
SUMMARY

Periodate-lysine-paraformaldehyde (PLP) has
been proposed as a fixative for glycoprotein anti-
gens which should stabilize periodate oxidized
polysaccharide chains through lysine mediated
crosslinks, either directly or by the intermediation
of formaldehyde. In spite of premises and attempts
reported in the literature, this fixative has never
become popular for the study of membrane anti-
gens of immune system cells, which leads to doubts
on its real efficacy. We have addressed this issue in
biopsies of human skin and found that PLP fol-
lowed by cryoprotection with 30% sucrose and
cryosectioning, or PLP fixation of isolated epider-
mal sheets, consistently provided for good preser-
vation of morphology and intense labeling of major
histocompatibility complex class II molecules,
CD1a, CD4, CD8, E-cadherin, cytokeratins in gen-
eral, cytokeratin-18 in particular, and bromo-
deoxyuridine, incorporated by cycling cells in vit-
ro, and for the demonstration of tyrosinase enzyme
activity. PLP-fixed, osmicated and epon-embedded
epidermal sheets proved as good as sheets fixed
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with a mixture of formaldehyde and glutaralde-
hyde for electron microscopic morphological
analysis. Also, these sheets were amenable to
immunoperoxidase staining of Langerhans cell
membrane antigen CD1a and keratinocyte mem-
brane antigen E-cadherin before being osmicated
and prepared for electron microscopy. In a parallel
paper, we had also shown that oral mucosa biop-
sies fixed in PLP showed good morphology and
immunolabeling of CD54, CD80, CD83 and
CD86. Therefore, we conclude that PLP can be
proposed as a multi-task fixative for light and elec-
tron microscopic analysis of membrane, cytoplas-
mic and nuclear antigens of immune system cells
and keratinocytes.

INTRODUCTION

The skin is a barrier between the body interior
and the external environment and represents a first
line of defense against possible pathogens.
It embodies a local immune system which includes

several cell types: CD4- and CD8-positive T lym-
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phocytes, mastocytes, macrophages and epidermal
and dermal dendritic cells (Streilein, 1983, 1993).
The epidermis hosts a peculiar type of dendritic cell,
i.e. Langerhans cells, characterized by specific inclu-
sions named Birbeck granules (Birbeck et al., 1961).
In the epithelia of humans, only Langerhans cells
express CD1a antigens (Melian et al., 1996). These
cells can play different roles to generate and main-
tain immunological and inflammatory reactions
(Streilein, 1983; Bos et al., 1987; Abbas, 1994). Dur-
ing inflammation, the members of the local immune
system increase in number, and many of them
express antigens correlated with activation.
Morphological analysis is mandatory to study

these cells in their spatial relationships. Electron
microscopy allows to identify the cells on the basis
of their morphological characteristics and to ana-
lyze their exact localization and relations to other
cells and extracellular structures, e.g. basement
membranes. The analysis of organelles also gives
indications about the functional activity of cells.
Immunohistochemistry allows to identify many
kinds of local immune system cells and their dif-
ferentiation stage on the basis of membrane anti-
gens specifically expressed. Some of these mole-
cules are correlated with the functional activity of
the immune system, since they stabilize the adhe-
sion between dendritic cells and lymphocytes, and
stimulate these latter cells during immune respons-
es. All membrane antigens relevant to immune
system cell characterization and function are gly-
coproteins (Abbas, 1994).
Keratinocytes are the principal cell population of

epidermis; they interact with local immune system
cells to control the differentiation state and function
of the latter (Pieri et al., 2001). Keratinocytes are
generated by local stem cells (Jones et al., 1997),
from which also Merkel cells derive. The latter
express cytokeratins and are connected with ker-
atinocytes by desmosomes, but do not became
engaged in the differentiation process leading to ker-
atinization (Moll et al., 1984; Lewis et al., 1994).
Simultaneous analysis of the morphological and

immunohistochemical characteristics of all cell
populations of skin, and of local immune system
cells in particular, is hampered by technical diffi -
culties; granting for a nice preservation of both
morphological and immune reactivity at the
moment of fixation is an especially hard task. Fix-
ation is a crucial step during histological prepara-
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tion because it stabilizes and preserves the tissue
structures as faithfully as possible, but reaches this
goal through denaturation of proteins that repre-
sent most of the tissue antigens and can lose their
antigenicity by denaturation. This explains why
many efforts have been devoted to devising new
fixation methods able to preserve localization and
antigenicity of molecules together with good tis-
sue and cell morphology.
An interesting proposal has been the PLPfixative,

which is based on a mixture of paraformaldehyde,
lysine and periodate (McLean and Nakane, 1974)
and is considered to be especially efficient for the
fixation of glycoconjugate molecules.
Paraformaldehyde is not active as such, but once
transformed into formaldehyde it can cross-link
amino groups (Gabe, 1976); transformation into
formaldehyde is obtained by heating and alkalin-
ization before use. Lysine and periodate, on the
contrary, do not need to be modified to be active. To
explain the action of this mixture, it has been pro-
posed that carbohydrate moieties in tissues are oxi-
dized by periodate to form aldheyde groups; lysine,
a divalent amine, then cross-links carbohydrate-
containing molecules by reacting with these alde-
hyde groups (McLean and Nakane, 1974). Accord-
ing to some authors, formaldehyde is added to
achieve stabilization of proteins and lipids (Kallen
and Jenecks, 1966), while according to other
authors, there is an interaction between formalde-
hyde and lysine linked to oxidized carbohydrate
molecules that explains the fixative efficiency of
this mixture (Hixson et al., 1981).
A Medline search (paraformaldehyde - periodate -

