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Leukocytes found at the human maternal-fetal interface participate in the inflammatory process associated with
both preterm and term labor; therein, effective methods for their isolation that allow further phenotypic and
functional analyses are necessary. Leukocyte isolation is usually carried out through scraping or enzyme di-
gestion of the choriodecidua, however both methods usually limit the use of downstream immunophenotyping
or transcriptomic techniques. Here we describe an isolation method based on gentle trypsin digestion that yields
a leukocyte-enriched cell mixture with high lymphocyte viability, although less viable myeloid cells. We show
that the method does not compromise cell surface markers since isolated leukocytes are suitable for flow cy-

tometry; and that high quality RNA can be obtained from these cells for qRT-PCR and microarray analyses.

1. Introduction

Leukocytes that infiltrate the maternal-fetal interface seem to play
an important role in the local inflammatory process established during
both preterm and term human labor (Gomez-Lopez et al., 2014). Ma-
ternal leukocytes, both innate and adaptive, are recruited to the chor-
iodecidual portion of the maternal-fetal interface through selective
chemotaxis (Gomez-Lopez et al., 2013a, 2009). Once infiltrated, they
contribute to establish a local pro-inflammatory environment by se-
creting several effector molecules including cytokines, chemokines,
prostaglandins and metalloproteinases (Challis et al., 2009; Norman
et al., 2007). Therefore, effective methods for isolating these cells that
allow further phenotypic and functional analyses are necessary.

Commonly used isolation methods include scraping of the chor-
iodecidua (Nagaeva et al., 2002), enzymatic digestion (White et al.,
2000) or their combination (Xu et al., 2015). Scraping is suitable for
flow cytometry (Gomez-Lopez et al., 2013b), but yields fewer cells with
compromised viability (Ritson and Bulmer, 1987) and diminished

nucleic acid integrity. Enzyme-based isolation yields higher leukocyte
numbers while preserving cellular and molecular integrity, but may
lead to loss of cell surface antigens particularly when using proteases
for long incubation periods (e.g. 2h) (White et al., 2000), thereby re-
ducing the possibility of analysis through immunophenotyping.

Here we describe a method for isolating human choriodecidual
leukocytes combining gentle trypsin digestion with magnetic cell
sorting, and show its compatibility with downstream flow cytometry,
gPCR and microarray analyses.

2. Methods
2.1. Biological samples

We obtained fetal membranes from women with term pregnancies
(=37 weeks of gestation), without infection or autoimmune patholo-

gies (Table 1), that delivered at the Instituto Nacional de Perinatologia
in Mexico City. All participants signed an informed consent (project
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Table 1
Characteristics of participating women.
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Flow cytometry samples

RNA samples

qRT-PCR samples Microarray samples

n=9) (n =15) (n=6) (n =10)
Maternal age 31 (16-40) 29 (16-35) 25 (18-41) 27.5
(16-35)
Gestational age 39.3 (33.0-40.2) 38.5 38.8 (38.1-40.2) 38.5
(weeks) (36.6-40.6) (36.6-40.0)
Number of pregnancies 2.0 (1-5) 2.0 (1-5) 1.5 (1-4) 2.0
(1-3)
Newborn’s sex Female = 5 Female = 6 Female = 5 Female = 4
Male = 4 Male = 9 Male = 1 Male = 6
Labor / no labor 2/7 8/7 0/6 5/5
Route of delivery 2/7 7/8 0/6 5/5

(vaginal / c-section)

Values are presented as medians (range). Most women delivered by elective cesarean section due to personal or familial history of pregnancy-related

complications according to institutional policies.

register 212250-02191). Membranes were cut from the placenta, placed
in sterile containers and transported to the laboratory within the first
hour.

2.2. Isolation of choriodecidual leukocytes

We manually separated chorion from amnion (which was dis-
carded), removed blood clots, and cut the chorion together with de-
cidua parietalis into small pieces (approximately 3 X 3 cm). We then
incubated the pieces at 37 °C for 10-15min with gentle shaking at
approximately 80 x RPM in 100 ml of DMEM containing 0.1% trypsin
(100 mg/ml).

Other reported isolation techniques use trypsin as part of a protease
cocktail with long incubation periods. White et al. used 1.4 mg/ml of
trypsin together with pancreatin, dispase, collagenase and hyalur-
onidase, and incubated for 2h (White et al., 2000). Xu et al. used
mechanical disaggregation of the tissue followed by a 45 min incuba-
tion period in a commercial cocktail containing unspecified amounts of
proteolytic and collagenolytic enzymes (Xu et al., 2015). In our tech-
nique, although we used trypsin at a much higher concentration
(100 mg/ml, corresponding to 0.1%), we did not add any other pro-
teases and the incubation time was only 10-15 min. As we will show,
this allowed for an efficient recovery of choriodecidual leukocytes
while preserving the integrity of both the cells and their surface anti-
gens.

