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Chapter 31

Analysis of Uterine Natural Killer Cells in Mice

B. Anne Croy, Jianhong Zhang, Chandrakant Tayade,
Francesco Colucci, Hakim Yadi, and Aureo T. Yamada

Abstract

The term uterine natural killer (uNK) cell is applied in mice to an abundant but transient NK cell popu-
lation that undergoes unique, terminal differentiation within embryo implantation sites during endome-
trial decidualization and pregnancy. In mice, decidualization is induced by attachment and implantation
of hatched, blastocyst-stage embryos. Within each implantation site, uNK cells proliferate and rapidly
differentiate into highly restricted regions called decidua basalis and the mesometrial lymphoid aggregate
of pregnancy (MLAp). uNK cells begin to die within healthy decidua basalis by day 8 of the 19–20 day
pregnancy of mice. By gestation day 12, uNK cell numbers have peaked and most uNK cells show in situ
nuclear fragmentation indicative of disintegration. Morphological studies (standard histology, ultrastruc-
ture, immunohistochemistry, in situ hybridization, and RNA analyses from laser capture microdissected
uNK cells) have provided most of the current understanding regarding this cell lineage. These approaches
identified the special angiogenic properties of uNK cells and their regulatory relationships with normal
physiological changes to the uterine (endometrial) arterial tree that accompany successful pregnancy.
This chapter highlights key information needed for successful dissection of the dynamically changing
decidua basalis that is enriched in uNK cells and special morphological procedures used for uNK cell
study. Preparation of viable mouse uNK cell suspensions is difficult but can be achieved. This chapter
includes techniques for isolation of uterine leukocyte suspensions and their enrichment for uNK cells
that permit immediate downstream applications such as culture, isolation of high quality RNA, or flow
cytometry.

Key words: Angiogenesis, DBA lectin, Decidua, Endometrium, Flow cytometry, Laser capture
microdissection, Magnetic bead-based uNK cell enrichment, Pregnancy.

1. Introduction

During early pregnancy in mice, uterine natural killer (uNK) cells
accumulate in abundance on the mesometrial sides of the uter-
ine horns at each implantation site. Late on gestation day (gd)3.5
(counting the morning of copulation plug detection as gd0.5),
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free-floating mouse embryos hatch from the zona pellucida and
immediately implant on the anti-mesometrial (see Note 1) side
of the uterus. This induces the transient, gestational transforma-
tion of uterine stromal cells at each implantation site into large
cells called decidual cells. Over the next ∼4 days, decidual devel-
opment progresses from the relatively avascular, anti-mesometrial
side of the uterus to the mesometrial side where major blood
vessels enter and exit the uterus. Coincident with induction of
mesometrial decidua is the appearance of unique, terminally dif-
ferentiating cells called uNK cells. uNK cells are numerous by
gd6.5 (Fig. 31.1A), proliferate rapidly, and increase in number
(Fig. 31.1B) until midgestation (gd10.5–12.5; Fig. 31.1C). In
normal mice, most uNK cell nuclei show DNA fragmentation
from gd12.5 and the numbers decrease (Fig. 31.1D) until only
a small, residual population remains at term. These residual uNK
cells are shed with the placenta (1, 2). Early postpartum uterus is
essentially devoid of terminally differentiated uNK cells.

Cells expressing NK markers first appear in the infant mouse
uterus ∼2 weeks postpartum (3). These should be considered

Fig. 31.1. Photomicrographs of DBA lectin-stained midsagittal sections from C57BL/6 J implantation sites from gd6.5
(A), gd8.5 (B), gd10.5 (C), gd13.5 (D). Facing arrows in (C) indicate the midgestation maternal–fetal interface formed
by the decidua basalis and trophoblast giant cells. There are dynamic changes in the uNK cell population during normal
mouse pregnancy. M, mesometrial side; L, remainder of the uterine lumen; T, ectoplacental cone trophoblast; MLAp,
mesometrial lymphoid aggregate of pregnancy; DB, decidua basalis; F, fetus; P, placenta; SA, spiral artery; SM, smooth
muscle.
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endometrial (e)NK cells because they do not show the charac-
teristics of terminally differentiated uNK cells that appear with
uterine decidualization (4, 5). Differentiation of mouse uNK cells
does not require an embryo, fetus, or placenta. Rather, uNK
cell differentiation appears to be driven by ovarian progesterone-
induced changes to the endometrial stroma (see Note 2). In
human endometrium, decidua-associated NK cells, recognized as
CD56bright, CD16−, CD3−, differentiate initially between days
3 and 8 after the menstrual cycle surge in luteinizing hormone,
whether or not intercourse or conception occurred. These cells,
now called “eNK cells of the menstrual cycle,” have no equiva-
lent in rodents. If a woman conceives, NK cells that appear anal-
ogous to mouse uNK cells become abundant in the decidua and
are called either dNK for decidual NK cells (6) or uNK cells. It
is not yet clear how the two human cell populations (eNK and
dNK/uNK) are related to each other but they are distinct from
systemic NK cells (7, 8). In both humans and mice, the origins
and relationships of NK cells found within the virgin or preg-
nant uterus to systemic NK cells remain unclear and under study
(9). Current information suggests mouse gestational uNK cells
are unlike NK cells in lymphoid tissues (10, 11), although the
lineage is readily established from any lymphoid organ of a nor-
mal male or female mouse by transplantation into mated females
co-deficient in NK and T cells (12). Additionally, uterine seg-
ments from normal mice engrafted into normal mice but not into
mice deficient in NK and T cells differentiate uNK cells upon mat-
ing and decidualization. These data suggest self-renewing pro-
genitors of uNK cells do not reside within mouse uterus.

uNK cells differentiating within mouse decidua change dra-
matically in morphology (Fig. 31.2A,B) and phenotype. The
cells rapidly acquire membrane-bound, cytoplasmic granules and
increase to become gigantic in size (a change from ∼10 �M to
>80 �M in diameter). The granules contain many enzymes and
glycoproteins including perforin and granzymes and appear to be
stored within the cytoplasm, eventually filling it. The number of
granules/cell is used to estimate uNK cell maturity. Four mor-
phologically different uNK cell subtypes can be recognized using
this approach (13).

By ultrastructure and immunoelectron microscopy, the cyto-
plasmic granules in mouse uNK cells were found to be composed
of two segregated compartments (Fig. 31.2C,D), a peripheral
multi-vesicular electron dense lysosomal domain (Fig. 31.2E)
and a central homogeneous core (Fig. 31.2F) that contains secre-
tory, lytic proteins, and proteoglycans (14–16). Similar granules
are present in cytotoxic T cells but are unusual in most other
mammalian cell types (17). Secretory pathways are more gener-
ally studied in uNK cells than the degradative pathways, leaving a
deficit in information regarding the biological functions of these
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Fig. 31.2. Ultrastructure of uNK cells. Immature uNK cells with few cytoplasmatic gran-
ules predominate in early pregnancy (gd5.5 to 7.5) (A). (B) From gd8.5 onward, fully
mature uNK cells with huge numbers of granules predominate. The most characteris-
tic morphological feature found in uNK cells is the secretory-lysosomal granule. These
are concentrated around the Golgi complex, their site of origin (C). The double com-
partment secretory-lysosome granules (D) have an outer, electron-dense cap formed by
microvesicles and central homogenous core. (E) The peripheral cap region is a lyso-
somal domain as shown by immunoelectron microscopy for cathepsin D expression.
(F) The central homogenous domain contains secretory proteins and proteoglycans as
is shown by cuprolinic blue ultrastructural cytochemistry. N, nucleus; G, granules; GC,
golgi complex; M, mitochondria; SM, smooth muscle cells of myometrium; ∗, uNK gran-
ule secretory compartment; #, uNK granule lysosome compartment.

cells. uNK cells are usually regarded as being weakly lytic in vivo.
From midgestation onward, the very large sizes of uNK cells, their
noxious granule content, and their widespread in situ death pro-
gram, make the success of culture-based studies challenging.
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Heavily granulated uNK cells are found throughout the
decidua basalis (see Fig. 31.1 to appreciate this region) and,
in some strains, as infrequent cells within the placenta. uNK
cells are not normally found in anti-mesometrial decidua or in
non-decidualized endometrium between implantation sites. As
pregnancy progresses, a thickening of the uterine wall occurs at
each implantation site. From ∼gd8.5, this is seen by histological
examination to be a lymphocyte-driven separation between the
two layers of uterine smooth muscle. This thickened, donut-like
microenvironment contains the smallest, proliferating, least gran-
ulated uNK cells and encircles the major maternal vessels to form
portals for vessel entry to and exit from implantation sites. Exper-
imental studies suggest that mouse and human uNK cells make
pivotal contributions to the unique, gestation-induced structural
changes in maternal arteries that supply each developing placenta
(1, 8, 18), although human uNK cells have not been shown
to have such rigorous positioning within implantation sites. The
changes to vascular structure that appear to be uNK cell-initiated
result in loss of vascular smooth muscle and lumen dilation. These
changes greatly reduce/prevent vasoconstriction in the major pla-
cental “feed arteries” during pregnancy and are reversed postpar-
tum. In women, pre-eclamptic pregnancies are associated with
limited-to-absent changes in the analogous vessels named spiral
arteries.

Classically, mouse uNK cells have been identified histologi-
cally by staining with Periodic Acid Schiff’s (PAS) reagent (5), a
reagent that detects the glycoproteins found in the cytoplasmic
granules of mature uNK cells. This approach has several limita-
tions. First, cells other than uNK cells react to this stain and must
be discriminated morphologically as non-lymphoid cells. Second,
only uNK cells with cytoplasmic granules are identified, which
leaves lineage-committed, immature cells unmarked. Advantages
of PAS staining are its ease and low cost. This makes PAS stain-
ing useful when an experiment requires screening or study of a
serial section series. Use of Dolichos biflorus (DBA) lectin stain-
ing has widely replaced PAS staining for histological recognition
of mouse uNK cells (see Note 3). This lectin which recognizes
terminal N-acetyl−D-galactosamine, reacts with the plasma mem-
branes of both uNK cells and their granules, permitting identifi-
cation of early uNK cells prior to their acquisition of cytoplas-
mic granules (13). DBA lectin surface-reactive lymphocytes are
not found in peripheral lymphoid tissues of virgin or gd0.5-7.5
mice (9). Within mouse implantation sites, DBA lectin reactivity is
also seen on yolk sac (fetal) and endometrial (maternal) endothe-
lium (Fig. 31.1C,D). Protocols for either histochemical or lectin
reactivity can be dramatically shortened to stain frozen tissue sec-
tions for successful RNA recovery and subsequent analysis of uNK
cells using laser capture microdissection (LCM). DBA lectin is
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additionally useful for isolation of uNK cells from decidual cell
suspensions and for flow cytometry. Our recent histochemical and
cytometric studies indicate that DBA lectin does not mark all uNK
cells and that a significant (20–25%) PAS positive /DBA lectin
negative population exists. Definition of uNK cell subsets based
on functional and/or phenotypic differences rather than granu-
larity, size, and nuclear properties is in its infancy. Such studies
have required development of culture and/or holding media that
sustain viability and differentiation of this hormone- and stromal
cell-dependent lineage over the analysis interval.