lysine from 1973 to January 2002) has brought out
that PLPhas been used as a fixative in eleven papers
from 1974 to 1980, in 98 from 1981 to 1990, in 62
from 1991 to 2000, and in 4 papers in 2001. The
vast majority of papers deals with immunohisto-
chemistry of cell and interstitial antigens; a few
papers (8) deal with lectin histochemistry, enzyme
histochemistry (12 papers) and nucleic acid
hybridization histochemistry (6 papers). Nineteen
papers are aimed at detecting surface antigens of
immune system cells by light or electron
microscopy. In these latter studies, PLPhas been
credited for preservation of several cell surface anti-
gens of the mouse (Parr et al., 1980; van Ewijk et
al., 1980; Gendelman et al., 1983; Whiteland et al.,
1995), rat (Ruan et al., 1994; Whiteland et al., 1995;
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Allaerts et al., 1996) and humans (Hancock et al.,
1982; Collings et al., 1984; Dienes et al., 1984; van
Duinen et al., 1984; Chiba et al., 1986; Holgate et
al., 1986; Hall et al., 1987; Pollard et al., 1987;
Kadin et al., 1988; Agnarsson and Kadin, 1989;
Drach et al., 1989; Yano et al., 1990; Oka et al.,
1993; Ahmed et al., 2001), following different
preparatory techniques: dissociated cells, cryosec-
tions, paraffin sections, pre-embedding immuno-
electron microscopy and flow cytometry. It is note-
worthy that all but one studies on human cells date
back to 1990 or earlier; taking also animal studies
into account, only five papers on membrane antigens
of immune system cells upon PLPfixation seem to
have been published after 1990.
Therefore, in spite of apparently excellent cre-

dentials and application to many studies during the
1980s, PLPhas not enjoyed generalized use, and
this raises the suspicion that getting good results
regularly may be more difficult than what can be
imagined from published reports. To address this
issue, we have evaluated PLPas a fixative for both
detailed morphological and immunohistochemical
analysis of cell populations of the skin, with spe-
cial regard to immune system cells, keratinocytes
and related (i.e., Merkel) cells.

MATERIAL AND METHODS

Reagents
Albumin (bovine), 5-bromo-2’-deoxyuridine

(BrdU), dihydroxyphenylalanine (DOPA), glucose,
L-lysine, poly-L-lysine, potassium chloride, sodium
chloride and tablets containing diaminobenzidine
plus urea stabilized hydrogen peroxide plus Tris
buffer, penicillin and streptomycin were from Sigma
(Milano, Italia); disodium hydrogen phosphate,
dihydrate, was from Riedel de Haen (Seelze, Ger-
many); EDTA, disodium salt, and paraformaldehyde
were from BDH (Poole, UK); Dulbecco’s Modified
Eagle’s Medium (D-MEM) and fetal calf serum
(FCS) were from Seromed (Berlin, Germany); colla-
gen disks were from ICN (Costa Mesa, California);
sodium dihydrogen phosphate, monohydrate, and
sodium metaperiodate were from Farmitalia/Carlo
Erba; glutaraldehyde and osmium tetroxide were
from Electron Microscopy Sciences (Ft. Washing-
ton, PA); sodium cacodylate was from Fluka (Buchs,
Switzerland). Embedding medium for cryosection-
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ing was from Bio-Optica (Milano, Italia);
Gel/Mount for mounting fluorescent slides was
from Biomeda (Foster City, CA). Phosphate
buffered saline, 0.1 mol/L, pH 7.4, (PBS) was made
up of 136.9 mmol/LNaCl, 2.7 mmol/LKCl, 8.1
mmol/L Na2HPO4.2H2O, 1.7 mmol/L NaH2P-
O4.H2O. Antibody dilutions and sources were as fol-
lows: monoclonal against major histocompatibility
complex - class II molecules (MHC-II; 1:150) was
from Ancell (Bayport, MN); against CD1a (1:50),
from Harlan/Sera-Lab (Crawley Down, UK);
against CD4 (1:50) and CD8 (1:50), from Sigma; a
monoclonal against all cytokeratin molecules (1:25)
was from Chemicon (Temecula, California); one
against cytokeratin-18 (Clone RGE 53; 1:10) was
from ICN (Milano, Italia); one against E-cadherin
(1:1000) was from Takara (Otsu, Shiga, Japan); one
against BrdU (1:200) was from Janssen-Cilag
(Beerse, Belgium). Unlabeled and fluorescein isoth-
iocyanate-labeled goat antimouse secondary anti-
bodies (1:50) and mouse peroxidase-antiperoxidase
complex (monoclonal; 1:500) were from Sigma.
Paraformaldehyde-lysine-periodate (PLP) fixa-

tive was prepared by mixing immediately before
use equal volumes of 8% (w/v) paraformaldehyde
in bidistilled water and 0.04 mol/Llysine in twice
concentrated (i.e., 0.2 mol/L) PBS and adding
0.55 g/LNaIO4.

