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Summary - Intestinal biopsies from patients having genetic disorders of lipoprotein assembly and secretion, such as abetalipoproteine-
mia (ABL) or Anderson’s disease (AD), contain large amounts of lipids which are accumulated in the enterocytes. Determination of
the intracellular sites in which the lipids accumulate and to which apolipoproteins the lipids are bound would help to 1dentify the
defects in these diseases and further elucidate the mechanisms by which lipoprotein assembly and secretion occur normally. Ultrastruc-
tural immunogold labeling, however, is hampered by the poor preservation of the lipids accumulated in the enterocytes of these
patients. We have used routine electron microscopy (fixation and ultra-thin sectioning) along with three methods for immunogold
labeling of lipid-laden enterocytes: ultrathin cryosectioning, low temperature freeze substitution with embedding in Lowicryl K4M,
and ultra-low temperature freeze substitution with embedding in Lowicryl HMZ20, to establish a protocol for investigating the intestinal
tissue from these patients. Ultracryosectioning, while preserving the overall morphology of the lipid laden enterocytes, did not preserve
the lipid content and the immunogold labeling of apolipoprotein B (ApoB) appedred dislocated. Freeze substitution and low tempera-
ture embedding in Lowicryl K4M, in contrast, appeared to better preserve the lipid and lipoprotein structures; however, the antigenicity
of both apoAl and apoB appeared to be lost and no specific labeling could be obtained. Freeze substitution and embedding in Lowicryl
HM?20 best preserved the lipid and lipoprotein structures while maintaining apoprotein antigenicity. In conclusion, immunogold label-
ing of apolipoproteins on lipid structures in the lipid-laden enterocytes of patients with ABL and AD is best obtained by freeze substi-

tution and embedding in Lowicryl HM?20.
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Introduction

In man, apolipoprotein B (apo B) containing lipoproteins
play important roles in lipid transport and metabolism [26].
They have also been implicated 1n the pathogenesis of car-
diovascular disease which.is one of the major causes of
mortality in western countries [47]. Although much is
known about the structure and physiology of these particles,
the mechanisms of assembly and secretion of the apo B
containing lipoproteins in the intestine and the liver are ]ess
well understood. The initial assembly of apo B with lipids
apparently occurs cotranslationally in the rough endoplas-
mic reticulum [1, 10, 11, 18]. Nascent lipoproteins are then
transported to the Golgl apparatus and subsequently to the
intestinal intercellular spaces at the basolateral side of the
enterocyte and to the space of Disse 1n hepatocytes. It 1s
unknown, however, exactly how lipids and apo B are
brought together to form a lipoprotein particle. It is clear
that, at least, one other factor, microsomal triglyceride
transfer protein (MTP), is involved in the assembly of
lipoproteins [24, 38 , 46].

To learn more about these mechanisms, we have chosen
to study two inherited disorders: abetalipoproteinemia
(ABL) and Anderson’s disease (AD) [2, 13-15, 20, 24, 34,
36, 39, 46]. These diseases are genetic defects of the assem-

bly and the secretion of apo B lipoproteins, not related to
the apo B gene. They are characterized by a marked accu-
mulation of lipids alone (ABL) or lipids associated with
large vesicles containing numerous lipoprotein-like struc-
tures (AD). Identification of the subcellular structures
where these lipid or lipoprotein-like structures are stored
may help to identify the factors involved in these defects
(apolipoproteins or other factors) and lead to a better under-
standing both of these diseases and of lipoprotein assembly
and secretion 1n nermal individuals.

Immunolabeling at the ultrastructural level 1s a powerful
technique for studying directly the irn situ localization and
the intracellular pathways of proteins in cells. As compared
to immunofluorescence methods [17], ferritin-labeled anti-
bodies [40] provide the advantage of being visible at the
electron microscopic level, however, the disadvantage of
this technique is an impaired penetration of the labeled anti-
bodies into the tissues. More recently, enzyme labeled anti-
bodies [4, 28] have become widely used for the localization
of cellular components in investigative and diagnostic
pathology as well as for research 5, 291.

