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ABSTRACT To demonstrate human chorionic gonadotropin (hCG) and human placental lacto-
gen (hPL) secretory granules in placenta and to illustrate newer embedding techniques and specific
immunospecificity problems in the placenta, labeling experiments using immunogold or peroxidase
combined with avidin-biotin enhancement in epoxy LX-112-, Araldite-, or LR gold-embedded tissue
fixed in 2.5% glutaraldehyde or 2.5% paraformaldehyde were carried out in term and first-trimester
normal human placenta and in partial hydatidiform moles. Increased sensitivity of the low-
temperature LR gold method was found for hPL-labeled granules. bhCG-labeled granules were
noted in syncytium of first-trimester placenta, and bhCG-containing granules in hydatidiformmoles
were similar to those of normal placenta. Paraformaldehyde fixation and LR gold embedding
permitted identification of endoplasmic reticulum-associated labeling not observed with other
methods. A brief review and discussion of immunolabeling methods, controls, and embedding
materials is presented. We conclude that further refinement of peptide localization methods in the
placenta is possible but must take into account the abundant potentially cross-reacting peptides
present in the placenta.Microsc. Res. Tech. 38:176–187, 1997. r 1997 Wiley-Liss, Inc.

INTRODUCTION
The last 15 years have witnessed an exponential rise

in the number of new peptides discovered. The first step
in investigation of a new molecule is tissue localization,
usually by paired studies of gene expression by in situ
hybridization and of translated peptide production by
immunohistochemical staining of light microscopic sec-
tions with avidin-biotin signal enhancement. These
techniques can be combined to increase assurance of
determining the specific cell of origin (Bugnon et al.,
1991). However, ultrastructural localization requires
electron microscopy (EM). Demonstration of the pres-
ence of peptide is not specific for local production but
might also represent binding to receptors or intracellu-
lar organelles or even nonspecific contamination from
blood. Although in situ hybridization can be done on
EM sections as a proof of gene expression (Morel, 1993),
not all genes are translated into proteins, so peptide
identification is still needed. As well, better preserva-
tion of fine structure is accomplished with peptide
localization by immunoelectron microscopy, subject to
these limitations of interpretation.
In this study, we compare several methods of embed-

ding and labeling in the detection of human chorionic
gonadotropin (hCG) and human placental lactogen
(hPL) in the placenta. We have previously demon-
strated specific secretory granules for these hormones
(Morrish et al., 1987, 1988), in contrast to prior work
suggesting that these hormones were not secreted by
exocytosis (reviewed by Morrish et al., 1987). In our
previous studies, we used LX-112 epoxy resin and could
detect hCG only in first-trimester placentas and low

levels of hPL labeling in term placenta. In the current
study, we have additionally used low-temperature em-
bedding in LR gold acrylic resin and paraformaldehyde
fixation to try to improve sensitivity of detection and
have given consideration to the presence of Fc receptors
in the placenta as a source of possible artefact. In the
context of this study, we offer a brief review of embed-
ding and immunolabeling methods as a background to
our studies of hCG and hPL.

HISTORY OF LABELING METHODS
Progress until 1986 has been admirably summarized

in a compendium of papers edited by Childs (1986), and
the reader is referred to this paper for more detail.
Historically, fluorescein-labeled antibody was devel-
oped first (Coons and Kaplan, 1950) but displays very
poor morphological localization and is less sensitive
than the peroxidase-antiperoxidase (PAP) procedure of
Sternberger et al. (1970), a major advance (Table 1).
Sensitivity is enhanced 8-40-fold by the use of avidin-
biotin complex (ABC) methods (Hsu et al., 1981). The
extremely high affinity of avidin for biotin and the
availability of reliable commercial kits has made this
the standard method. Although ABC methods provide
sensitivity, the reaction product using PAP can be hard
to distinguish against background cellular detail (see
Fig. 1). Themost successful solution to this problem has
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been the use of colloidal gold-labeled second antibody or
protein A-gold conjugates (which bind to the Fc portion
of the primary antibody). Colloidal gold was first intro-
duced to electron microscopy in 1971 (Faulk and Taylor,
1971) and the use of different sizes of gold particles for
double labeling of two antigens later (Larsson, 1979;
Tapia et al., 1983). Gold has become the electron-dense
marker of choice because of 1) the clear delineation of
labeled particles against background, 2) the possibility
of use in double labeling, 3) high resolution and sensitiv-
ity to a single 3-nm-diameter particle, 4) simplicity of
quantitation, and (5) ease of use.
Embedding media have also evolved (Table 2; New-