Tissue sampling and fixation
Biopsies of clinically normal abdominal and

breast skin were obtained at plastic surgery, in
accordance with the Italian law and the principles
of the Helsinki declaration. Part of the specimens
was cut into small blocks (less than 2 mm as small-
est diameter) which were either immediately
embedded in medium for cryosectioning, frozen at
-80°C and cryosectioned, or fixed with PLPfor 30,
60 or 120 min at room temperature, soaked in 30%
(w/v) glucose at 4°C as cryoprotectant, embedded
in medium for cryosectioning, frozen at -80°C and
cryosectioned. Cryosections were placed on
polylysine-coated slides and dried in air; those
from unfixed frozen specimens were fixed with
acetone for 5 min at 4°C or with PLPfor 5, 10, 20,
60, 120 or 240 min at room temperature. All
cryosections were stored at -20°C until labeled for
immunohistochemistry. Alternatively, thin slices
were cut from skin biopsies with a keratome and
either cultured to label cycling cells, as specifed
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below, or directly incubated one to two hours in 20
mmol/LEDTA in PBS, at 37°C. The epidermis was
then separated from the dermis by gentle traction
and immediately divided into two portions that
were immersion-fixed with acetone and PLP,
respectively. Fixation in acetone was protracted for
5 min at 4°C, fixation in PLPwas protracted for 5,
10 or 20 min at room temperature. Epidermal
sheets were then stored in PBS at 4°C until labeled
for immunohistochemistry. Skin sections and some
epidermal sheets were labeled by indirect immuno-
fluorescence for MHC-II and CD1a (characteristic
of Langerhans cells in the epidermis), all cytoker-
atins together and E-cadherin (characteristic of ker-
atinocytes), cytokeratin-18 (characteristic of
Merkel cells), CD4 (characteristic of helper T lym-
phocytes) and CD8 (characteristic of cytotoxic-
suppressor T lymphocytes). Other sheets were
labeled by pre-embedding indirect immunoperoxi-
dase for CD1a and E-cadherin and analyzed by
electron microscopy (see below). On the basis of
the results obtained by fluorescence microscopy
(see results section), the sheets used for pre-embed-
ding immunoelectron microscopy were fixed in
PLP 20 min. To visualise melanocytes, an enzy-
matic test for DOPA-oxidase (Gomori, 1952) was
used on epidermal sheets fixed in PLPfor 20 min,
as detailed below.

Labeling of cycling cells
Some skin slices, obtained from biopsies with a

keratome, were placed on collagen disks that were
soaked with D-MEM (with 1.0 g/LD-Glucose, 3.7
g/L NaHCO3 and 1.0289 g/LN-acetyl-L-alanyl-L-
glutamine), supplemented with penicillin (100
IU/mL) and streptomycin (100 mg/mL), and incu-
bated in a humidified chamber at 37°C, in air with
5% CO2 (Forma Scientific, INC incubator, Ohio,
USA). After 42 h, the medium was replaced with a
fresh one containing 3 mg/mL BrdU. Control spec-
imens were incubated in medium without BrdU.
After 6 h, the skin slices were washed with PBS
and transfered to EDTA solution to isolate the epi-
dermis: epidermal sheets were isolated, fixed and
stored as detailed above.
To tag with specific antibodies the cells that had

incorporated BrdU, epidermal sheets were first
subjected to controlled proteolysis with 0.1% (w/v)
trypsin in 50 mmol/LTris-HCl buffer, pH 7.4, con-
taining 0.1% (w/v) CaCl2, for 30 min at 37°C. After
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washing in PBS, histones were removed by 0.1
mol/L HCl for 10 min at room temperature, then
DNA was denatured and purines were removed
with 2 mol/L HCl for 30 min at 37°C. Hydrolysis
was blocked with 100 mmol/LTris-HCl buffer, pH
8.7, for 10 min at room temperature, followed by
100 mmol/LTris-HCl buffer, pH 7.4, for 10 min at
room temperature (adapted from Lacy et al.,
1991). The slices were then processed as described
below for immunohistochemistry.

Immunohistochemistry
Thawed sections and epidermal sheets were

soaked in PBS, blocked with 1% (w/v) albumin in
PBS. Triton X-100 (3%) was added to the block-
ing bath of sheets to be labelled for cytokeratins.
The sheets were then labeled with primary anti-
bodies for 90 min at 37°C, followed by either flu-
orescent secondary antibodies for 60 min at 37°C,
or by unlabeled secondary antibodies and mouse
peroxidase-antiperoxidase complex, each for 60
min at 37°C. Antibodies were diluted as indicated
in the reagents section with 0.1% (w/v) albumin in
PBS. All preparations for fluorescent microscopy
were mounted wet with Gel/Mount and observed
in a Zeiss (Oberkochen, Germany) Axioskop
microscope equipped for epifluorescence; epider-
mal sheets were also observed in an MRC-1024
laser scanning fluorescence microscope (Bio-Rad,
Hemel Hempstead, UK). Epidermal sheets labeled
with peroxidase were subjected to revelation of
the enzyme with diaminobenzidine (0.7 mg/mL)
and urea hydrogen peroxide (1.6 mg/mL) in 0.06
mol/L Tris buffer, pH 7.6, and then prepared for
electron microscopy. Omission of primary anti-
body was used as control for immunohistochemi-
cal reactions.