Here we provide protocols for (i) mating of mice, perfu-
sion fixation, and preparation of paraffin-embedded, frozen, or
ultrathin histological sections; (ii) routine DBA lectin staining,
uNK cell quantification and spiral arterial evaluation in paraffin-
embedded tissue sections; (iii) brief staining with hematoxylin and
eosin (H&E) for LCM, the LCM process followed by RNA isola-
tion, amplification, reverse transcription, and real-time PCR; (iv)
dissection of implantation sites and preparation of uNK cell sus-
pensions; (v) culture of mouse uNK cells; and (vi) flow cytometry
of uNK cells. There are no special features for studies of uNK cells
by immunohistochemistry, in situ hybridization, or ultrastructure
beyond collection/study of the correct region of the implanta-
tion site. Other protocol sources should be sought by readers
requiring guidance in these techniques. Similarly, once uNK cell
suspensions are prepared, their downstream handling for molec-
ular or protein studies employing cell lysis is not distinct. Because
uNK cells are exceptionally large and fragile cells committed to
a cell death pathway, cytotoxicity studies must include incubated
controls of uNK effector cells only and subsequent transfer of
the post-incubation culture supernatants to target cells. This will
establish whether true cytolytic effector function was measured in
test wells or spontaneous release of effector molecules from uNK
cells degenerating during short-term culture.

2. Materials

2.1. Mouse Mating
and Preparation of
Histological
Materials from
Post-Implantation
Uteri

1. Randombred or inbred female mice at 8–12 weeks of age,
cycling naturally and selected for estrus.

2. Adult but not overweight male mice, caged individually as
stud males.

3. Microspatula (Fisher Scientific, #21-401-25A) for use as a
vaginal speculum.

4. CO2 cylinder and chamber for euthanasia, if perfusion of
the mouse is not required.
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5. Small dissection tray lined with disposable adsorbent mate-
rial and dissection pins.

6. Kimwipes or sterile gauze squares for removing fur and
blood from dissection sites and instruments.

7. Heparin (0.1%) in PBS.
8. Dissection instruments (sterilized if cell culture is planned,

RNase free if molecular studies are planned). Fine forceps –
one pair for skin, two pairs for organ holding (Fine Sci-
ence Tools, #11241-30); several pairs of ultrafine #5 watch-
maker’s forceps (Fine Science Tools, #11252-00); one pair
curved, blunt-ended forceps (Fine Science Tools, #11003-
12); fine dissection scissors – one pair for skin, one pair
for internal organ dissection (Fine Science Tools, #14080-
11); Vannas spring scissors – one pair (Fine Science Tools,
#91501-09); curved fine iris scissors – one pair (Fine Sci-
ence Tools, #14061-09).

9. Alcohol (70%) as a fur moistening agent, skin disinfectant,
and instrument wipe.

10. Butterfly infusion set (Fisher Scientific, #NC9175100)
and 50 mL syringe if animal is to be perfusion fixed
prior to tissue dissection. Use 30 mL freshly prepared 4%
paraformaldehyde (PFA), 0.1 M sucrose in 0.1 M phos-
phate buffered saline (PBS) pH 7.4 to perfuse for light
microscopy. Use 30 mL of a freshly prepared solution of
2% paraformaldehyde, 1.5% glutaraldehyde (GTA, Poly-
sciences, Inc., Electron Microscopy grade), and 0.1 M
sucrose in 0.1 M PBS, pH 7.4 to perfuse for standard
ultrastructural studies or 4% PFA + 0.2% GTA and 0.1 M
sucrose in 0.1 M PBS, pH 7.4 to perfuse for ultrastructural
immunocytochemistry.

11. Timer.
12. Anesthetic and apparatus for its administration, according

to investigator’s preferences and approved animal utiliza-
tion protocols.

13. Small disposable sterile petri dishes, beakers, and conical
tubes (different sizes).

14. Holding medium for dissection. This will vary with the pur-
pose of the study. PBS is used for histology, RPMI 1640 or
Hank’s (Invitrogen) medium with supplementation (may
include BSA or serum and IL-15 or OP-9 conditioned
medium) for longer procedures or culture.

15. A dissection microscope with a long working distance may
be useful, especially when learning the dissections or con-
ducting them before midgestation (gd10.5). With experi-
ence, this may be less necessary.
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16. Frosted-end, positively charged glass microscope slides,
60×22 mM glass coverslips (Thermo Shandon), Permount
(Fisher Scientific) or other compound appropriate for
mounting coverslips onto stained slides.

17. DAKO marking pen (DAKO, #S2002).
18. For preparation and cutting of paraffin sections:

a. histological embedding rings (Thermo Shandon,
#58993)

b. embedding molds (Thermo Shandon, #6401015/
6401016)

c. tissue processor
d. chemicals for paraffin embedding (see Note 4)
e. embedding station, microtome with disposable blades,

warming plate for spreading of sections, and jars for
staining series as appropriate.

19. For preparation and cutting of cryostat (frozen) sections:
a. isopentane (Fisher Scientific) in a nalgene beaker cooled

in liquid N2 for rapid freezing (Caution: never use a
glass beaker which will shatter at the ultralow tempera-
ture)

b. small, 10×10×5 mM cryomolds (Tissue Tek, Miles
Inc., #NC9806558) for gd5.5-8.5 specimens; larger,
15×15×5 mM cryomolds for specimens older than
gd8.5 (Tissue Tek, Miles Inc., #NC9008138)

c. aluminum foil and small, ziplock freezer bags, cry-
omarking pens to label freezer bags

d. optimal cutting compound (OCT; Tissue Tek, #4583)
e. long, sturdy forceps (25 cm or longer) to remove speci-

mens from liquid N2, freezer safety gloves
f. Cryostat
g. −80oC freezer for storage of frozen samples.

20. For preparation and cutting of ultrathin sections for elec-
tron microscopy:
a. oscillating tissue slicer (Electron Microscopy Sciences-

EMS, Hatfield, USA)
b. quick polymerizing glue (Super-bonder, 3 M)
c. 4% PFA + 0.2% GTA + 0.1 M sucrose in 0.1 M PBS

pH7.4
d. ultra-pure water
e. forceps for tissue processing or thin glass rods
f. dissection microscope for observation and handling of

thin tissue slices
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g. 3–5 mL glass vials; fume hood
h. gloves; safety goggles
i. 1% osmium tetroxide in 0.1 M PBS (Caution: osmium

is highly toxic and volatile – avoid inspiration or contact
with skin or mucosal surfaces)

j. graded ethanol series in water (50%, 70%, 85%, 95%);
absolute ethanol

k. propylene oxide (Caution: this is highly volatile – close
the vial!)

l. N,N, dimethyl formamide (Sigma)
m. epoxy resin (PolyBed812, Polysciences) or LR-white

resin (Polysciences)
n. beem capsules (size 00, flat button, EMS)
o. oven for holding 60◦C temperature
p. razor blades, specimen rotator (Bal-Tec, #B7925),

ultramicrotome (Ultracut, Leica, Sweden), glass histol-
ogy slides

q. 0.5% toluidine blue
r. knife maker (Leica, Sweden), glass (6 or 8 mM thick),

and 3.5 mM diamond knives (Diatome, EMS)
s. 150 mesh cooper grids (Veco, #0150-Cu); 200 mesh

Nickel grids-(Veco, #0200-Ni); large petri dishes to
hold grids

t. Reynold’s lead citrate solution (Caution: avoid air con-
tact to prevent precipitation. Keep aliquots in syringes
at 4◦C)

u. 2% uranyl acetate (Caution: Keep this solution in a dark
bottle and centrifuge it at 1000×g for 5 min before use)

v. carbon coating (Bal-Tec, SCD050 Sputter Coating)
w. freeze substitution unit (Bal-Tec, FSU030).

2.2. Basic DBA Lectin
Staining and
Quantification of uNK
Cells and Spiral
Arterial Modification

1. Prepared tissue sections mounted on glass slides. Paraffin
sections should be cut at 4–7 �M and deparaffinized before
use. Cryostat sections may be cut at 5–10 �M, fixed briefly
(10 s) in acetone and air dried before use.

2. PBS 0.1 M and 0.05 M pH7.4. (Comment: For reaction
steps, 0.1 M PBS is recommended for effective buffering.
For washing steps, 0.05 M PBS is typically used).

3. Tris-buffered saline (TBS; 0.1 M Tris mixed with 0.3 M
NaCl, 1:1, pH7.4 for reactions; 0.05 M for washes).

4. Biotinylated Dolichos biflorus agglutinin (DBA; Vector Lab-
oratories, # B-1035).



474 Croy et al.

5. 0.1 M N-acetyl-D-galactosamine (Fisher Scientific)
6. ExtrAvidin peroxidase (Sigma).
7. Diaminobenzidine (DAB; Sigma). (see Note 5).
8. 3% H2O2 (see Note 6).
9. Harris’s Hematoxylin (Sigma).

10. Compound photomicroscope with image analysis system.
Fluorescence detection is useful for immunohistochemical
studies.

11. Xylene (Fisher Scientific).
12. Graded ethanol series including 100% (anhydrous) ethanol.

2.3. Implantation Site
Dissection,
Preparation of Frozen
Tissue Sections for
Laser Capture
Microdissection
(LCM), Rapid
Staining for H&E that
Permits Subsequent
RNA Analysis of
Dissected uNK Cells
(see Note 7)

2.3.1. Supplies Unique
For LCM

1. RNase inhibitor (such as SUPERase, Ambion) for prepar-
ing dissection instruments, areas to be used for dissections
when LCM is planned, microscope stages, and for prepara-
tion of staining solutions.

2. RNase-, DNase-free water (Arcturus or Gibco BRL).
3. Dry ice.
4. Frozen tissue block. This can be used for RNA or DNA iso-

lation. Paraffin-embedded, formalin-fixed blocks can also
be used for DNA isolation but must be pre-tested (Paradise
Plus Reagent System, Molecular Devices) before LCM to
determine if RNA isolation is possible.