man and Hobot, 1987). Early use of waxes (Pease and
Baker, 1948) and ‘‘Parlodion’’ (Pease, 1963) was fol-
lowed by methacrylates (Newman et al., 1949), which
suffered from problems of shrinkage.Avariety of polyes-
ters (‘‘Vestopal W’’ to ‘‘Beetle’’; Table 2) was superseded
by epoxides (Araldite, Epon). However, these provide
suboptimal results for immunocytochemistry and ultra-
structure. The newest generation of media, Lowicryl,
LR white, and LR gold provide improved morphology
and immunostaining for a variety of fixatives (Newman
and Jasani, 1984; Bendayan et al., 1987). Low-tempera-
ture embedding with Lowicryl or LR gold has provided
an important method to preserve heat-sensitive pep-
tides (Bendayan, 1984b).
It has also been found that tissue penetration is

greatly improved by postembedding staining tech-
niques (Timms, 1986). Unfortunately, the best delinea-
tion of fine structure is obtained with osmium tetroxide,

which inhibits the antibody-antigen reaction and so
must be omitted. We have found that use of postembed-
ding with the above-mentioned resins nonetheless pre-
serves satisfactory structural detail.

CONTROL EXPERIMENTS AND SPECIAL
PROBLEMS OF THE PLACENTA IN
IMMUNOELECTRON MICROSCOPY

Possible artefacts of immunostaining and control
experiments to detect these have been well described
(Gosselin et al., 1986; van Leeuwen, 1986). In brief,
false-positive results can arise as a result of tissue
pseudoperoxidase, endoperoxidase, free radical groups,
hydrophobic and ionic interactions, lipids, natural anti-
bodies, and contaminating antibodies (van Leeuwen,
1986). Monoclonal antisera recognize very short pep-
tide regions and so may occasionally bind unrelated
peptides owing to sequence homologies (Gosselin et al.,
1986). Additional potential artefacts in the placenta are
isoforms of hormones, e.g., variant growth hormone
(GH-V; Hennen et al., 1985); gonadotropins of similar
structure, e.g., hCG or thyroid-stimulating hormone
(TSH); or antigenically similar molecules, e.g., recep-
tors for hPL, growth hormone, and prolactin (Freemark
and Comer, 1989; Freemark and Handwerger, 1986) Of
particular note is the abundance of Fc receptors in
trophoblast, whichmay bind polyclonal antisera (Bright
and Ockleford, 1994; Koyama et al., 1991). Although
monoclonal antibodies generally avoid this problem, it
is still prudent to adsorb sections with 10% heterolo-
gous serum or adequate IgG to occupy all Fc receptors.
False-negative results may occur owing to lack of
antibody penetration, steric hindrance, low-titer or
low-affinity antibody, or modification or loss of anti-
genic sites during fixation, dehydration, or embedding
(van Leeuwen, 1986). In the current studies, use of
low-temperature embedding resins avoids heat denatur-
ation. Tests of immunolabeling specificity include omis-
sion of primary antibody, incubation of sections directly
with protein A-gold complex omitting first antibody,
incubating with nonlabeled protein A after first anti-
body, incubating with excess IgG before protein A-gold,
adsorption with homologous antigen, and adsorption
with potential known heterologous antigens. Absolute
certainty of identification of a new peptide with mono-
clonal antibodies would ideally include studies using at
least two different antibodies generated to different
epitopes to guard against detection of closely homolo-
gous proteins. All these are done rarely, and this likely
accounts for the variability of results found in the
literature. The particular limitations of the protein
A-gold method and additional controls that can be
performed as summarized above have been discussed in
more detail elsewhere (Bendayan, 1984b).