Detection of tyrosinase activity 
Some epidermal sheets were fixed in PLPfor 20

min and incubated in a freshly prepared solution
of 0.05% DOPA in PBS with 2.5% (w/v) sucrose,
overnight at 4°C followed by 2 h at 37°C, washed
in PBS and mounted wet with Gel/Mount.

Electron microscopy
Some PLP-fixed epidermal sheets, either unla-

beled or immunolabeled for CD1a and E-cadherin
as described above, were osmicated and embed-
ded in Epon 812 for electron microscopic analy-
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sis. By comparison, some sheets were fixed with
2% (w/v) formaldehyde and 2.5% (w/v) glu-
taraldehyde in 0.1 mol/l cacodylate buffer, pH 7.4,
osmicated and embedded in Epon. One micron-
thick sections were observed unstaind by light
microscopy and about 70 nm-thick sections were
observed in a Jeol (Tokyo, Japan) 1010 electron
microscope, at 80 kV, either unstained or upon
staining with uranium and lead salts.

RESULTS

Immunohistochemistry of acetone fixed speci-
mens
This method, which is used as the gold standard

for immunohistochemistry, allowed for good label-
ing of reactive cells with all antibodies tested, as
expected. Tissue morphology was good in cases of
epidermal sheets, not so good in cases of skin and
gingival sections, where distortion and fissuring of
tissues were sometimes observed. At laser scanning
microscopy of epidermal sheets, labeling for MHC-
II and CD1a was evident not only at the surface of
epidermal dendritic cells (i.e., Langerhans cells),
but also in intracytoplasmic vesicles, which tended
to fuse together where they were more numerous,
i.e. in the paranuclear region of the cytoplasm.

Immuno– and enzyme histochemistry of PLP
fixed specimens
Fixation of tissue blocks of skin in PLPat room

temperature, followed by cryoprotection and
cryosectioning, gave good results for both immuno-
histochemistry and morphology. All antigens tested
could be revealed; immunostaining was intense
upon 30 and 60 min of fixation, but faint upon 120
min of fixation. Tissue morphology was far better in
these specimens than in cryosections of previously
unfixed specimens; preservation was better with 60
or 120 min than with 30 min of fixation (Fig. 1). All
control specimens resulted unlabeled. 
Fixation in cold PLPof cryosections from previ-

ously unfixed skin specimens provided results
similar to acetone fixation if PLPwas used for 5
min. For longer fixation times, the immunostain-
ing was progressively less intense and was not pre-
sent at all upon 4 h of fixation. The use of PLPon
cryosections gave no advantage on acetone in
regard to morphology. 
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Epidermal sheets fixed for 20 min were best pre-
served. In these specimens, the results matched
those in acetone-fixed sheets, with intense staining
with all antibodies tested. Langerhans cells
observed at fluorescence microscopy were stained
intensely for MHC-II and CD1a, and at laser scan-
ning microscopy, these cells showed labeling both at
the cell surface and intracytoplasmatic vesicles (Fig.
2), which appeared better discriminated then upon
acetone fixation. Lymphocytes could be immunola-
beled for either CD4 or CD8 (Fig. 3); these cells
were few, as expected in normal epidermis. Ker-
atinocytes fixed in PLPand labeled for E-cadherin
and for cytokeratin with a pan-cytokeratin antibody

Fig. 1 -Cryosections of whole skin fixed with PLPfor 1 h and
cryoprotected before freezing allowed for intense labeling of
membrane antigens of immune system cells and good preser-
vation of tissue morphology. Upper and lower panels on the
left show, respectively, immunfluorescence for CD1a (specif-
ic of Langerhans cells) and MHC-II (specific of Langerhans
cells in the epidermis and of dendritic macrophages in the der-
mis). Panels on the right show the same fields by phase con-
trast microscopy. x 350.
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(Fig. 4), showed intense labeling at fluorescence
microscopy in all cell layers . Acetone fixation did
not allow to label adequately the basal cell layer with
pan-cytokeratin antibody. Analysis by laser scanning
fluorescence microscopy allowed to recognize E-
cadherin labeling all around suprabasal ker-
atinocytes and, on the contrary, only on those sur-
faces of basal keratinocytes that faced neighboring
cells. Upon labeling for cytokeratin-18 and analysis
by laser scanning fluorescence microscopy, Merkel
cells appeared as roundish cells, some with short cell
projections (Fig. 4).
The nuclei of cycling cells that had incorporated