5. New disposable blades for Leica CM1850 UN (Leica
Microsystems) or other available cryostat.

6. Uncharged glass histology slides or membrane-coated
slides (PEN Membrane Glass Slide, Molecular Devices,
#LCM0522) depending on the downstream applications
and tissue lifting success during dissections. Coverslips are
not used.

7. Desiccator (DRIERITE Co) containing slide storage box.
8. Capsure HS LCM caps (Molecular Devices).
9. Tissue preparation strips (Fisher Scientific) or clean-up

pads.
10. ExtracSure extraction device (Molecular Devices).
11. 0.5 mL capacity microfuge tubes.
12. Incubation block (Molecular Devices, #LCM0505) and

incubator.
13. Nucleic acid extraction reagents such as Picopure RNA or

DNA isolation kits (Molecular Devices).
14. LCM dissection microscope (a Molecular Devices infrared

system is recommended for this work rather than a laser
cutting system since RNA transcripts are longer (better
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quality) when single cells or tissue <30 �M are to be
dissected).

15. −80◦C freezer for RNA sample storage.
16. UV spectrophotometer such as Nanodrop (Thermo Scien-

tific, Nanodrop 1000) and bioanalyzer (Agilent Technolo-
gies).

17. Latex disposable gloves which will be worn at all steps in
sample preparation.

2.3.2. Reagents for
Hematoxylin and Eosin
Staining for LCM

1. All staining reagents (ethanol (75%, 95%), Harris’s hema-
toxylin (Sigma, #HHS-16), eosin (Fisher Scientific, #22-
220-104)) are prepared using RNase-/DNase-free water
and RNase inhibitor. Staining jars are prepared to be RNase-
free.

2. Fresh, 100% ethanol stored in small aliquots to prevent envi-
ronmental hydration.

3. 100% Xylene.
4. Dako pen (DAKO, #S2002).

2.3.3. Reagents for RNA
Analyses Following LCM

1. Picopure RNA extraction kit (Molecular Devices).
2. RNase-, DNase-free water (Invitrogen).
3. First strand cDNA synthesis kit (GE Healthcare).
4. Filter tips (10 �L, 100 �L, 200 �L, Ultident).
5. 0.5 mL capacity microfuge tubes (Ultident).
6. Quantitect SYBR Green I PCR mix kit (Qiagen). Reagents

mentioned in the protocol are from this kit.
7. MessageAmp II aRNA kit (Ambion or similar kits avail-

able from MDS Analytical Technologies or others). Reagents
mentioned in the protocol are from this kit.

8. Primers for genes of interest.
9. Roche Real-Time PCR Light Cycler (Roche Diagnostics,

Laval, QU, Canada) or other system.

2.4. Preparation of
Decidual Cell
Suspensions (see
Note 8)

2.4.1. Tissue
Dissociation and uNK
Cell Enrichment Using
Density Gradient
Centrifugation

1. Ice bucket and small plate, each containing crushed ice to
keep the cell isolation procedure below ambient tempera-
ture and increase viable cell yields.

2. Sterile scissors and forceps for dissections (see
Section 2.1.8). Sterile scalpel blades (Fisher Scientific) or
razor blades to remove unwanted tissues.

3. Dissection microscope with long working distance.
4. Cell culture dishes to prepare single cell suspensions

(BD Biosciences).
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5. Stainless steel mesh or nylon tissue sieves with 80–200 �M
screens.

6. 0.1 M PBS, pH7.4 (Gibco).
7. Pasteur pipettes or other large bore liquid transfer tools.
8. Hematocytometer such as Neubauer’s chamber and 0.1%

trypan blue in PBS or other viability stain.
9. RPMI medium 1640 (Gibco) with 10% fetal bovine serum

(Gibco).
10. Plungers from syringes (1–10 mL sizes are suitable).
11. Centrifuge tubes (15 mL, 1.5 mL).
12. Centrifuges (such as Beckman Coulter, Allegra R© X-12R)

adjusted to working temperatures of 4◦C, except during
the density gradient centrifugation step when ambient tem-
perature provides optimal step gradient separation.

13. Lympholyte R©-M density gradient (CEDARLANE Labora-
tories Ltd.).

2.4.2. Tissue
Dissociation and uNK
Cell Purification Using
DBA lectin-Coated
Magnetic Beads

1. Materials 1–6, 8 from Section 2.1.
2. Hank’s balanced salt solution (Sigma).
3. Hank’s solution containing 1000 IU DNase I (Fisher

Scientific).
4. Distilled water and 3.5% NaCl for erythrocyte lysis or sup-

plies for any alternate method.
5. 0.1 M PBS pH7.4 containing 2% BSA.
6. Refrigerated centrifuge and tubes or microfuge and tubes

(our laboratories differ over this equipment but all obtain
successful cell isolation).

7. M450 CelLection-Biotin Binder magnetic beads (Invit-
rogen) and biotinylated DBA lectin (Sigma) to coat the
beads.

8. Magnetic particle concentrator (Dynal Inc.).
9. 0.1 M N-acetyl-D-galactosamine (Sigma).

10. RPMI 1640 medium (Sigma) supplemented with 10% fetal
bovine serum and 1 mg/mL gentamycin.

11. 0.1% Tween (Sigma) in 0.1 M PBS pH7.4.

2.5. Microspot
Culture of Mouse
uNK Cells

1. Slide culture chambers with four or eight chambers/slide
(Fisher Scientific).

2. 2 �g/mL Fibronectin (Invitrogen).
3. RPMI 1640 medium supplemented with 10% fetal bovine

serum, 200 ng/mL IL-15 (Invitrogen), and 100 ng/mL
CXCL10 (Invitrogen).
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4. Sterile mineral oil tested on mouse pre-implantation
embryos and found to be non-toxic (Sigma).

5. Humidified, 5% CO2 incubator at 37◦C.
6. Dissection microscope.
7. 1.0 mM inner diameter glass capillary tube and micromanip-

ulator arm apparatus.

2.6. Flow Cytometry 1. uNK cell suspension.
2. Flow cytometry system.
3. Culture tubes for sample preparation and for loading sam-

ples into the flow cytometer (VWR International).
4. FACS buffer (0.1 M PBS with 5% fetal bovine serum or 1%

BSA).
5. Various antibodies or lectins (10, 19). Those we have used

are given in Table 31.1.

Table 31.1
Antibodies or lectins used to characterize uNK cells

Antibodies (clone) Cat.# Manufacturer

FITC-anti-mouse pan-NK cells (CD49b) (DX5) #11-5971 eBioscience

PE-Cy5 anti-mouse CD3 (145-2C11) #15-0031 eBioscience
PE anti-mouse TCR� (H57-597) #12-5961 eBioscience

Biotin conjugated DBA lectin #L6533 Sigma
FITC-CD122 (TM-b1) #553361 BD Pharmingen

FITC-NK1.1 (PK136) #553164 BD Pharmingen
PE-CD27 (LG.3A10) #558754 BD Pharmingen

FITC anti-mouse NK cell (Ly-49C/I/F/H) (14B11) #12-5991 eBioscience
PE anti-mouse Ly-49A/D(Ly49A/D) eBio12A8 (12A8) #12-5783 eBioscience

PE anti-mouse CD11b (M1/70) #12-0112 eBioscience

3. Methods

3.1. Preparation of
Mice

1. Toward the end of the mouse colony lighting period (see
Note 9), female mice should be gently picked up and held
vertically against a stable surface such as the investigator’s
chest, to examine their vaginal opening for signs of estrus
(dilation, axial ridges on the dorsal mucosa, and just after a
stage of moist redness when the mucosa is strongly pink but
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not too shiny). Estrous females should be placed into the
cage of a stud male who is individually housed. One to three
females may be used per male. If copulation occurs, the male
should be rested 1–2 nights before being used again.

2. The morning after co-habitation with the male, each female
is removed from the mating cage and examined in a stabi-
lized, vertical position for a hard, occlusive plug within the
vagina. The position of the plug can range from very deep
against the cervix to very superficial in position. The plug
will fall out naturally 12–15 h after mating.

3. The success of each stud male in producing a pregnancy
should be recorded. Unsuccessful or older, overweight males
should be replaced quickly by young males ∼7 weeks of age.

3.2. Tissue Fixation
and Processing for
Histological Studies

1. Mated animal(s) at the desired gestational stage. Most work
is done between gd6.5-12.5.

2. If cell suspensions are to be prepared, the investigator
should employ her/his preferred and approved method of
euthanasia, then wet the cadaver with 70% alcohol, and
open the skin and ventral abdominal wall using two instru-
ment sets and move to Section 3.6. For most histologi-
cal studies, perfusion-induced euthanasia is used. The inves-
tigator should deeply anesthetize the mouse with her/his
approved method of choice. Steps 3–5 in this section
describe the perfusion process. Select and prepare the
medium to be used for perfusion (paraformaldahyde for light
microscopy, paraformaldehyde with glutaldehyde for elec-
tron microscopy) and load it into a 50 mL syringe for each
animal. Attach a butterfly needle system to a 5cc syringe
filled with 0.1% heparin in PBS.

3. Place the deeply anesthetized mouse on its back in the
adsorbent-lined tray and wet the animal liberally with 70%
alcohol to prevent hair contamination of the dissection. With
a Kimwipe or gauze square, wipe the thoracic and abdomi-
nal areas in the direction of fur growth to remove any excess
alcohol from the intended incision site. Pin the mouse to
the tray to immobilize it and open the abdominal cavity
along the ventral midline, to confirm pregnancy. Separate
sets of instruments are used for cutting skin, which can then
be peeled away and for incision of the abdominal wall. This
reduces hair contamination of histological work and chemi-
cal and molecular contamination of RNA preparations. If the
animal is not pregnant, remove it from the tray and eutha-
nize it. If the animal is pregnant, continue immediately with
the perfusion.
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4. With heavier dissection scissors, transect the sternum and
cut ribs to access the heart. Introduce the needle of the
butterfly system into the left ventricle chamber of the still
beating heart and start perfusion with 5 mL PBS-heparin.
Then cut a notch in the right side of the heart for perfusate
outflow, attach the large syringe of fixative to the butterfly
apparatus and deliver 30 mL of fixative (always use exactly
the same mount) as follows. The first 5 mL of fixative solu-
tion should be delivered with uniform pressure and quickly,
taking ∼1 min. The remaining fixative should be delivered
at a much reduced pressure that will take 15 min to com-
pletely deliver. Time these steps of the perfusion to assure iden-
tical and comparative fixation for all animals in and between
experiments. Terminal respiratory distress will be seen and it
is essential for humane reasons that any animal being used
for perfusion be under deep anesthesia. Any study involv-
ing blood vessel measurements must employ well-perfused
specimens.