MATERIALS AND METHODS
First-trimester human placentas and partial hydatidi-

formmoles were obtained from therapeutic abortions or
spontaneous miscarriages and term, normal human
placentas from spontaneous deliveries. Whole pieces of
placenta were removed and immediately placed either
in 2.5% glutaraldehyde in phosphate-buffered saline
(PBS; 0.05% phosphate, 0.9% NaCl, pH 7.2) for 1-2
hours or in 2.5% paraformaldehyde in PBS. Tissue was
then processed for protein A-gold avidin-biotin complex

TABLE 1. History of immunocytochemical methods1

Fluorescein Coons and Kaplan, 1950
Ferritin-labeled antibody Singer, 1959
Direct/indirect-labeled antibody Nakane and Pierce, 1966
Unlabeled antibody-enzyme bridge Mason et al., 1969
Peroxidase-antiperoxidase (PAP) Sternberger et al., 1970
Immunogold Faulk and Taylor, 1971;

DeMey, 1983
Double-labeled immunogold Larsson, 1979; Tapia et al., 1983
Peroxidase-labeled protein A Dubois-Dalcq et al., 1977
Protein A-gold Romano and Romano, 1977
Avidin-biotin Guesdon et al., 1979
Protein A-gold double labeling Bendayan, 1982
Avidin-biotin-PAP Childs and Unabia, 1982;

Childs et al., 1986
Avidin-biotin-gold Childs et al., 1986
1Modified from Hisano et al. (1986).

TABLE 2. Embedding resins1

Waxes Pease and Baker, 1948
Parlodion Pease, 1963
Butyl methacrylate Newman et al., 1949
Vestopal W Kellenberger et al., 1956
Rigolac Kushida, 1960
Selecton Low and Clevenger, 1962
Beetle Rampley and Morris, 1972
Epoxides Maaloe and Birch-Andersen, 1956
Araldite Glauert and Glauert, 1958
Epon Luft, 1961
Spurr resin Spurr, 1969
Low-temperature embedding
(Lowicryl)

Carlemalm et al., 1982; Bendayan,
1984a

LR white, postembedding Newman et al., 1983; Timms and
Campbell, 1985; Timms, 1986

LR gold (low temperature)
1Reviewed by Newman and Hobot (1987).
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(ABC) staining by two methods. The first was embed-
ding in Araldite or LX-112 epoxy resin as previously
described (Childs and Unabia, 1982; Morrish et al.,
1987, 1988). Briefly, thin sections were collected on
nickel grids and pretreated on drops of saturated
aqueous sodium metaperiodate for 30 minutes, washed
with distilled water, placed on drops of 0.1% BSA-PBS
for 5 minutes, rinsed, blotted, and placed on drops of
antiserum for 60 minutes. The grids were washed with
PBS-0.1% bovine serum albumin (BSA) and distilled
water and dried. Finally, the grids were sequentially
stained with uranyl acetate for 5 minutes and lead
citrate for 1 minute. ABC components were obtained in
kit form (Vectastain ABC kits; Vector Laboratories,
Burlingame, CA) and staining following themanufactur-
er’s instructions with 15 nm or 20 nm protein A-gold
(SDI Supplies, Toronto, Ontario, Canada) or peroxidase
substrate (diaminobenzidine; Sigma Chemical Co., St.
Louis, MO) as described elsewhere (Morrish et al.,
1987). The second technique was embedding in LR gold
(Polysciences, Warrington, PA), according to the manu-
facturer’s instructions. In brief, tissues were washed in
PBS and dehydrated in 50% ethanol at 0°C, 70%
ethanol at -20°C, and 90% ethanol at -20°C for 45
minutes each, followed by LR gold 1:1 in ethanol at
-20°C, LR old 7:3 in ethanol at -20°C, LR gold (100%) at
-20°C for 60 minutes each followed by LR gold (100%)
at -20°C overnight. Next, LR gold plus initiator (0.5%
benzoin methyl ether) was applied at -20°C twice for 60
minutes each followed by LR gold plus initiator at -20°C
overnight. Tissue was transferred to a gelatin embed-
ding capsule with fresh LR gold and initiator and
polymerized under ultraviolet light (366 nm) for 24
hours at -20°C. Labeling of these sections was per-
formed the same as for LX-112-embedded sections
using 15 nm protein A-gold, except that LR gold sec-
tions were not etched with sodiummetaperiodate.
Control studies performed with LX-112 epoxy sec-