BrdU were labelled intensely by specific antibod-
ies; chromosomes were neatly shown in cells that
had already entered mitosis at the moment of fixa-
tion (Fig. 5).
The cytochemical detection of tyrosinase allowed

to label melanocytes for light microscopy in limit-
ed areas of sheets, where melanocytes appeared
evenly scattered within epidermis (Fig. 5).
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Electron microscopy and immunoelectron
microscopy
Fixation of epidermal sheets in PLPwithout osmi-

cation gave very poor results. The cells appeared
shrunken, the surface and inner membranes were
not preserved, only tonofilaments could be recog-
nized easily. On the contrary, fixation of sheets in
PLP for 20 min followed by osmication provided
results comparable with those of Karnovsky’s fixa-
tion and osmication for both the general shape and
inner details of the different cell layers, including

Fig. 2 -The labeling of Langerhans cells for CD1a (left pan-
el) and MHC-II (right panel) in sheets fixed with PLPcould
be analyzed in detail by laser scanning fluorescence
microscopy. Besides membrane labeling, small, antigen-
loaded, cytoplasmic vesicles could be resolved near the nucle-
us and in dendrites. x 800.

Fig. 3 -A few CD4 (left panel) and CD8 (right panel) positive
lymphocytes were labeled by immunofluorescence whithin
epidermal sheets upon PLPfixation. x350.

Fig. 4 - Keratinocytes within PLP-fixed epidermal sheets
could be labeled by a monoclonal to E-cadherin (upper left
panel; laser scanning microscopy) and by one recognizing a
common epitope of all cytokeratin molecules (upper right
panel; conventional fluorescence microscopy). E-cadherin
was visible on cell surfaces facing other keratinocytes but not
basement membrane. Merkel cells could be labeled by a mon-
oclonal antibody against cytokeratin 18 within basal cell lay-
er of PLP-fixed epidermal sheets (lower panel; laser scanning
microscopy). In all panels epidermal ridges are shown includ-
ing in part their lateral borders. Upper panels: x400; lower
panel: x800.
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surface and inner membranes (Fig. 6). Morpholog-
ical preservation was less good upon fixation for 5
min: many cells appeared with interrupted mem-
branes and the cytoplasm devoid of organelles.
Indirect immunoperoxidase for CD1a provided

strong and specific labeling of Langerhans cells,
which were labeled all over their surface mem-
brane and were shown to contain Birbeck granules
as well (Fig. 7). Indirect immunoperoxidase stain-
ing for E-cadherin labeled keratinocyte surface
membrane, with most intense labeling of desmo-
somes (Fig. 8).

DISCUSSION

The results of this study show that PLPfixation
provides for good preservation of cell and tissue
morphology at both light and electron microscopy,
as well as for strong immunoreactivity of many
surface membrane antigens of human leukocytes,
keratinocytes and Merkel cells with routine anti-

Fig. 5 - Left panel: cycling cells incorporating bromod-
eoxyuridine were immunolabeled by a specific antibody with-
in PLP-fixed epidermal sheets. Labeled chromosomes can be
recognized in a cell that had entered mitosis at the moment of
fixation. Right panel: melanocytes were shown by tyrosinase
activity diffuse to the cytoplasm within PLP-fixed epidermal
sheets. Light field microscopy. x 350.

Fig. 6 - Epidermal cells were well preserved for electron microscopy in sheets fixed with PLP, osmicated and epon embedded.
The photomicrograph shows the prickle cell layer, with intact cell surface membrane, intercellular junctions and intracellular
details, including membrane bound compartments and cytoskeleton. x 12000.
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bodies, i.e. with antibodies not specifically
designed for formalin-fixed specimens, and as a
rule not efficient after formaldehyde fixation. The
numbers of Merkel cells seen in our preparations
were not estimated exactly, because this was
beyond the aims of this study, they were anyway
few, in agreement with the data in the literature
which indicate that in human abdominal skin the
density of these cells is low (Lacour et al., 1991).
The preservation of these cells allowed to show in
many instances the cell projections typical of
Merkel cells (Lacour et al., 1991). Also, it was
possible to detail the cell surfaces where E-cad-
herin was localized and to show that this molecule
is absent from the basal surface of cells of the basal
layer, as expected (Jensen et al.,1997).
The good morphological preservation of cryosec-

tions of PLP-fixed, frozen tissue, as compared
with cryosections of fresh frozen tissue, can be
interpreted as depending on two properties. Firstly,
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fixation itself stabilizes tissue structure against
shrinkage during freezing and against mechanical
and autolytical artefacts of sections during thaw-
ing that occurs before completing air drying and
proceeding to definitive, chemical fixation. Sec-
ondly, chemical fixation with PLPallows for the
use of a cryoprotectant before freezing and this in
turn prevents mechanical artefacts during freezing
and thawing of sections. Specimens cannot be
soaked in cryoprotectants if not previously fixed,
unless they undergo at least partial autolysis
before freezing.
The good results of PLPand cryosectioning lead

to propose this method as a valuable alternative to
conventional acetone fixation of cryosections of
fresh frozen tissue, for the immunohistochemical
detection of membrane antigens of the immune sys-
tem cells. The use of routinely adopted antibodies
in these conditions allows for easy comparison of
the results with those obtained with the same anti-

Fig. 7 - Fixation of epidermal sheets with PLP, followed by
indirect immunoperoxidase labeling of CD1a, osmication and
epon embedding allowed for demonstration of antigen at the
cell surface and identification of well preserved Birbeck gran-
ules within cytoplasm of Langerhans cells at electron
microscopy. x 37000.