5. After the fixative solution has been delivered, let the animal
rest in the tray for an additional 15 min before removing
the uterus by transecting at the oviducts and cervix. If ovar-
ian study is a component of the work, the first transection
can be above the ovary at the ovarian ligament. The ovaries
are then separated from the pregnant uterus and processed
independently.

6. The pregnant uterus is scored for implantation site number
and color for each horn. We find assigning our experimen-
tal animal number to the mother and then subcoding each
implantation site, the simplest method. (For example, a his-
tology sample #1003 would be all members of the litter and
#1003A−1003F would indicate six implantation sites from
the same mother). Record your observations with special
care to annotate smaller, paler, or darker red implantation
sites which may be failing members of a healthy litter that
you might wish to exclude from your study or process as a
separate study group. Then, transect between each implan-
tation site. It is most important for any histological studies of
uNK cells that the implantation site is not separated from the
uterine wall (Fig. 31.3)!!! If embedding of late gestation
specimens proves difficult, the perfusion-fixed uterus can be
trimmed to remove the fetus and leave the placenta attached
to the uterine wall. uNK cells will then remain undisturbed.
If an experimental design requires removal of the fetus from
a non-fixed uterus, cut rather than pull it away, to reduce
extremely misleading artifacts in subsequent histology of the
mesometrial uterus.
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Fig. 31.3. Drawings to illustrate the dissection and embedding of mouse implantation sites at gd6.5 (upper panel) and
gd10.5 (lower panel). Fixed implantation sites were put on a cutting plate, and cut carefully along the line indicated
as b–b’. This line is perpendicular to the long axis of the uterus (line a–a’) in (A, D). The tissue is then processed for
paraffin-embedding. After tissue processing, the cut surface is placed facing the bottom of an embedding mold (B, E).
Cut sections will have the final histological appearance of (C) or (F) once stained by DBA lectin. Many sections need to
be cut to reach the center of the implantation site as shown in (C). The first sections to be cut in specimens prepared as
(D, E) will have the appearance shown in (F). MLAp, mesometrial lymphoid aggregate of pregnancy; DB, decidual basalis;
UA, uterine artery; P, placenta.

3.2.1. For Paraffin
Embedding

1. All trimmed implantation sites for paraffin embedding are
postfixed in 4% PFA using ∼50 mL/litter so the samples are
well covered. This is timed. If the samples are up to gd10.5,
postfixation is 15 min. If the samples are gd10.5 or older
(i.e., larger), postfixation is 60 min.

2. Implantation sites are washed in 0.1 M PBS pH7.4 con-
taining 0.1 M sucrose. For some studies, it may be desir-
able to trim the implantation site (Fig. 31.3A) or, for larger
implantation sites, to cut them mid-sagittally into two equal
parts (Fig. 31.3D) to reduce the labor in microtome cut-
ting into the region of interest. Specimens are placed indi-
vidually into labeled embedding cassettes and automatically
processed into paraffin using a commercial tissue processor.

3. Positioning of the samples at the embedding station is a cru-
cial step. While uNK cells are likely to be found regardless
of tissue orientation, investigators wishing to compare their
studies with those in the literature (Fig. 31.3C,F) or to
undertake critical quantitative comparisons must ensure pre-
cise orientation. For intact implantation sites, the two cut
ends of the uterus should be held directly over each other in
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a vertical plane (Fig. 31.3B,C). Putting a thin paraffin layer
on the bottom of the mold to initiate solidification prior to
inserting the cut tissue end may be helpful in obtaining this
orientation, which is aligned against gravity. Then, place an
embedding ring on top of the mold and fill it with liquefied
paraffin. Hold the upper end of the specimen while filling
the mold and during the first stages of paraffin solidification.
If the implantation site was cut into halves, place the two
pieces from the same implantation site cut face down on the
bottom of the mold (Fig. 31.3E), place the embedding ring
on and gently fill the mold. It is desirable to have the two
placenta halves at the same depth in the block for cutting.
After chilling on the embedding station refrigeration plat-
form to solidify the paraffin, remove the mold. This exposes
the cutting face of the block which faced the bottom of the
mold.

4. Cut sections using a rotary microtome set to the desired
thickness (7 �M are common). Since the uNK cells are
found toward the center of the decidua basalis, it may
be necessary to cut a large number of sections to reach
the appropriate area (Fig. 31.3B). The largest part of the
implantation site is the desired area of study in properly ori-
ented specimens. This can be recognized while serially cut-
ting the block and verified by placing an unstained section
on a histology slide and examining it under a microscope at
low power. The embryonic crypt should be present in the
section as well as the mesenteric vessels in the mesometrial
myometrium (see Fig. 31.1). Once the region of interest has
been reached (this is immediate in larger specimens that were
halved (Fig. 31.3E), although the first few sections may
show artifacts due to the halving process that would require
their discard), standard processes are used for mounting tis-
sue sections to slides.

3.2.2. For Standard
Cryostat Sections with
Preserved uNK Cell
Cytoplasmic Granules

1. All trimmed implantation sites for preparation of standard
cryostat sections are postfixed in ∼200 mL of 4% PFA in
0.1 M PBS with 0.1 M sucrose for 24 h.

2. Implantation sites are transferred to 30% sucrose in 0.1 M
PBS at room temperature (20◦C) for 72 h. This step may be
shortened but is essential for preserving uNK cell granules
during the freezing process.

3. Implantation sites are tapped to a Kimwipe to remove excess
moisture, mounted in OCT compound using one implanta-
tion site/mold, and the orientation described in Fig. 31.3,
and frozen by dropping into isopentane chilled on dry ice.
Using very long forceps, remove the cryomolds as soon as
the OCT turns white. Place on small squares of aluminum
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foil and wrap tightly to limit air access to the specimen. Over-
cooling will crack the OCT and yield specimens that cannot
be cut.

4. Frozen tissues are placed into labeled freezer bags and held
at −80oC (see Note 10) until cut at 5–10 �M. Standard
procedures for cryostat sectioning and immunohistology are
subsequently used.

3.2.3. For Electron
Microscopic Plastic
Resin Embedding

1. Implantation sites fixed with 2% PFA + 1.5% GTA (for con-
ventional ultrastructural study) or 4% PFA + 0.2% GTA
(for ultrastructural immunocytochemistry) in 0.1 M PBS are
rinsed in 0.1 M PBS pH7.4, then glued into the tissue-slicer
tray with Super-bonder, positioned to get transverse sections
and the chamber is filled with 0.1 M PBS. Cut 300–500
�M thick slices. Handle these carefully with forceps (do not
pinch) or thin glass rods and select 2–3 mM of the mid-
dle portion of each implantation site (see Figs. 31.1 and
31.3) for uNK cell prospecting aided by dissection micro-
scope observation. Transfer the desired 3–4 sections to a 3–5
mL glass vial.

2. For conventional ultrastructural study, wash the thick sec-
tions with 2 mL 0.1 M PBS twice for 10 min each, then
replace with 1 mL 1% osmium tetroxide in 0.1 M PBS
for 60 min at room temperature in a fume hood and con-
tinue standard processes for dehydration in ethanol and
propylene oxide for epoxy resin embedding. Polymerize the
block at 60◦C (48–72 h). Collect the ultrathin sections
on copper grids, stain with uranyl citrate, lead citrate, and
carbon-coating using the reagents and equipment listed in
Section 2.1.20.

3. For ultrastructural immunocytochemistry, wash the slices
with 0.1 M PBS (Comment: Do not postfix with osmium
tetroxide). Dehydrate with graded ethanol (50% to abso-
lute) 1 h each at 4ºC. Transfer to ethanol/N,N-dimethyl
formamide mix (1:1) then to pure N,N-dimethyl formamide
(twice for 1 h each at −20◦C) and then to LR-White resin
for 12 h (−20◦C). Transfer the slices to a beem capsule with
LR-White resin and polymerize with UV radiation (FSU30,
Bal-Tec, Germany) at −20◦C for 48–72 h. Collect ultrathin
sections (80–100 nM) thick on Ni grids and proceed to stan-
dard post-embedding ultrastructural immunocytochemistry.

3.2.4. For Cryostat
Sections Being Used for
Laser Capture
Microdissection

1. Put on disposable gloves before beginning. If they become
nicked or contaminated in any way that might reduce RNA
quality, change them immediately before proceeding.
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2. Collect the tissue samples using sterile, RNAse-free surgical
instruments (see Section 2.1.8.) and freeze immediately as
in Section 3.2.2., Steps 3 and 4.

3. Pre-cool the cryostat. Remove and discard old blade. Wipe
down the knife holder and anti-roll plate (if present) with
100% ethanol. Install a new disposable blade in the cryostat
for each set of tissue. Place a microslide box on dry ice beside
the cryostat.

4. Move the cryomold containing your specimen from the
freezer to the dry ice.

5. Remove the block from the cryomold and attach it to the
chuck in the cryostat with OCT. The cutting face of the
block should be as parallel as possible to the knife.

6. Wait for 10 min for your specimen to reach its appropriate
cutting temperature. Each cryostat will differ. We set ours at
−20 to −22oC. Then, cut 7–8 �M sections. If you are deal-
ing with specimens from different experimental groups, dis-
card the blade and replace it with a new one for each group.

7. Place sections on room temperature LCM slides and move
these immediately into the microslide box and cover. Do not
allow the sections to air-dry!!! Only 6–8 slides are usually pre-
pared at a single time.

8. If LCM is to be performed that day, keep the covered slide
box in the cryostat or on dry ice and proceed immedi-
ately for staining. RNA integrity will be compromised within
∼45 min.

9. Alternatively, slides may be stored in paper slide boxes at
−80◦C until needed.

3.3. Basic DBA
Lectin-Peroxidase
Staining Protocol

1. Bake the slides containing the paraffin sections of interest
at 50◦C in an oven for 2 h.

2. Deparaffinize, rehydrate, and wash as below in coplin jars
using accurate timing.
i. Xylene 10 min for each of 2 baths
ii. 100% ethanol 5 min for each of 2 baths
iii. 95% ethanol 5 min
iv. 70% ethanol 5 min
v. distilled water 3 min

3. Tap slides to Kimwipes to drain them; then encircle sec-
tions carefully using a DAKO pen to retain the experimen-
tal solutions directly over the tissue.

4. Cover sections with PBS (0.05 M, pH7.4) 5 min and then
with PBS (0.1 M, pH7.4) + 1% H2O2for 30 min at room
temperature to quench endogenous tissue enzymes. Slide
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incubations can be conducted over a sink, in humidified
plastic boxes, or in other ways. It is essential that the solu-
tions never dry out on the tissue. A water tap vacuum aspi-
ration system is very convenient for removing treatments
and washes.