tions were adsorption of sections with 1% goat serum
prior to staining, omission of primary antibody, and
extensive adsorption of the antisera used to avoid
potential cross reactions with structurally similar pep-
tides. Antisera adsorbed with excess hormone (hCG or
hPL) were also used as negative controls. In studies
using LR gold, sections were preadsorbed with an
increased concentration of 10% goat serum for 60
minutes to block Fc receptor sites. As was previously
reported (Morrish et al., 1987, 1988), the hCG poly-
clonal antiserum was adsorbed with ahCG, luteinizing
hormone (LH), TSH, follicle-stimulating hormone (FSH),
bLH, bTSH, and bFSH. Monoclonal bhCG antiserum
was used in the previous study, but, because the results
were similar to those obtained with the polyclonal
antibody, only the latter were used in this study. hPL
antiserum was adsorbed with growth hormone (GH) as
previously reported (Morrish et al., 1988). Microscopy
was performed on a Hitachi 7000 electron microscope.

RESULTS
Glutaraldehyde-Fixed Tissues

Figure 1 shows ABC-DAB sections stained for bhCG
on LX-112 epoxy resin. Although staining is clear and
intense, its extent is indefinite; staining is difficult to
distinguish from structural elements. Use of protein
A-gold permits clear localization of reaction product

(Fig. 2) in both normal, term placenta and a partial
hydatidiform mole. Protein-A gold staining for hPL on
LX-112 epoxy sections gave definite but sparse labeling
(Fig. 3). However, with use of LR gold low-temperature
embedding and the same antiserum, hPL labeling
shows markedly increased numbers of gold particles
(Fig. 4A). Preadsorption with 10% goat serum to block
Fc receptors does not alter the results except for
slightly higher background, indicating that staining
was specific for hPL. bhCG staining was not seen in
term placental sections embedded using either LR gold
(Fig. 5A) or epoxy LX-112 resins (data not shown),
although it was seen in first-trimester sections (Fig. 1).

Paraformaldehyde-Fixed Tissues
Studies were also performed on placentae fixed in

2.5% paraformaldehyde and embedded in LR gold or
Araldite. This fixation method resulted in slightly less
well preserved ultrastructural detail compared to glu-
taraldehyde-fixed tissue regardless of embedding me-
dium. Although paraformaldehyde improves detection
of some antigens (Gosselin et al., 1986), it still did not
allow detection of bhCG (Fig. 5B). However, the use of
paraformaldehyde did permit detection of additional
nongranule-associated labeling of cisternae of rough
endoplasmic reticulum on LR gold-embedded tissues
(Fig. 6). This combination of fixationmethod and embed-
ding material, among those tested, produced the maxi-
mal sensitivity for detection of hPL. Paraformaldehyde-
fixed tissues embedded in Araldite showed fewer gold
particles than LR gold-embedded tissues and were
comparable to LX-112-embedded tissues or LR gold-
embedded, glutaraldehyde-fixed tissues (Fig. 7).

DISCUSSION
These data demonstrate localization of hCG and hPL

to granules in the syncytiotrophoblast. No staining was
seen in the cytotrophoblast. Though the larger bhCG-
containing granule complexes may be lysosomal degra-
dation depots, either unused hormone or hormone-
receptor complexes (Reshef et al., 1990), the presence of
exocytosis in small granules indicates that separate
secretion granules likely exist (Morrish et al., 1987; Fig.
2A). Although low-temperature embedding using LR
gold improved hPL labeling, it still did not permit
identification of hCG staining in term placental sec-
tions (Fig. 5). Because bhCG subunit decreases toward
term (Chatterjee andMunro, 1977), only small amounts
of b-subunit are expected, whereas hCG increases
during gestation and accounts for intense staining by
intact hCG antibody. The partial hydatidiform mole
demonstrated staining for bhCG similar to that seen in
normal first-trimester placenta. Electron microscopic
immunolabeling of bhCG has not previously been re-
ported for partial moles. In prior studies, we showed
that partial moles had blunted secretagogue responses
to epidermal growth factor (EGF) and cyclic adenosine
monophosphate (cAMP; Morrish et al., 1992), suggest-
ing that the defect does not lie in stored quantities of
the hormone. hPL showed increased numbers of gold
particles with use of LR gold, demonstrating that this
method enhances sensitivity of detection. Control experi-
ments with adsorbed antibody, adsorption of sections
with 10% goat serum to block Fc receptors, and exten-
sively adsorbed antiserum indicate that the results are
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specific for bhCG and hPL. Ten percent goat serum
increased nonspecific background slightly but did not
impair identification of specific granule labeling.
hCG and hPL are abundant in placenta. However,

