or cell culture offer a controlled
environment to test specific cellular and molecular hypotheses of RAS regulation and
contribute greatly to our understanding of the underlying mechanisms. However, the
preparation of primary placental organ or cell cultures is labor intensive and fresh preparation
is required for every experiment. Placental cancer cell lines provide the advantage of
convenience as they can be propagated indefinitely, but may have retained very little of the
original in vivo characteristics. To facilitate the study of the RAS in the placenta, a
non-cancerous human placental cell line is needed as a system for in vitro study. The human
placental cell line reported here, CRL-7548, expresses all necessary components of the RAS
and thus provides a useful tool for in vitro studies. To the best of our knowledge, this is the
first reported non-cancerous, non-transfected human placental cell line that expresses all

necessary components of RAS.

The wide distribution of the components of the RAS in the placental unit and the presence of
Ang |l receptors in the placenta as a target for Ang Il suggests paracrine and autocrine RAS
functions in the placenta. It was suggested that Ang Il produced in the maternal uterine
placental bed may have a paracrine role by acting on AT1R in adjacent placenta to
vasoconstrict fetal chorionic villi vessels, thus regulating maternal-fetal oxygen exchange.®
Our finding of a human placental cell line that expresses all components of the RAS,

including AT1R, further supports this notion and suggests an autocrine function.

In pregnancy, in addition to the changes of the local RAS in the placental tissue, there is

increasing activity of the systemic RAS including increased circulating levels of AGT.* The
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systemic RAS may affect the local placental RAS. We have previously reported the presence
of an AGT receptor on the same placental cell line used in this study.*® This AGT receptor
may provide a link between the systemic RAS and the local placental RAS. Binding of AGT
to the AGT receptor may cause internalization of the AGT-receptor complex and the released
AGT could participate in an intracellular RAS. The human placental cell line with
documented internal RAS reported here could be used to study the function of the AGT

receptor and the interaction between the external and internal RAS in the placenta.

No AT2R mRNA was detected in the human placental cell line in the present study. This
finding is consistent with reports from other studies demonstrating that AT1R is the
predominant Ang Il receptor in the human placenta.?** Additionally, both AT1IR mRNA and
protein have been show to localize to the cytotrophoblast and syncytiotrophoblast in human
placental villi during early and late pregnancy.?” RT-PCR is a very sensitive method to detect
MRNA,; therefore, it is likely that AT2R is not expressed in the placental cell line, although
we cannot completely exclude the possibility that AT2R is expressed at a very low level or

under different conditions.

There are some limitations to our study. We failed to detect ACE protein activity with several
attempts. While the presence of Ang Il in the culture media and the presence of ACE mRNA
in cells indirectly suggest ACE activity, we are not able to directly prove the presence of
ACE protein in this cell line. One possible explanation is that our methodology designed to
measure ACE activity in serum may have been inadequate for the detection of ACE activity
in cell lysates. Another possibility is that Ang Il could be converted from Ang |

nonspecifically by non-ACE enzymes, such as chymase.
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Conclusion

In conclusion, we have identified a human placental cell line (CRL-7548) that expresses all
necessary components of the classic RAS. Results suggest the potential for both autocrine
and paracrine function of the RAS in the placenta and this cell line may provide a useful in

vitro system for the study of RAS regulation in the placenta and the underlying mechanisms.
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Table 1. Primer and Probe Design and Accession Number in GeneBank

Gene Primers Probe GeneBank
accession #

ATG (F) cca ttc tgc aca ccg ag 6FAM-tag act ctg tgg gct ctc tct cat NM-000029
(R) caa gac ctc agg ctt gttaag  ccg-BBQ

Renin (F) tga cac tgg ttc gtc caa tg 6FAM-tgc cct cct cca agt gca gcc-BBQ ~ NM-000537
(R) agc tgg agg aat ccg aag ¢

ACE (F) caa ctt cga ctg gtg gta tct t 6FAM-ccc act ttg atg ctg gag cta tgt NM-000789
(R) ctt cat gga act gga act gc ttc-BBQ

AT1R Purchased from Applied Assay ID: Hs00258938-1 NM-000685
Biosystems Sequences unavailable
Sequences unavailable

GAPDH (F) gaa ggt gaa ggt cgg agt ¢ 6FAM-caa gct tcc cgt tct cag ct-BBQ NM-002046

(R) gaa gay ggt gat ggg att tc
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Figure Legends

Figure 1. Detection of AGT, renin, ACE and AT1R mRNA expression by real-time PCR.
Amplification products of (A) AGT (128 bp), renin (121 bp), ACE (164 bp), and (B) AT1R (80
bp) and GAPDH (225 bp) obtained from placental cell total RNA were visualized on ethidium
bromide stained 2% agarose gels. Reverse transcriptase (RT) was present (+) or absent (-) in
the step of reverse transcription. No PCR products were seen in samples when RT was omitted
(-)- A 50 bp DNA ladder was used as a size marker (M). GAPDH refers to the internal control

gene, glyceraldehyde 3-phosphate dehyrodrogenase.

A B

350 bp
150 bp 350 bp
50 bp
50 bp
RT + - + -
M  AGT Renin ACE M AT1R GAPDH
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Figure 2. Secretion of immunoreactive Ang Il into culture medium by human placental cells.
Conditioned media (n = 6) was collected from plates with culture placental cells. Controls are
unconditioned media (n = 6) from plates without cultured cells. VValues are pictograms

immunoreactive Ang Il per milliliter of culture medium.

Angiotensin Il Peptide
30

25

20

pg/mi

-

Conditioned Medium Control Medium
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Figure 3. Representative Western blot experiment showing the expression of the AT1R in
human placental cells. Lanes 1 and 2 are placental cell lysates from separated preparations.
Approximately 30 pg of lysate proteins were loaded on each lane. A single band of 41 kDa

protein was detected using an AT1R-specific antibody.

1 2

41KDa —s| el
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