5. Wash slides thrice with PBS (0.05 M, pH7.4) then apply
a blocking buffer of 1% BSA in 0.1 M PBS for 30 min to
block nonspecific binding sites.

6. Remove blocking buffer and load biotinylated DBA lectin
diluted at 1:150–1:600 (see Note 11) in 0.1 M PBS with
1% BSA over the test sections. Negative control sections
should include some covered with buffer only and some
covered with lectin solution that was pre-mixed with 0.1 M
N-acetyl-D-galactosamine, the competitive ligand of DBA
lectin. Positive control sections for any run could be gd10.5
implantation sites from normal mice. Put the test and con-
trol slides into a humidified box with a lid, close the lid,
and incubate overnight at 4◦C.

7. The next morning, wash the slides thrice with PBS
(0.05 M, pH7.4). Then cover the sections with Extravidin
peroxidase (1:200) for 30 min at room temperature.

8. Wash the slides thrice with PBS (0.05 M, pH7.4) and then
thrice with TBS (0.05 M, pH7.4).

9. Cover the sections with 0.1% diaminobenzidine (DAB) in
TBS (0.05 M, pH7.4 containing 0.3% H2O2). DAB is light
sensitive and must be kept in the dark until immediately
before use. Monitor the color development reaction under
the light microscope (usually 1–5 min, over-staining will
obliterate details of subcellular organelles). Once a brown
color has developed, stop the reaction by dipping the slides
into tap water then wash them in distilled water 3 min.

10. Counter stain ∼10 s in Harris’s Hematoxylin and rinse in
running tap water for 5 min.

11. Dehydrate and clear the slides using the following steps:
a. 70% ethanol 5 min
b. 95% ethanol 5 min for each of 2 baths
c. 100% ethanol 5 min for each of 2 baths
d. Xylene 5 min for each of 2 baths

12. Mount coverslips onto the slides and view microscopically.

3.4. Quantitative
Histological Assays

3.4.1. uNK Cell
Enumeration

1. Slides are mounted using a ribbon of serial sections from the
middle of an implantation site. Try to identify the precise
middle section. This section will be quantified. Because most
uNK cells are <50 �M in diameter, the remaining sections
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to be scored must be this distance apart. From the center
section being scored, we score five sections before the mid-
dle and five sections past the middle. Thus, if you have cut
sections at 5 �M, you need a ribbon with ∼100 sections
(early implantation sites however usually give <10 useful
sections). We strongly recommend mounting sections indi-
vidually using the pattern shown in Fig. 31.4A. While this

Fig. 31.4. Drawings to illustrate preparation of serial sections for multiple studies on the same implantation site (A) and
use of the micrometer scoring grid for uNK cell enumeration (B). A set of glass slides is serially numbered from 1 to 7 (or
other value depending on thickness you are cutting and space you wish to leave between sections to prevent duplicate
counting of the same large uNK cell. This may vary by the stage of gestation). The first section cut (example uses 7 �M
with scoring 49 �M apart) is placed at the top of slide 1, the second at the top of slide 2 and so on until slide 7. The 8th
section is placed in the middle of slide 1, the 9th section in the middle of slide 2 and so on until the section 14 on slide
7. The 15th section is placed at the bottom of slide 1, the 16th at the bottom of slide 2 and so on until 21st section is
placed at the bottom of slide 7. This can then be repeated with a new set of slides labeled 8–14 as required. This process
prepares 7 slides with 3 sections each with a total of 21 sections. It represents ∼150 �M of serial sections and any
slide chosen has 3 sections 50 �M apart, suitable for quantitative analysis. The remaining slides are already prepared
for alternate staining procedures and have the great advantage of being sequential serial (mirror) sections to compare
with the first stain protocol used. Two replicate experiments for three different protocols of the same tissue area can
thus be conducted. This procedure takes more time and technical attention but optimizes the use of important or rare
specimens. The alternate approach of cutting the same block again fails to give replicate cellular /tissue components
of small areas like the implantation crypt or MLAp in early mouse implantation sites. For uNK cell enumeration, all uNK
cells (DBA lectin staining positive) inside the grid area should be counted. To adjust counts to cells/mM2 of tissue, counts
should be adjusted to exclude the areas measured that were vascular spaces (indicated as SA, spiral artery), particularly
if the specimen was perfused, which would have washed out intravascular uNK cells.
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method is more time consuming than mounting a ribbon, it
improves staining consistency for sections that will be scored
and pre-prepares adjacent serial section slides for subsequent
histo- or immunohistochemistry. The center of each implan-
tation site is confirmed by the presence of the uterine mesen-
teric vessels. DBA lectin positive cells will include mature
uNK cells with positive surface membranes and positive
granules, immature uNK cells with positive surface mem-
branes and no granules, endothelial cells, and fetal yolk sac
islands. In mice, the separation of the decidua basalis from
the MLAp should be recognized in samples >8.5 days of
gestation. uNK cells are enumerated separately in these two
regions at 400× magnification on the 11 sections selected
for study. Only uNK cells with nuclei in the plane of section
are counted to prevent duplicate counting in other sections
of a single, very large cell. We still employ a 1 mM2 ocular
grid for manual scoring and adjust the tissue area calcula-
tion for vascular spaces that contain no uNK cells due to the
perfusion process (Fig. 31.4B; Comment: If intravascular
uNK cells are of interest, the animal should not be perfused.
Sections from such an animal should not be used for mea-
surements of blood vessel parameters, however, due to post-
mortem constriction of vascular smooth muscle permitted
by the lack of perfusion).

2. Similar measurements are ideally made on three implanta-
tion sites from a single pregnant female and three females
pregnant at the same gd or in the same treatment group are
used.

3. We find it essential that one observer conduct all of the
counting for a study. A full complement of independent
counts can be made by a second observer. Partial counts
by two observers should not be mixed in a study as some
judgments are required in this scoring.

3.4.2. Spiral Artery
Evaluation

1. Spiral arteries occur in the central decidua basalis from
∼ gd9.5 (Fig. 31.1D). They can be identified in hema-
toxylin and eosin stained sections or with special stains
described in standard microscope techniques books (20, 21).
Spiral arteries are usually seen as vessel cross section clus-
ters with somewhat thick muscular walls. Locate such vessels,
selecting those closest to a round shape.

2. We use an AxioVision 4 software-equipped Zeiss M1 micro-
scope to draw the contours of both the limit of the spiral
artery outer wall (V) and of the endothelial surface at the
lumen (L) and calculate surface areas. This is done for the
central section and five preceding and following sections as
outlined in Section 3.4.1. Ratios of these measures are then
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calculated to assess the extent of spiral arterial modification.
This type of study requires perfusion fixation to maintain
in vivo vessel size. Again, we find it essential that calcula-
tions from different observers not be pooled but reported as
replicate observations.

3.5. Molecular
Analyses of
LCM-collected uNK
Cells

3.5.1. Rapid
Hematoxylin and Eosin
Staining for LCM (see
Section 2.3.2 and Notes
12 and 13)

1. Leave slides at room temperature for 30 s to 1 min.
2. Move to 75% ethanol for 30 s.
3. Rinse sections with ultra-pure water (RNase, DNase free).
4. Place slides on paper toweling.
5. Add hematoxylin (enough to cover the sections) for 15 s.
6. Rinse sections with ultra-pure water (RNase, DNase free).
7. Add eosin (enough to cover the sections) for 15 s.
8. Rinse sections with ultra-pure water (RNase, DNase-free).
9. Move to 75% ethanol for 30 s (see Note 14).

10. Move to 95% ethanol for 30 s.
11. Move to 95% ethanol for 30 s.
12. Move to 100% ethanol for 30 s.
13. Move to Xylene (100%) for 5 min.
14. Air-dry slides for 5 min.
15. After staining, proceed immediately with LCM.

3.5.2. Dissection of uNK
Cells from Frozen Tissue
Sections and Cell Lysis
for Nucleotide Extraction

1. Wipe down the LCM instrument, especially the stage with
RNase inhibitor solution just before use. Turn on the LCM
instrument, camera, and computer (see Notes 7 and 15).
Check the settings on the controller. Load Capsure HS
LCM caps onto the dovetail. You will manipulate the micro-
scope stage using the joystick. Avoid using hydrophobic wax
pens for writing on the glass slides. Pencil or diamond pen
writing should be used.

2. Place your slide on the stage and find your area of interest.
This takes practice because the frozen, weakly stained tissue
lacking a coverslip is very different to coverslipped, paraffin-
embedded tissue. Use of fluorescent-tagging systems is rec-
ommended as a superior way to identify cells to be collected
for LCM. Turn on the vacuum on the controller to hold the
field of interest in position.

3. Swing the arm, loaded with caps, over the slide and place it
onto the field of interest. Remember, you will not be able to
see the laser spot unless you put the cap over the section.
This is to protect your eyes from the infrared beam.

4. Select the laser spot size. Turn on the laser key and enable
the laser beam by pushing the button on the controller.
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Focus the laser beam. Focusing at 10× magnification gives
the best focal point.

5. Make fine adjustments to the power and duration settings to
get the desired laser spot. Check the laser spot in a tissue-free
area of the slide to ensure it is the desired size.

6. Proceed to capture the desired number of cells. We normally
capture 200 or 500 individual cells on one cap to make a
sample.

7. Unload the LCM cap with the cap insertion tool and imme-
diately conduct RNA or DNA extraction.

3.5.3. RNA Isolation and
Linear Amplification

1. Place LCM cap into the ExtraSure assembly in an align-
ment tray. Follow Picopure RNA Extraction Kit instruc-
tions (summarized below for current product) for RNA
extraction.

2. Add 10 �L of extraction buffer.
3. Place 0.5 mL microfuge tube on top of the assembly and

incubate at 42◦C for 30 min.
4. Centrifuge the microfuge tube mounted by cap-ExtraSure

assembly to collect cell extract. This is the first place you
can stop in the LCM protocol by storing the cell extract at
−80◦C.

5. To continue with the fresh or a thawed sample, pre-
condition the RNA purification column with extraction
buffer (50 �L).

6. Centrifuge the column.
7. Add 10 �L of 100% ethanol to the cell extract. Pipette this

mixture to the pre-conditioned column and centrifuge.
8. Wash the column by centrifugation at 8000×g for 1 min

with 50 �L of wash buffer 1 followed by 50 �L of wash
buffer 2.