Following enzyme digestion, the medium was filtered with a gauze,
diluted 1:1 with 1X PBS and cells were pelleted by centrifugation
(2500 rpm-10 min—4 °C). Cells were then incubated in erythrocyte lysis
buffer (150 mM ammonium chloride, 10 mM potassium bicarbonate,
0.1 mM EDTA) for 20 min with low agitation, washed with 1X PBS and
filtered through a 30 um pre-separation filter (Miltenyi Biotec, USA).

Afterwards, we performed magnetic cell sorting (MACS): cells were
resuspended in 500 pl of PBE buffer (1X PBS, 0.5% bovine serum al-
bumin, 2mM EDTA), incubated with an anti-human CD45 microbead-
conjugated antibody, sorted through positive selection columns
(Miltenyi Biotec, USA) and counted in a Beckman Coulter AcT-5diff
hematology analyzer. Bound antibody was not dissociated from cells
after sorting. All buffers were ice-cooled to minimize RNA degradation.

2.3. Leukocyte identification and viability by flow cytometry

To analyze the leukocyte yield of the isolation technique and its
adequacy for downstream flow cytometry, we immunostained six dif-
ferent cell samples (n = 6) before and after MACS. We incubated cells
in 100ul PBE with titrated volumes of the following anti-human
fluorochrome-conjugated monoclonal antibodies: CD45/PE-Cy7, CD4/
APC-Cy7, CD56/Brilliant Violet 421 (Biolegend, San Diego, CA, USA);

CD3/Brilliant Violet 510, CD19/FITC, CD14/PE (BD Biosciences, San
Jose, CA, USA), CD8/APC (Invitrogen, Frederick, MD, USA), CD15/PC5
(Beckman Coulter, Indianapolis, IN, USA). After staining, we fixed cells
with 1x FACS Lysing solution (Cat 349202, BD Biosciences, USA).

To analyze leukocyte viability, we incubated cells with anti-CD45/
Pacific Blue (BioLegend, San Diego, CA, USA) and Fixable Viability Dye
eFluor506 (FVD, eBiosciences, Carlsbad, CA, USA), and then fixed them
as described above. We analyzed cells in a FACS Aria III flow cytometer
using the DIVA software V.6.1.3 (BD Biosciences, USA), counting at
least 10,000 events.

For leukocyte identification, we gated singlet events from a 45-de-
gree diagonal line by FSC-A vs FSC-H dot plot; lymphocytes were se-
lected as low complexity (SSC) events expressing high levels of CD45,
while myeloid cells were defined as heterogeneous complexity and
medium expression of CD45. From lymphocytes, we defined helper T
cells as CD3+CD4+, cytotoxic T cells as CD3+CD8+, B cells as
CD19+, and natural killer (NK) as CD56 + cells. From myeloid cells,
we selected neutrophils as CD15+ and monocytes as CD14+ cells
(Fig. 1A). For viability analysis, we identified live cells (FVD-) in lym-
phoid and myeloid cells gated according their complexity and CD45
expression (Fig. 1C).

2.4. RNA quantification, integrity and cDNA synthesis

We obtained total RNA using Trizol reagent (Invitrogen, USA) and
removed any residual DNA following the DNAse I treatment of
RNAqueous-4PCR kit (Ambion, USA). We then quantified it in a
Nanodrop 2000 spectrophotometer and obtained the RNA integrity
number (RIN) with an Agilent Bioanalyzer 2100 using RNA 6000 Nano
kit (Thermo Scientific, USA).

For qRT-PCR, we synthesized cDNA from 100 ng of total RNA using
the RT? First Strand Kit (Qiagen Sciences, USA) in a GeneAmp 9700
PCR System (Applied Biosystems, Singapore). For microarrays, 200 ng
of total RNA were amplified with an Ambion WT Expression kit
(Ambion, USA), then c¢DNA was fragmented and labeled with a
GeneChip® WT Terminal Labeling kit (Affymetrix, USA).

2.5. Gene expression by real-time qRT-PCR

We analyzed the expression of 211 inflammation-related genes and
5 reference genes in six different samples (not pooled), using RT?
Profiler PCR Arrays for Common Cytokines, Chemokines and Receptors,
and Extracellular Matrix & Adhesion Molecules together with the RT?
SYBR Green ROX qPCR Mastermix (Qiagen Sciences, USA). Arrays were
analyzed in a Viia 7 Real-Time PCR System (Applied Biosystems,
Singapore) with one cycle at 95 °C-10 min and 40 amplification cycles
(95°C-15s, 60 °C-1 min, 95°C-155s).
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Fig. 1. Flow cytometry immunophenotyping and viability analysis of isolated choriodecidual leukocytes.

A: Immunophenotyping of leukocyte subpopulations. B: Comparison of FITC vs APC-Cy7 for identifying CD4 + T cells. C: Lymphocyte, monocyte and neutrophil
viability after isolation. D: Proportion of CD45+ cells before and after magnetic cell sorting. Small black lines represent medians. NS = no significant difference
between groups using Mann-Whitney test (p = 0.088). Image shows representative data of three (sections A, B and C) or six independent experiments (section D).