Fig. 8 - Fixation of epidermal sheets with PLPfor 20 min. fol-
lowed by indirect immunoperoxidase labeling of E-cadherin,
osmication and epon embedding allowed for electron micro-
scopical demonstration of antigen at the cell surface of ker-
atinocytes, with especially sharp labeling of desmosomes. x
30000.
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bodies in other laboratories or in previous experi-
ments of the same laboratory; a further advantage
may be the lower cost of these antibodies than those
designed for formalin fixed specimens.
Fixation of fresh frozen sections with PLPcon-

firmed the efficacy of this mixture for the preser-
vation of membrane antigens and showed that fix-
ation cannot be prolonged indefinitely. From the
practical standpoint, this method gave no advan-
tage over acetone fixation of similar sections.
The results obtained with PLPat electron micro-

scopy were comparable with those of Karnovsky’s
(1965) mixture from the morphological standpoint.
Fixation in PLPprovided the additional advantage of
preserving membrane antigen immunoreactivity, as
shown by pre-embedding labeling for CD1a and E-
cadherin. Formaldehyde alone does not provide for
enough good morphology at electron microscopy
and is usually admixed with at least minimum
amounts of glutaraldehyde, making the preservation
of membrane antigens hardly predictable. On the
contrary, the use of lysine and periodate together
with formaldehyde should not pose problems for the
preservation of antigenicity during fixation. The
deleterious effect of glutaraldehyde on membrane
antigen immunoreactivity is widespread knowledge
(Pearse, 1980), but its cause has not been analyzed in
detail. It may depend on the quick formation of sta-
ble intra- and interchain crosslinks (Reale and
Luciano, 1970; Pearse, 1980) or on the stabilization
of heterophasic lipid moieties (Wigglesworth, 1971),
or both; a role for lipid preservation in masking cell
membrane antigen reactivity can be inferred by the
fact that the gold standard fixative for those antigens,
i. e. acetone, can extract lipids in part while coagu-
lating proteins.
All membrane antigens labeled here are glyco-

proteins. The efficacy of PLPmay therefore be
explained by the selective interaction of this fixa-
tive with glycoproteins (McLean and Nakane,
1974; Hixson et al., 1981) and immunolabeling
indicates that the kind of crosslinks that form does
not inhibit access of antibodies to their targets.
Labeling Langerhans cells within epidermal sheets
- a type of preparation that allows to study whole,
unsectioned cells by conventional and laser scan-
ning fluorescence microscopy - has shown a finer
resolution of labeling within the cell body upon
PLP than upon acetone fixation. This result con-
firms, at this level of analysis, the good preserva-
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tion of cell inner structure, including membranes,
that was also shown by electron microscopy, and
that is obviously not attainable with acetone.
Cytoplasmic antigens, such as cytokeratins, were

also well preserved by PLP, which was expected
on the basis of the known efficacy of formalde-
hyde for intracellular antigens. Fixation with PLP
was also effective for analyzing cycling cells by
BrdU incorporation and immunolabeling. The
procedure requires quite harsh treatment of fixed
tissue with acid and enzymes to expose BrdU on
DNA strands, and it is, therefore, remarkable that
high quality images could be obtained of both
interphase nuclei and chromosomes during mito-
sis. Fixation with PLPalso allowed for the demon-
stration of tyrosinase activity in melanocytes,
although only in part of the sheet surface. We did
not explore further the reasons of the variability of
results among different areas of epidermal sheets,
because this was not the primary target the study.
However, the results indicate that enzyme
activites can be preserved by PLP, which adds val-
ue to this fixative for histological and cytological
studies on skin.
Another recent paper of this laboratory has shown

that PLPis a valuable fixative for leukocyte anti-
gens in human gengival biopsies (Cirrincione et al.,
2002), in line with the results shown here. In that
paper, we could also show sharp immunolabeling
of CD54, CD80, CD83, and CD86, besides MHC-
II, CD1a, CD4 and CD8. We should like to con-
clude that PLPproved to be a valuable fixative mix-
ture for different types of microscopic analyses and,
therefore, can be proposed as a first choice solution
in all cases where good preservation of morpholo-
gy must be coupled with immunohistochemical
labeling of membrane antigens, and where several
types of preparative techniques (such as light
microscopy, immunohistochemistry, enzyme cyto-
chemistry and electron microscopy) should be
applied to one single specimen. In the latter case,
the possibility of trimming and subdividing tissue
blocks upon fixation, instead of before it, can grant
better preservation of tissue structure, easier selec-
tion of portions to be destined to different prepara-
tory lines and, last but not least, safer working con-
ditions, since fixation inactivates most infectious
agents possibly affecting human tissues.