9. Repeat the wash using only wash buffer 2 and centrifuge at
16000×g for 2 min.

10. Elute the RNA with 10 �L of nuclease-free water.
11. This RNA can be immediately used for downstream appli-

cations like reverse transcription (RT) or anti-sense (a)RNA
amplification or can be stored at −80◦C. If you have suf-
ficient RNA, quantify it using a UV spectrophotometer or
evaluate its quality by bioanalyzer (see Note 16).

3.5.4. Linear Anti-sense
RNA (aRNA)
Amplification, an
Optional Step

This process is used only if the RNA yield from the LCM harvested
cells is very low. RNA amplification is carried out using Mes-
sageAmp II aRNA kit as per manufacturer’s instructions, sum-
marized below.
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1. Take 11 �L of total RNA isolated using the picopure extrac-
tion kit and add 1 �L of T7 oligo (dT) primer. Incubate
this mixture at 70◦C for 10 min in a thermal cycler and then
place it on ice.

2. Add 8 �L of reverse transcription master mix (2 �L of 10×
first strand buffer, 1 �L of RNase inhibitor, 4 �L of dNTP
mix, 1 �L of reverse transcriptase) to each sample and incu-
bate for 2 h at 42◦C.

3. Follow immediately with second strand cDNA synthesis
using a master mix comprised of 20 �L of the cDNA sam-
ple just obtained, 63 �L nuclease-free water, 10 �L of 10×
second strand buffer, 4 �L of dNTP mix, 2 �L of DNA
polymerase, and 1 �L of RNA H and incubate for 2 h at
16◦C.

4. Filter this cDNA using a cDNA filter cartridge and elute in
20 �L of nuclease-free water.

5. Perform in vitro transcription to synthesize anti-sense RNA
and pass this mixture through aRNA filter cartridge as per
kit instructions.

6. The resultant aRNA can be eluted in 100 �L of nuclease-
free water and stored at −80◦C until further use or can be
utilized for reverse transcription to make cDNA.

7. Avoid repeated freezing and thawing of the RNA.

3.5.5. cDNA Synthesis 1. One �g of total RNA or 200 ng of aRNA is brought to
a total volume of 20 �L using nuclease-free water and is
reverse transcribed using the First Strand cDNA synthesis
kit (GE Healthcare).

2. Incubate the RNA samples in a thermal cycler (10 min,
65◦C) then mix with 1 �L of DTT, 1 �L of Not-1 d (T)
primer, and 11 �L of bulk first strand cDNA mix.

3. Incubate this reaction mixture at 37oC for 60 min followed
by 90oC for 5 min and then place it on ice.

4. The resulting cDNA can be used in downstream applications
such as real-time PCR or stored at −20◦C for further use.

3.5.6. Quantitative
Real-Time Polymerase
Chain Reaction

1. Design sets primers using Primer 3 (http://frodo.
wi.mit.edu/cgi-bin/primer3/primer3 www.cgi) or other
software programs.

2. A wide variety of real-time PCR equipment is available. We
use Roche Real-Time PCR Light Cycler (Roche Diagnos-
tics, Laval, QU, Canada). The methods and PCR program
described below are only applicable to this instrument. We
routinely use Quantitect SYBR Green I PCR mix kit for gene
expression quantification.
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3. LightCycler reactions are performed in 20 �L total reaction.
Each reaction mixture contains 2 �L cDNAs, 10 �L SYBR
Green I master mix, 1 �L sense, and anti-sense primers (0.5
�M each), and 6 �L PCR-grade water supplied with the kit.

4. The LightCycler program for each gene is denaturation
(94◦C, 15 min), PCR amplification and quantification
(95◦C, 10 s; 58◦C, 5 s; 72◦C, 20 s), and the fluorescence
measurement at specific acquisition temperatures for 5 s,
repeated for 45 cycles. Relative gene expression data are
quantified using RelQuant LightCycler analysis software.

3.6. Tissue
Dissociation and uNK
Cell Enrichment
Using Density
Gradient
Centrifugation (for
Flow Cytometry)

1. The euthanized, non-perfused mouse is placed on its back
in a dissection tray, moistened with 70% ethanol, wiped to
remove excess alcohol, and the abdominal cavity is opened
with a long, ventral midline laparotomy incision. A skin inci-
sion is made with the first set of dissection instruments and
the abdominal muscles are incised with clean new instru-
ments.

2. Using sterilized forceps, retract the uterus gently (it may
be partly hidden by a full urinary bladder) until the ovaries
are seen. Transect the uterine suspensory tissue below each
ovary; then lift the uterus to identify the uterus–cervix junc-
tion and transect the uterus at this junction to remove it
by cutting the mesentery. Leave a small edge of mesen-
tery attached to the uterus for orientation during dissection.
Place the intact uterus into a petri dish containing the cold
medium to be used in the study. If several mice are to be
dissected for study, it is optimal to completely dissect one
uterus before euthanasia of the next mouse.

3. Dissections at gd6.5-8.5 differ to those at later times. The
early times are prior to placental differentiation; the later
times are after placental development. It is common to
obtain 6–10 healthy implantation sites/uterus. Regions with
resorbing or retarded fetuses are excluded from study or
studied separately. For gd6.5-8.5 specimens, transfer the
uterus to a dry petri dish to improve ease of dissection but
you will need to work quickly to prevent tissue drying. Open
the uterus along the anti-mesometrial side using Vannas scis-
sors. If these are not available, use straight iris scissors or two
pairs of number 5 watchmaker’s forceps at 90◦ angles to each
other for a scissor-like cutting action (see Note 17).

4. Using curved, blunt-ended forceps, gently stroke the
mesometrial tissue to remove each implantation site off the
uterus and place all conceptuses of a single group (age or
manipulation or genotype, etc.) into a dish of medium to
hold them until the full group of uteri is dissected. Discard
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the uterus (progenitor cells may be present in this tissue but
not uNK cells).

5. Transfer the dissected conceptuses enclosed in decidua to the
dissection microscope. For gd6.5-7.5, the primitive streak
embryo lies in the center of the decidua in a crypt that
is visibly red due to its content of erythrocytes. The poles
of the decidua at either end of this red streak are differ-
ent. The anti-mesometrial pole is smoother, narrower, and
pinker; the mesometrial decidua basalis is white, wider, and
uneven where it detached from the uterus. With two pairs of
#5 watchmaker’s forceps or one forceps and very fine scis-
sors, remove the decidua basalis by transecting just beyond
the end of the red streak of the embryonic cavity and place
the decidua basalis into medium. Proceed to dissect all of
the conceptuses in this way. Again, doing the dissection on a
dry dish makes the task much easier by elimination of sample
floating. This is highly recommended but work quickly.

6. For dissections at gestation stages with a placenta (gd9.5
or later), instructions 1–3 in this section are the same. The
differences come in retaining the uterus, where the MLAp
has now developed and in the more difficult dissection to
remove decidua basalis. Begin using curved forceps to pull
the conceptus off the uterus. Try to keep the conceptus
and placenta together at this stage and place into holding
medium. Loss of amniotic fluid is not of concern. Return
to the uterus with the lumen surface facing up and apply
traction to thin out the uterus. You will see a linear series
of raised white pebble-like structures. These are the MLAps,
one at each place a healthy conceptus was removed. MLAps
are usually covered by remnants of decidua basalis that can
be scrapped off and reserved for study before MLAp dis-
section. It is impossible to dislodge the MLAp when scrap-
ing off the residual decidua, so considerable force can be
used in this clean up. Then, using curved iris scissors, cut
out each MLAp with a scoop-like cut. Try not to collect
the non-decidualized endometrium around the MLAp and
not to cut through the uterine wall, since these actions will
unnecessarily contaminate your lymphocyte preparation with
uNK cell-devoid endometrium from between implantation
sites, muscle cells, and visceral peritoneum. As the MLAps
are removed, place them into fresh medium in a tube or dish
labeled MLAp.

7. Return to the conceptuses. Move each in turn to a dry dis-
section dish, remove, and discard the fetus, being careful to
note which side of the placental disc (red) faced the fetus.
It is best when learning, to complete dissection of each con-
ceptus fully, before continuing to ensure orientation. Place
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the fetal-facing side down and the maternal side up and view
under a dissection microscope. The fluffy whiter material
facing you is the decidua basalis, a covering over the fetal
trophoblast layers of the placenta. Decidua cannot be dis-
sected as a pure tissue but is significantly enriched by dissec-
tion. Decidua should be carefully under-excavated with #5
watchmaker’s forceps and taken off like the peel on a navel
orange with the recessed “button” being where the decidua
basalis tore away and stayed over the MLAp. It sometimes
helps to cut out a small, full thickness wedge to the center
of the placenta and view the layers of tissue [there are three
different colors with the labyrinthine region (bottom most
and central in this dissection the reddest)] before undertak-
ing the “peeling” dissection. Alternatively, some investiga-
tors find it sufficient to pinch off the whiter surface. Others
may use the intact placenta (both maternal and fetal parts)
but this approach again yields very high levels of extraneous
material.

8. Once all of the decidua basalis is harvested (pool samples dis-
sected from the placenta with those scraped off the MLAp),
sterile scissors are used to finely mince it into ∼1 mM3

pieces in a small volume of medium (∼1–3 mL). To isolate
leukocytes, these pieces are pressed through a stainless steel
mesh into medium using the syringe plunger; then trans-
ferred to tubes. Cells are pelleted by centrifugation (750×g),
re-suspended in 3 mL 0.1 M PBS, loaded over 3 mL
Lympholyte-M density gradient, and centrifuged (1350×g;
30 min; 20◦C). Cells are aspirated from the interface, har-
vested by centrifugation (1200×g), and washed twice with
PBS before enumeration of a trypan blue-suspended aliquot
in a hematocytometer. Usually, about 1–2×104 lymphocytes
can be obtained from one gd9.5 implantation site. Multiple
implantation sites from one or more pregnant mice of the
same genotype and treatment group at the same gestation
stage can be pooled together unless the investigator is using
each pregnancy as a replicate experiment.

3.7. Tissue
Dissociation and uNK
Cell Purification
Using DBA
lectin-Coated
Magnetic Beads for
Cell Culture or RNA
Isolation (see Note
18)

1. To prepare DBA lectin-coated beads, set a 1.5 mL tube of
50 �L CelLection M450 magnetic beads into a magnetic
particle concentrator (MPC, Dynal Inc). Wash the beads
thrice with PBS/Tween. Remove the MPC, resuspend the
beads in 100 �L PBS/Tween, add 4 �L biotinylated DBA
lectin, and incubate 30 min at room temperature. Reload
the tube to MPC, wash thrice with PBS/Tween, then
resuspend the beads in 0.1 M PBS.