these studies indicate that sensitivity of detection can
be improved by low-temperature embedding. Theoreti-
cally, the best resolution using immunogold methods is
about 15 nm, based on the diameter of the IgG mol-
ecule, the size of the proteinAmolecule, and the use of 3
nm gold particles (Roth, 1982). Sensitivity can be
improved further by using silver-enhanced 1 nm gold
particles (Shimizu et al., 1992) owing to the increased
density of particles (Yokota, 1988). It has been demon-
strated that 10 nm or larger gold particles do not
penetrate at all but attach only to the surface of
sectioned cell organelles (Bendayan et al., 1987); how-
ever, it is unknown how far gold particles less than 10
nm penetrate into sections as a contributing factor to
this sensitivity. Theoretical calculations also suggest
that for Lowicryl, and perhaps analogously for other
resins, labeling efficiency falls far short of predicted
levels, leaving room for improvement in the future
(Kellenberger et al., 1987).
Because paraformaldehyde is reported to improve

preservation of some antigens (Gosselin et al., 1986),
we compared this fixative with glutaraldehyde in LR
gold- andAraldite-embedded tissues. The paraformalde-

hyde did increase detection of hPL, demonstrating
more gold particles in granules (Fig. 6) and the appear-
ance of specific syncytial (but not cytotrophoblast)
labeling of cisternae of the endoplasmic reticulum. This
localization site presumably reflects newly synthesized
hPL not yet packaged in morphologically recognizable
granules. This finding was not seen in glutaraldehyde-
fixed tissue (Fig. 4). No other electron microscopic
localization studies of hPL have been done for compari-
son. However, an analogous finding of labeling of cister-
nae of endoplasmic reticulum with hCG was noted by
Hamanaka et al. (1971) and Dreskin et al. (1970).
Despite the increase in sensitivity of detection, we still
did not observe any specific labeling of term placenta
with hCG (Fig. 5B). Thus, the maximally sensitive
preservation method for hPL appears to be paraformal-
dehyde-fixed tissue embedded in LR gold.
The identity of the granules cannot be definitively

proved by these studies. Insofar as both hCG and hPL
receptors have been demonstrated in placenta (Free-
mark and Comer, 1989; Freemark and Handwerger,
1986; Reshef et al., 1990), the labeling may represent
endocytosed hormone-receptor complexes or secretory
granules. Knowledge of these receptors was not avail-
able at the time of our prior studies in 1987. However,
the current studies exclude antibody binding to Fc
receptors as an artefact. It is of note that the use of 10%

Fig. 1. A: First-trimester placenta fixed in 2.5% glutaraldehyde and showing granules labeled with
bhCG-ABC-peroxidase using polyclonal bhCG antiserum (1/10,000) on LX-112 epoxy sections (arrows).
B: Control. Primary antibody was omitted. 324,000.
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Fig. 2. A: First-trimester placenta fixed in 2.5% glutaraldehyde showing granules during exocytosis
labeled with bhCG-ABC-protein A-gold using polyclonal bhCG antiserum (1/1,000) on LX-112 epoxy
sections (arrows). Definition is better than with peroxidase. B: Partial hydatidiform mole stained as in A.
Similar bhCG-containing granules are present; 1/500 bhCG antibody (arrows). 324,000.



Fig. 3. A,B: Term human placenta fixed in 2.5% glutaraldehyde and stained with hPL-ABC-protein
A-gold on LX-112 epoxy sections showing sparse but definite gold particles over cytoplasmic granules
(arrows); 1/500 hPL antibody. 337,500 (A); 324,000 (B).



Fig. 4. A: Term placenta fixed in 2.5% glutaraldehyde and stained
with hPL-ABC-proteinA-gold on LR gold-embedded sections. Sections
preabsorbed with 0.1% BSA. Low-power section showing multiple
electron-dense granules labeled with gold (arrows). B: Higher power
view of similar sections showing specifically labeled granules (arrows).