2.6. Transcriptome analysis by microarrays

We analyzed the transcriptome of choriodecidual leukocytes in ten
individual samples (not pooled) with RIN values =7 (min. 7.0-max.
9.6), using GeneChip Human Gene 1.0 ST arrays (Affymetrix, USA).
Raw data was background-corrected using the Robust Multi-array
Average Method and normalized using the Quantile Normalization
Method (Irizarry et al., 2003).
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3. Results and discussion

With the isolation method here described, a leukocyte-enriched
choriodecidual cell mixture can be obtained, which is suitable for both
immunophenotyping and transcriptome analyses. We obtained a
median amount of 3.25 x 10° isolated cells (min 0.17 X 10°-max
25.8 x 10° cells, n = 41) comprising a median of 78% CD45 + leuko-
cytes (min. 61%-max. 94%). This variability in cell purity was
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Fig. 2. Downstream expression studies in isolated leukocytes (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.).

A: Graph shows Ct values of each individual gene (circles) within the cytokines, chemokines and CAMS-ECM qRT-PCR arrays (n = 6); reactions presenting more than
one peak on the melting curve or without an amplification signal (one third of the reactions, on average) were excluded. B: Heat map shows the unsupervised
hierarchical clustering of 600 genes randomly selected from the 2501 expressed genes (n = 10). Negative z-scores indicate lower expression (shown in red) while the
positive z-scores indicate higher expression (shown in green). The heatmap was constructed using the freely available online tool Heatmapper (www.heatmapper.ca).

associated with the individual researcher’s experience with the isola-
tion technique.

Previously reported methods have shown that tissue digestion with
enzyme cocktails for long periods (i.e. 2 h) results in the loss of several
cell surface markers (White et al., 2000). The gentle trypsin digestion
used in our method did not compromise the most common leukocyte
markers since immunophenotyping by flow cytometry was successful
(Fig. 1A), which represents a major advantage of this technique. While
this was true for most leukocyte markers (CD45, CD3, CD8 CD56, CD15
and CD14), CD4 and CD19 expression, in helper T and B cells respec-
tively, was notably lower than expected; CD4 + cells, for example, were
only detectable using a high-energy fluorochrome such as APC-Cy7, but
not FITC (Fig. 1B). This may be due to the susceptibility to proteolytic
activity of trypsin over the CD4 molecule (Harris et al., 1990), which
has also been observed with other enzyme-based isolation procedures
(Autengruber et al., 2012).

Functional assays usually require that isolated cells have high via-
bility. Our leukocyte isolation procedure yielded high percentages of
live lymphocytes (median 90%) but decreased frequencies of live
monocytes (median 50%) and neutrophils (median 27%). Isolated cells
would be suitable for lymphocyte cultures, which can survive for longer
periods of time, but would be limited for myeloid cell cultures (Fig. 1C).

Contrary to our expectations, MACS enrichment did not increase
overall leukocyte frequencies but tended to decrease them, although
not significantly (Fig. 1D). This was also observed by Tilburgs et al.
when trying to purify lymphocytes from decidual cell mixtures
(Tilburgs et al., 2008). The lower CD45 signal observed after cell
sorting may be due to some MACS antibody still being coupled to the
CD45 molecule (since this antibody was not removed after sorting)
thereby limiting the subsequent coupling of the staining antibody.

High quality RNA, suitable for qRT-PCR and microarray analyses,
may be obtained from leukocytes isolated through this method. Total
RNA had a median concentration of 240.82ng/ul (min 26.36 ng/
pl-max 1816.65 ng/pul), a median 260/280 ratio of 1.89 and a median
RIN of 7.8 (min 5.7-max 9.6). All samples analyzed through qRT-PCR
yielded expression values of more than half of the analyzed target genes
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and all reference genes, with Ct values ranging from 22.97 to 39.98.
Microarrays showed 2501 genes expressed by choriodecidual cells
(Fig. 2). Although using samples with the highest possible RIN values
(above 9.0) for microarray analyses is a common practice, our micro-
array results showed that samples with RIN values between 7 and 9 also
yield good expression profiles and may therefore be adequate for such
analyses.

Finally, by coupling the method described here together with pur-
ifying techniques such as fluorescence-activated cell sorting (FACS),
other components of the maternal-fetal interface, such as decidual cells
or even amniocytes, may be isolated, as these also play an important
role in the inflammatory processes at the maternal-fetal interface (El-
Azzamy et al., 2017; Flores-Espinosa et al., 2014).

4. Conclusion

We describe a method for isolating choriodecidual leukocytes that
yields an enriched cell mixture with high lymphocyte viability although
less viable myeloid cells. Isolated leukocytes are suitable for down-
stream flow cytometry and high quality RNA can be obtained for qRT-
PCR and microarray analyses. The isolation method here described
could help answering questions regarding the role of specific leukocyte
subpopulations in the inflammatory process that characterizes human
labor; the genetic and epigenetic mechanisms involved in such process;
the establishment and loss of immune tolerance at the maternal-fetal
interface; among many others.
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