2. Dissect uNK cell-enriched tissues by following Section 3.6
using Hank’s balanced salt solution as the medium.
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3. Chop the MLAp and decidua into small pieces with sterile
razor blades in 1mL Hank`s solution containing 1000 IU
DNase I in a sterile petri dish and dissociate further by del-
icate pipetting for 2 min. Remove the undissociated tis-
sue debris by passing the sample through an 80 �M mesh
nylon filter membrane and collect the homogenate contain-
ing uNK cells in a 10 mL centrifuge tube (see Note 19)

4. Add 2 mL distilled water to the cell suspension. After
20 s, restore the osmolality by adding 1.25 mL of 3.5%
NaCl. Invert the tube rapidly but gently mix and centrifuge
(250×g for 5 min at 4◦C). Resuspend the cell pellet with
1.5 mL 0.1 M PBS pH7.4 containing 2% BSA.

5. Enumerate a trypan blue-suspended aliquot in a hematocy-
tometer.

6. Add DBA lectin-coated magnetic beads in a volume to give
1 bead for each 2 cells in the cell suspension. Mix 15 min
on an orbital rotating platform (∼20 rpm) at 4◦C. (see
Note 20). Set the MPC into the orbital rotor and immobi-
lize the magnetic beads on one side of the microfuge tube
for 20 s.

7. Remove the cell suspension carefully without disturbing
the immobilized cells. Transfer the cell suspension to a new,
labeled microfuge tube (non-uNK cell-1) and keep it in the
ice bath.

8. Remove the microfuge tube from the MPC and resuspend
the magnet-retained cells (Fig. 31.5A) in 500 �L of 0.1 M
PBS/2% BSA containing 0.1 M N-acetyl-D-galactosamine
for 5 min. Set the microfuge tube in the magnetic parti-
cle concentrator and again immobilize the magnetic beads,
collect the cell suspension to a new labeled microfuge tube
(uNK cell-1; see Note 21; Fig. 31.5B).

9. Centrifuge (750×g) 5 min and resuspend the cell pellet
with RPMI 1640 medium supplemented with 10% fetal
bovine serum and 1 mg/mL gentamycin.

10. To increase cell yields, the negatively selected cell suspen-
sion (non-uNK cell-1) needs to be reloaded with DBA
lectin-coated magnetic beads and Steps 6–9 repeated. Place
the first cell suspension removed into a new microfuge
labeled “non-uNK cell-2” and the enriched cells into a new
tube labeled “uNK cell-2”.

11. Now starting with the tube labeled “non-uNK cell-2”
repeat Steps 6–9 placing the first cell suspension removed
into a new microfuge tube labeled “non-uNK cell-3” and
the enriched cells into a new microfuge tube labeled “uNK
cell-3”.
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Fig. 31.5. (A) Differential interference contrast (DIC) image of uNK cells freshly isolated
using DBA lectin-coated magnetic beads and (B) after detachment using the compet-
itive sugar N-acetyl-D-galactosamine (see Section 3.7). The small cells (arrows) are
contaminating red blood cells that can be removed by hypotonic lysis. (C) illustrates
a four chamber culture glass slide with two droplets of culture medium (pink dots) in
each chamber covered with mineral oil. (D) detail illustrating the side view of one cham-
ber with two culture droplets (shaded domes) completely covered with mineral oil. (E, F)
uNK cells attached on a fibronectin coated surface and cultured with RPMI 1640 medium
supplemented with IL-15 and CXCL10 at 24 and 96 h, respectively.

12. Pool “uNK cell-1, cell-2 and cell-3” tubes and count an
aliquot suspended in trypan blue in a hematocytometer.
Up to 90% cell viability can be achieved with 0.7–1.2×104

uNK cells recovered per implantation site at gd7.5 or 8.5.

3.8. Microspot
Culture of Mouse
uNK Cells

1. Coat the desired number of slide culture chambers
(Fig. 31.5C,D) with 2 �g/mL sterile fibronectin.

2. Place 0.2 to 2×104 cells in 50 �L sterile RPMI 1640
medium supplemented with 10% fetal bovine serum,
0.2 �g/mL IL-15, and 100 ng/mL CXCL10 onto the
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center of each culture chamber, taking care not to allow
the dot to spread on the surface. Fill the chamber carefully
with sterile mineral oil, covering the dot of culture medium
entirely. The aqueous culture medium becomes a round dot
surrounded by hydrophobic paraffin oil.

3. Rotate the slide gently to concentrate (swirl) the medium
and cells to the center of droplet.

4. Place the cultures into a humidified atmosphere with 5%
CO2 at 37◦C.

5. After 6 h, using trans-illuminated stereomicroscopic obser-
vation, remove half (∼25 �L) of the culture medium and
any cell debris (Comment: Viable uNK cells will be firmly
attached to the fibronectin-coated surface. Floating cells and
cell debris must be removed as lytic enzymes from dam-
aged uNK cells appear to reduce the viability of healthy uNK
cells). A microcapillary needle mounted on a micromanipu-
lator arm is required to control the slow flow rate and precise
measurement of volumes needed for feeding these cultures.
Replace the medium with an equal volume of fresh medium.
This should be done twice so that 75% of the medium in
each culture droplet is fresh every 24 h.

6. uNK cell integrity can be followed by daily microscopic
observation. This microspot culture system maintains puri-
fied uNK cells suitable for microscale in vitro assays (such
as cytokine stimulation) for 5–7 days. About 2×103 uNK
cells from these microspot cultures yield sufficient mRNA
for evaluation by conventional RT-PCR. The conditioned
medium supplemented with IL-15 and CXCL10 is adequate
for uNK cell maintenance and differentiation, but does not
induce cell proliferation. Studies to improve these cultures
for expansion of uNK cell numbers continue.

3.9. Flow Cytometry 1. Conduct all steps in the cold and keep samples pro-
tected from light when working with fluorescent antibodies.
Because uNK cell viability is sensitive to microenvironmen-
tal change and many uNK cells are very large and fragile,
we highly recommend performing flow cytometry as soon
as the cell suspension is available.

2. uNK cells should be freshly isolated without enzymatic
digestion. Cells should initially be incubated with anti-CD16
(clone 2.4G2) for 10 min at 4◦C to block FcRs on various
leukocytes, including uNK cells, then washed by centrifuga-
tion (750×g) in FACS buffer.

3. Dilute previously titered primary and isotype control anti-
bodies or DBA lectin to their optimal concentrations in
FACS buffer. Dispense antibodies or lectins into pre-labeled
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microfuge tubes (1.5 mL). If performing multiple color
staining, add all of the fluorochrome-labeled antibodies
simultaneously. Use 50 �L of PBS for the unstained neg-
ative control.

4. Add 50 �L of prepared cell suspension (equal to 106cells)
to each tube, mix gently, and incubate 30 min in the dark
at 4◦C. (Note: Some antibodies may require longer incuba-
tion times, which would be determined in preliminary exper-
iments. The DBA lectin incubation must be terminated at
5 min to prevent cell lysis).

5. After the incubation period, add 1000 �L PBS to each tube.
Centrifuge the cells for 5 min (750×g) at 4◦C. Aspirate
the supernatant and repeat an additional two times for a
total of three washes. If you are using unconjugated- or
biotin-labeled antibodies, you would now add the proper
second step reagent (a fluorochrome- or Avidin-conjugated
secondary antibody) in 50–100 �L of PBS to each sample.
This would be incubated in the dark for 30 min at 4◦C and
the cells recovered by two washes.

6. Resuspend the stained cell pellet in 200 �L FACS buffer
and analyze the samples using a flow cytometer. Typically,
10,000–50,000 lymphocytes can be evaluated but when
working with uNK cells, the investigator must anticipate
having limited total cell numbers.

7. At Queen’s University, we use a CytomicsTM FC500 Flow
Cytometer and perform data analyses with FlowJo software.
At The Babraham Institute, a DB LSR-II benchtop cytome-
ter is used with the same software. Figure 31.6 shows
an analysis of uNK cells prepared from gd9.5 C57BL/6J
implantation sites by Section 3.6.8. The first gates were set
around the lymphocytes in the forward scatter and side scat-
ter dot plots. This excludes other cell types from the analy-
ses. First, a gate was set around the DAPI− cells to exclude
DAPI+ dead cells (not shown in the figure; see Note 22).
Then gates were set around two partially overlapping pop-
ulations defined by their forward and side scatter profiles:
small cells (R1, which contain lymphocytes found in lym-
phoid organs, i.e., spleen, lymph nodes, thymus, and bone
marrow) and large granular cells (R2). Live uNK cells are
found in both R1 and R2 but further analysis was carried
out on the small cells in R1, because they can be directly
compared for size and granularity to NK cells found in lym-
phoid organs. The cells in R1 were further divided into two
subsets, one that is NK1.1+ and DX5+ (S1), and another that
is negative for both (S2). These latter cells are the DBA+ cells
(see Notes 23 and 24).
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Fig. 31.6. Leukocyte suspensions were prepared from gd9.5 C57BL/6 mice as described
in the text. Dead cells were excluded by DAPI (not shown). The scatter plots highlight
two populations in the uterus, one that is similar to the lymphoid population in the spleen
(R1, 20–25%), and the other that contains larger and more granular cells (R2, 10–15%).
After gating on R1, NK cells are gated as CD3−CD122+ cells and, among these cells,
NK1.1 and DX5 differentiate two subsets. One minor subset (S1, about 30% of the uNK
cells) is positive for both markers and therefore similar to peripheral NK cells, whereas
the other subset (S2, about 70% of the uNK cells) does not express either marker. Most
of the NK1.1−DX5− cells in S2 are DBA lectin reactive, whereas both splenic and uterine
NK1.1+DX5+NK cells are negative for DBA lectin staining. The frequency of the R2 pop-
ulation varies between experiments; however, the NK1.1+DX5+ and the NK1.1−DX5−

subsets are also found in R2 and their frequency as well as their reactivity with DBA
lectin are comparable to those in R1. To date, there are no reports on functional assess-
ment of these cells as individual subsets. NA = not applicable.