10.Imp. Pieri  3-12-2002  16:33  Pagina 373



ACKNOWLEDGEMENTS

The authors are indebted to Dr D. Nosi for help
with the laser scanning microscope; Ms. L. Calosi,
Ms. C. Righini, Mr. D. Guasti and Mr. P. Guasti for
technical help in the laboratory and Ms. R. Scant-
imburgo for secretarial assistance. Financial sup-
port was granted by the University of Florence.

REFERENCES

Abbas A.K., Lichtman A.H., and Pober J.S.: Cellular and mol-
ecular immunology. Ediz. Italiana. Piccin, Padova, 1994.

Agnarsson B.A., and Kadin M.E.: The immunophenotype of
Reed-Sternberg cells. A study of 50 cases of Hodgkins disease
using fixed frozed tissues. Cancer 63, 2083-2087, 1989.

Ahmed A.F., Nio M., Ohtani H., Nagura H., and Ohi R.: In
situ CD14 expression in biliary atresia: comparison between
early and late stages. J. Pediatr. Surg. 36, 240-243, 2001.

Allaerts W., Fluitsma D.M., Hoefsmit E.C., Jeucken P.H., Mor-
reau H., Bosman F.T., and Drexhage H.A: Immunohistochem-
ical, morphological and ultrastructural resemblance between
dendritic cells and folliculo-stellate cells in normal human and
rat anterior pituitaries. J. Neuroendocrinol. 8, 17-29, 1996.

Birbeck M.S., Breathnach A.S., and Everall J.D.: An electron
microscopic study of basal melanocytes and high level clear cells
(Langerhans cells) in vitiligo. Invest. Dermatol. 37, 51, 1961.

Bos J.D., Zonneveld I., Das P.K., Krieg S.R., Van der Loos
C.M., and Kapsenberg M.L.: The skin immune system (SIS):
distribution and immunophenotype of lymphocyte subpopula-
tion in normal human skin. J. Invest. Dermatol. 88, 569-573,
1987.

Chiba M., Ohta H., Nagasaki A., Arakawa H., and Masamune
O.: Lymphoid cell subsets in normal human small intestine.
Gastroenterol. Jpn. 21, 336-343, 1986.

Cirrincione C., Pimpinelli N., Orlando L., and Romagnoli P.:
Lamina propria dendritic cells express activation markers and
contact lymphocytes in chronic periodontitis. J. Periodontol.
73, 46-53, 2002.

Collings L.A., Poulter L.W., and Janossy G.: The demonstra-
tion of cell surface antigens on T cells, B cells and accessory
cells in paraffin-embedded human tissues. J. Immunol. Meth-
ods 75, 227-239, 1984.

Dienes H.P., Essling K., and John H.D.: Application of immu-
noelectron microscopy for identification of T lymphocyte sub-
sets and HLA-DR antigen positive cells in tissue. J.His-
tochem. Cytochem. 32, 547-551.

Drach J., Gattringer C., Glassl H., Schwarting R., Stein H.,
and Huber H.: Simultaneous flow cytometric analysis of sur-
face markers and nuclear Ki-67 antigen in leukemia and lym-
phoma. Cytometry 10, 743-749, 1989.

374

Gabe M.: Histological Techniques. Masson Springer, Paris,
1976.

Gendelman H.E., Moench T.R., Narayan O., and Griffin
D.E.: Selection of a fixative for identifying T cell subsets, B
cells, and macrophages in paraffin-embedded mouse spleen.
J Immunol Methods 65, 137-145, 1983.

Hall P.A., Stearn P.M., Butler M.G., and D’Ardenne A.J.:
Acetone/periodate-lysine-paraformaldehyde (PLP) fixation
and improved morphology of cryostat sections for immuno-
histochemistry. Histopathology 11, 93-101, 1987.

Hancock W.W., Becker G.J., and Atkins R.C.: A comparison
of fixatives and immunohistochemical technics for use with
monoclonal antibodies to cell surface antigens. Am. J. Clin.
Pathol. 78, 825-831, 1982.

Hixson D.C., Yep J.M., Glenney J.R., Hayes T., and Walborg
E.F.Jr: Evaluation of periodate/lysine/paraformaldehyde fixa-
tion as a method for cross-linking plasma membrane glyco-
proteins.J. Histochem. Cytochem. 29, 561-566, 1981.

Hentula M., Peltonen J., and Peltonen S.: Expression profiles
of cell-cell and cell-matrix junction proteins in developing
human epidermis. Arch. Dermatol. Res. 293, 259-67, 2001.

Holgate C.S., Jackson P., Pollard K., Lunny D., and Bird
C.C.: Effect fixation on T and B lymphocyte surface mem-
brane antigen demonstration in paraffin processed tissue. J.
Pathol. 149, 293-300, 1986.

Jensen P.J., Telegan B., Lavker R.M., and Wheelock M.J.: E-
cadherin and P-cadherin have partially redundant roles in
human epidermal stratification. Cell Tissue Res. 288, 307-
316, 1997.

Jones P.H., and Watt F.M.: Epithelial stem cells. BioEssays
19, 683-690, 1997.

Kadin M.E., Muramoto L., and Said J.: Expression of T-cell
antigens on Reed-Sternberg cells in a subset of patients with
nodular sclerosing and mixed cellularity Hodgkin’s disease.
Am. J. Pathol. 130, 345-353, 1988.