Increased gold particle density can be noted compared to that seen in
Figure 3. Sections preabsorbed with 0.1% BSA. C: Sections were
preabsorbed with 10% goat serum to block Fc receptors. Similar
staining is seen (arrow), with a slight increase in background.325,000
(A); 337,500 (B); 330,000 (C).



goat serum to saturate Fc receptors ensures specificity
of antibody-antigen binding, but at the expense of
increased background. We also found that the goat
serum could be used only in glutaraldehyde-fixed tis-
sues; paraformaldehyde-fixed tissues produced unac-
ceptably high background (data not shown).
No other immunoelectron microscopic studies of hPL

staining have been performed other than ours (Morrish
et al., 1988). However, three other studies of normal
placenta have examined immunoelectron microscopic
localization of hCG (Dreskin et al., 1970; Hamanaka et
al., 1971; Okudaira et al., 1971). Interestingly, the
earlier findings parallel those we observed for hPL.
Differences in results for hCG detection likely relate to
different methodologies, which deserve comment in the
context of this work. All three earlier groups used
unadsorbed, intact hCG antibody, whereas we used
highly adsorbed bhCG antibody. Thus, it seems likely
that demonstration of hCG staining by Dreskin et al.
(1970) in term placenta would be due to detection of
intact hCG or ahCG subunit, which increases during
gestation (Chatterjee and Munro, 1977). We could not
demonstrate bhCG staining in term placenta, likely

owing to the decline in production of this subunit
during gestation. Dreskin et al. (1970) and Okudaira
et al. (1971) demonstrated staining of cisternae of
endoplasmic reticulum. Okudaira et al. (1971) and
Hamanaka et al. (1971) also demonstrated staining of
small vesicles or vacuoles at the apical syncytial surface
of first- and midtrimester placentae. With first-trimes-
ter placentae, we found positive bhCG staining of free
cytoplasmic granules as well as vacuoles near the
surface (Morrish et al., 1987, 1988). Interestingly, Dre-
skin et al. (1970) also found some small cytoplasmic
granules staining for hCG but discounted the results
because not all granules of similar morphology were
stained. Differences in tissue preparation technique
may also have contributed to the variance in results.
Okudaira et al. and Hamanaka et al. used 0.5% glutar-
aldehyde-2% formalin-fixed frozen sections, and Dre-
skin et al. used picric acid-formalin-fixed frozen sec-
tions. It is unclear why these methods would allow
detection of endoplasmic reticulum staining but not
abundant cytoplasmic granules, whereas we obtained
the opposite pattern of localization. No other studies
have examined partial hydatidiform moles. One study

Fig. 5. A: Term placenta fixed in 2.5% glutaraldehyde and stained with bhCG-ABC-protein A-gold on
tissue embedded in LR gold. No specific reaction product is seen. B: Term placenta fixed in 2.5% para-
formaldehyde and stained with bhCG-ABC-protein A-gold on tissue embedded in LR gold. No specific
reaction product is seen. Ultrastructural detail is slightly less well preserved than inA. 325,000.
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Fig. 6. A,B: Different sections of term placenta fixed in 2.5%
paraformaldehyde, embedded in LR gold, and stained with hPL-ABC-
protein A-gold. Specific reaction product is seen mainly over cytoplas-
mic granules in the syncytium (S; arrows). However, some gold

particles are not associated with granules and appear to be in
cisternae of endoplasmic reticulum (ER; arrows). No staining is seen
in the cytotrophoblast (C), implying that ER labeling is likely specific.
325,000.



Fig. 7. A,B: Term placenta fixed in 2.5% paraformaldehyde, embedded in Araldite, and stained with
hPL-ABC-proteinA-gold. Reaction product is seen only over cytoplasmic granules (arrows) and is sparser
than with paraformaldehyde-LR gold (Fig. 6) or with glutaraldehyde-LR gold (Fig. 4). Gold particles are
not seen in association with endoplasmic reticulum. 325,000.



of BeWo choriocarcinoma cells fixed in 2% glutaralde-
hyde-picric acid-formaldehyde and embedded in Spurr
resin found immunoelectron microscopic staining for
bhCG on rough endoplasmic reticulum and the apical
cell surface but no detectable labeled granules (Yorde et
al., 1979), indicating similarity to normal placenta.
The current data also indicate acceptable ultrastruc-

ture preservation with LR gold, somewhat better than
that with LX-112 resin or Araldite. LR gold and LR
white have similar morphological preservation (Ben-
dayan et al., 1987), but LR gold has the advantage of
low-temperature stabilization of antigens.
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