4. Notes

1. It is essential to understand the anatomical meaning of
“anti-mesometrial” and “mesometrial” for successful study
of uNK cells. The mesometrium is the mesentery suspend-
ing the uterus in the abdominal and pelvic cavities. It
is also called the “broad ligament.” The mesentery car-
ries the arteries, veins, and sympathetic nerve fibers that
service the uterus and are only found at one point on
the circumference of mouse uterine horns, the mesome-
trial side. Sympathetic nerve fibers cross the mouse uter-
ine wall (myometrium) but do not enter the mucosa
(endometrium) or decidualized mucosa. Uterine arteries
and veins cross the uterine wall and become finely branched
in the endometrium. Vessels in the mesentery that lead to
an implantation site are noticeably dilated compared to ves-
sels servicing uterine tissue between implantation sites. The
normal mouse placenta is always on the mesometrial side
of the implantation site while the amnion-enclosed fetus
proper always lies towards the anti-mesometrial side. Dis-
section to open the uterine lumen for uNK cell study is
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always conducted from the anti-mesometrial side to pre-
vent damage to the uNK cell-rich regions.

2. Endometrial decidualization in the absence of a concep-
tus (conceptus is a term encompassing and implying both
fetus and placenta) is referred to as deciduoma (singu-
lar) or deciduomata (plural). When deciduoma is present,
the mouse is described as pseudopregnant. Study of this
“artificial” decidua is limited to early events because, for
most induction protocols, the tissue breaks down earlier
than the decidua of pregnancy. The stages of develop-
ment and distribution of uNK cells within the deciduo-
mata may not be equivalent to those in the pregnant uterus
(22–24). Women with ectopic pregnancies do not develop
decidua at the ectopic blastocyst implantation site. How-
ever, their uterus decidualizes as if it contained the con-
ceptus. In such cases, the decidua is retained as long as
the woman carries the ectopic pregnancy. This uNK cell-
containing human decidua, lacking fetal cell invasion, is
called “eutopic” decidua.

3. DBA lectin is not a universally successful stain for uNK cells
in all species. There is no membrane reaction with rat uNK
cells, while in pig endometrium many cell types react and
the lectin lacks useful specificity. The usefulness of DBA
lectin as a marker for uNK cells in species other than mice
must not be assumed.

4. Tissue processor chemicals: 70% alcohol; 80% alcohol; 95%
alcohol × 2 baths; 100% alcohol × 2 baths; Xylene ×
2 baths; Paraffin (Fisher Scientific, #23-021-401) × 3
baths. Several less hazardous and less toxic naphthalene
or petroleum-derived solvents like Paraclear (Polysciences,
Inc), Clear Advantege (Polysciences, Inc), UltraClear (JT
Baker) can be used as substitutes for xylene or toluene dur-
ing histoprocessing for paraffin embedding, deparaffiniza-
tion, and permanent mounting of paraffin sections. For
standard morphological evaluations or DBA lectin stain-
ing using peroxidase detection, no differences are apparent
with these alternative solvents. For immunocytochemistry,
this can be antigen/antibody dependent. For example,
antigens localized close to the plasma membrane or
expressed by membranous organelles can be masked by
the use of ParaClear, a less effective solvent for lipid
solubilization.

5. DAB is a suspected carcinogen. Wear the appropriate pro-
tective clothing. Deactivate DAB with chlorine bleach in a
sealed container overnight in a fume hood. Noxious fumes
are produced when the bleach is added. Dispose of this
solution according to local safety guidelines.
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6. H2O2 is unstable. It should be stored cold and in the dark.
We find it most effective to aliquot freshly opened product
into 1.5 mL volumes and freeze it at −20

◦
C. Once thawed,

the product is used only once and discarded.
7. The methods described relate to our current system, the

Arcturus Pixcell IIe. This instrument has been replaced
by newer models but most of the concepts and protocols
remain valid. Recently, Molecular Devices was purchased
by MDS Analytical Technologies, Toronto, Canada. Read-
ers should anticipate changes in ordering information for
supplies we have listed as coming from Molecular Devices.

8. It is possible to collect migrating uNK cells from tis-
sue explants of the MLAp (25) but it is recommended
that the original overnight incubation be replaced with
a 3.5 h incubation and that IL-15 supplementation of
the medium be used. Early explants of mesometrial tissue
(gd3.5–5.5) provide outgrowth of apparent uNK progen-
itor cells (Croy, unpublished). None of the authors cur-
rently use this method.

9. Mice are nocturnal animals and breed in the dark part of
their day–night cycles. Most animal colonies use 12 h light
and 12 h dark. If possible for breeding studies, a 10 h
light and 14 h dark cycle should be used. Mating is esti-
mated as occurring at the midpoint of the dark interval.
The morning of the vaginal plug is thus properly called
gd0.5. Some investigators prefer to call it gd0 while others
call it gd1. It is essential that authors define their gestation
dating nomenclature in publications to permit data com-
parisons between laboratories since rapid (<24 h) changes
occur in conceptuses and in the endometrial immune sys-
tem during early gestation.

10. For long time storage (>1 week), −80◦C is recommended.
Long-term freezing at −20◦C dries out the OCT and tissue
and results in tissue shrinkage.

11. DBA lectin of different manufacturing lots and from differ-
ent manufacturers will not show equal reactivity. A titration
experiment is needed to establish optimal staining from
each lot.

12. We also developed a rapid DBA lectin staining method
(<40 min) for identification of mouse uNK cells in frozen
sections being used for LCM from the protocol given in
Section 3.3. Rapid DBA lectin staining requires the same
rigorous RNase-free methods described for H&E stain-
ing for LCM. Thaw cut frozen sections at room temper-
ature (30 s) without drying and fix immediately (30 s)
in 70% ethanol. Rehydrate the sections in nuclease-free
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water (45 s). Cover the sections for 5 min with 1:10
hydrogen peroxide and Tris-Borate solution pH7.5 (TBS;
0.1 M, boric acid 0.1 M). To avoid nonspecific bind-
ing, block the sections with 4% bovine serum albumin
in TBS (5 min), then incubate the slides on an orbital
shaker (37◦C, 10 min) with DBA lectin (1:25 dilution
in TBS). Wash sections with TBS, and apply streptavidin
(1:50) in TBS (10 min). After rinsing with TBS, apply 3-3′-
diaminobenzene for 5 min. Rinse the sections in nuclease-
free water and counterstain for 15 s with hematoxylin, fol-
lowed by dehydration for 15 s in each of 75%, 95%, and
100% ethanol and move into xylene for 5 min. Air-dry
these slides (5 min) and place into a slide box over desicca-
tor sand and perform LCM immediately (Comment: RNA
cannot be isolated from PAS-stained sections).

13. QUICK STAINING KITS are also available from DAKO.
Incubate slides with primary, secondary, and tertiary
reagents for 90–120 s each, rinse briefly with PBS at each
step. Develop color with DAB for 3–5 min and counter-
stain with Hematoxylin.

14. If you experience difficulty in lifting cells from the tissue,
incomplete dehydration of the tissue is often the problem.
One approach to reduce this difficulty is to double each
dehydrating alcohol step. Then, dip the slide in the first
bath and immediately move it to the second bath of the
same concentration for the timed step. This reduces carry-
over of the more aqueous solution between reagents.

15. These comments apply to an Arcturus Pixcell IIe. Newer
instruments are more automatic, do not use a joystick, do
not require focusing of the laser, do not use a vacuum slide
holding system, and can be loaded with more than one
slide. We describe the basic system that we have used for
our published work (26–28).

16. If RNA cannot be recovered from the LCM sample, the
starting material may contain poor quality RNA, the RNA
may have degraded during extraction, or the RNA may not
have been extracted from the cells on the LCM Cap. If the
RNA isolated is of poor quality, check the source tissue of
the LCM sample for RNA quality, use proper rapid stain-
ing procedures, perform LCM immediately after preparing
the LCM slides, or use only frozen or alcohol fixed tis-
sue. Some fixatives, such as formalin or PFA, diminish RNA
quality. If the RNA yield is too low, RNA integrity in the
sample is compromised. Poor quality RNA may not bind
effectively to the purification column. You should check
buffer concentrations of the extraction kit and ensure tim-
ing of incubation during the extraction step was not too
short.
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17. It is essential to keep the delicate points of #5 watchmaker’s
scissors in high quality condition. They must not be burred,
bent, or misaligned when closed. Look at the tips under the
dissection scope to assess damage. Repairs can be achieved
using a sharpening stone (Fine Science Tools, #29008-22)
or #6-0 diamond sand paper under dissection microscope
observation. Most mouse embryologists keep their own
forceps closely guarded and several pairs should be avail-
able for each investigator requiring them.

18. NK cell suspensions can be isolated from the non-pregnant
uterus using a similar approach. Usually, we dissect the
uterus longitudinally in half for its full length by cutting
along both lateral sides. We retain the mesometrial side
and discard the anti-mesometrial side. Neither decidua nor
MLAps are present. You may use the entire uterus should
your research question require this.

19. For studies employing flow cytometry, enzymatic digestion
is omitted because it reduces surface expression of some
receptors. Minced decidua is pushed through a 100 �M
screen with a plunger from a syringe (Colucci laboratory)
and the resulting suspension is transferred to Lympholyte-
M for purification (Section 3.6.8). The purely mechanical
method was discarded as too harsh by the Croy laboratory
who found it reduced the validity of 51Cr-release assays.
Investigators are advised to test both protocols and to
modify them to define the optimal cell suspension protocol
for their own investigational purposes.

20. Do not increase the association time beyond 15 min because
longer incubations cause uNK cell lysis.

21. N-acetyl-D-galactosamine is the specific competitive sugar
binding to DBA lectin and is used to remove magnetic
beads from uNK cell surfaces. N-acetyl-D-galactosamine
should be added as soon as possible to increase the dis-
association rate of the magnetic beads from the cells and
increase the viability of uNK cells in subsequent vitro
assays. If the beads are not removed within 30 min, uNK
cell disruption occurs.

22. Uterine leukocyte suspensions contain a considerably
higher proportion of dead cells than lymphoid organ sus-
pensions. Dilacetate DAPI (D3571) can be used to exclude
dead cells from the analysis if the cytometer is equipped
with a 355 nM UV laser.

23. To identify uNK cells, monoclonal antibodies specific
for the following antigens can be used CD3ε (145-
2C11), CD122 (IL2�B, TM�1), NK1.1 (PK136), CD49b
(DX5), and DBA lectin (10). At gd9.5, about 30% of the
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cells found in the R1 and R2 gates are CD3−CD122+.
Within the CD3−CD122+ cells, the majority are neg-
ative for markers expressed by peripheral NK cells
such as NK1.1 and DX5, whereas a smaller subset of
cells is NK1.1+DX5+. DBA+ cells are confined to the
CD3−CD122+NK1.1−DX5− subset. Thus, not all uterine
NK cells are DBA+ and those that are DBA+ do not express
usual NK cell markers.

24. For strains of mice that do not express NK1.1, a combi-
nation of CD3, DX5 (or CD122), and DBA will be suffi-
cient to distinguish the two subsets of NK cells found in
the uterus.
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