Kallen R.G., and Jenecks W.P.: Equilibria for the reaction of
amines with formaldehyde and protons in aqueous solution. J.
Biol Chem 241, 5864, 1966.

Karnovsky M.J.: A formaldehyde-glutaraldehyde fixative of
high osmolarity for use in electron microscopy. J. Cell Biol.
27, 137A-138A, 1965.

Lewis J.E., Jensen P.J., and Wheelock M.J.: Cadherin func-
tion is required for human keratinocytes to assemble desmo-
somes and stratify in response to calcium. J. Invest. Derma-
tol. 102, 870-877, 1994.

Lacy E.R., Kuwayama H., Cowart K.S., King J.S., Deutz
A.H., and Sistrunk S.: A rapid, accurate, immunohistochemi-
cal method to label proliferating cells in the digestive tract.
Gastroenterology 100, 259-262, 1991.

Lacour J.P., Dubois D., Pisani A., and Ortonne J.P.: Anatom-
ical mapping of Merkel cells in normal human adult epider-
mis. British J. of Dermatol. 125, 535-542, 1991.

10.Imp. Pieri  3-12-2002  16:33  Pagina 374



McLean I.W., and Nakane P.K.: Periodate-Lysine-Paraformalde-
hyde fixative. A new fixative for immunoelectronmicroscopy.
Histochem.Cytochem. 22, 1077-1083, 1974.

Melian A., Beckman E.M., Porcelli S.A., and Brenner M.B.:
Antigen preservation by CD1 and MHC-encoded class I-
linked molecules. Curr. Opin. Immunol. 8, 82-88, 1996.

Moll R., Moll I., and Franke W.W.: Identification of Merkel
cells in human skin by specific cytokeratin antibodies:
changes of cell density and distribution in fetal and adult plan-
tar epidermis. Differentiation 28, 136-154, 1984.

Parr E.L., Lafferty K.J., Bowen K.M., and McKenzie I.F.: H-
2 complex and Ia antigens on cells dissociated from mouse
thyroid glands and islets of Langerhans. Transplantation 30,
142-148, 1980.

Pearse A.G.E.: Histochemistry. Theoretical and Applied. Vol.
1. Preparative and Optical Technology. 4th edn. Churchill
Livingstone, Edinburgh, 1980, pp. 97-106 and 143-144.

Pieri L., Domenici L., and Romagnoli P. Langerhans cells dif-
ferentiation: a three-act play. It. J. Anat. Embryol. 106, 47-69,
2001.

Pollard K., Lunny D., Holgate C.S., Jackson P., and Bird C.C.:
Fixation, processing, and immunochemical reagent effects on
preservation of T-lymphocyte surface membrane antigens in
paraffin-embedded tissue. J. Histochem. Cytochem. 35, 1329-
1338, 1987.

Ruan R.S., Leong S.K., and Yeoh K.H.: Glial reaction after
facial nerve compression in the facial canal of the albino rat.
Acta Otolaryngol. (Stockh.) 114, 271-277, 1994.

Streilein J.W.: Skin-associated lymphoid tissue (SALT): ori-
gin and functions. J. Invest. Dermatol. 80, 12s- 16s, 1983.

Streilein J.W.: Dermal cells: underappreciated components of
skin-associated lymphoid tissues (SALT). In: Nickoloff B.J.
(ed.) Dermal Immune System. CRC Press, Boca Raton, pp.
25-37, 1993.

Van Duinen S.G., Mauw B.J., De Graaff Reitsma C.B., and
Ruiter D.J.: Methods in laboratory investigation. Immuno-
electron microscopic methods for demonstration of antigens
on normal human melanocytes and other epidermal cells. Lab.
Invest. 50, 733- 741, 1984.

Van Ewijk W., Coffman R.C., and Weissman I.L.: Immuno-
electron microscopy of cell surface antigens: a quantitative
analysis binding after different fixation protocols. Histochem.
J. 12, 349-361, 1980.

Whiteland J.L., Nicholls S.M., Shimeld C., Easty D.L.,
Williams N.A., and Hill T.J.: Immunohistochemical detection
of T-cell subsets and other leukocytes in paraffin-embedded
rat and mouse tissues with monoclonal antibodies. J. His-
tochem. Cytochem. 43, 313-320, 1995.

Whiteland J.L., Shimeld C., Nicholls S.M., Easty D.L.,
Williams N.A. and Hill T.J.: Immunohistochemical detection
of cytokines in paraffin-embedded mouse tissues. J. Immunol.
Methods 210, 103-108, 1997.

375

Wigglesworth V.B. Bound lipid in the tissues of mammal and
incect: a new histochemical method. J. Cell Sci. 8, 709-725,
1971.

Yano T., Ohtake K.I., Kameda K., Kizaki M., and Ogawa T.:
Application of the avidin- biotin- peroxidase complex tech-
nique for ultraimmunocytochemical characterization of
leukemic cells. Am. J. Hematol. 34, 140-148, 1990.

10.Imp. Pieri  3-12-2002  16:33  Pagina 375