When immunoelectron microscopy following peroxi-
dase labeling of apolipoproteins was used to study the
enterocytes from patients having ABL or AD, lipid and
lipoprotein structures were poorly preserved and the
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purposes, after obtaining informed consent. All biopsies were
obtained in the fasting state (12-135 h)., The procedures for
obtaining biopsics and the experimental methods employed in
thetr analysis have been approved by INSERM (Institut
National de la Santé et de la Recherche Médicale) and the Bio-
ethics Committee of the Bichat Hospital (Paris, France), ag
part of a biomedical project (Projet de Recherche Biomedicale
no 94002) for the study of hereditary disorders of malabsorp-
tion and lipoprotein assembly and secretion. Biopsies were
treated according to four protocols. The first, fixation and
ultrathin sectioning, was used for routine staining prior to ¢lec-
tron microscopy. The other three, fixation and cryo-ultrami-
crotomy, freeze-substitution and low temperature ecmbedding
in Lowicryl K4M, and freeze-substitution and ultra-low tem-
perature embedding in Lowicryl HM20, were used prior to

interpretation of the labeling was very ditficult (Bouma e/
al, unpublished results). Visualization of the particular
subcellular structures to which apo B or other proteins
were bound was not possible, This difficulty was due to
the marked intra-cytoplasmic accumulation of lipids and
lipoprotein-like structures in both the enterocytes and
hepatocytes from patients with ABL and AD, resulting
from the inability of these cells to export fat as lipopro-
tein particles.

The development of the protein A-gold immunochem-
ical labeling technique associated with improved embed-
ding procedures has further extended the investigation
of protein secretion at the ultrastructural level [7, 8, 31].

(S
N A s
B TA-
e

)

e R R 3. LS EARE D 5
2 N A

T TR, :’5%‘;“5

7
i
kY,
/
)
) .
7
AL
.'3;
g
FL
=
e
[
&
¥)

i Several proteins have been localized with high resolu- . .

| tion and specificity in particular subcellular compart immunogold lubeling.
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| nents, Lonfm'mng'the data obfamecl by autoradiography Routine electron microscopy

. and cell fractionation concerning the secretory pathway

. [30]. Because of their small size, gold particles provide Fixation and ultrathin sectioning

{‘ accurate and easy identification of these compartments [ntestinal fragments (2-3 mm?) were fixed immediately by
’fﬁ and the intensity of the labeling can be quantified sim- immersion in 2.5% glutaraldehyde (TAAB, Aldermaston, UK)
| ply by counting the number of gold particles. Double hu‘ftcrcd with 0.1 M sodium pl}t)splmtc (pI1 7.4) for 2 h at 4°C,
labeling with gold particles of different sizes can dem- After post fixation in 1% osmium tetroxide for 1 h at 4°C, the
. s : C : . fragments were dehydrated with ethanol at 4°C (70% ethanol
QUSLIALELWE dlffelen.t antigenic Slt.es on the same HSSL.IL overnight; 95% cthanol tor 20 min; 100% cthanol, twice for
. section [6]. These different techniques have been used s y ) . o

i PR TR . T . 20 min; and then once for 30 min), then mmmersed in two baths
g;l to .Sludy ip Qp rotetn blosynthes;s and ',51’3901,? tion 1n ;l;e 1,;“‘ of pure propyleae oxide at 4°C (tor 20 min and then for 30 min)
1 chicken and in man (1, 11-13, 16, 19-21, 23, 25, 27, and then inunersed tna 1:1 mixture of propylene oxide and Epon

37]. Unfortunately, immunolabeling at the ultrastructu-

(TAARB, Aldermaston, UK) followed by embedding in Epon and

i ral level of the intestinal biopsies of patients with ABL polymerization at 60°C for 48 h, Ultrathin sections, prepared
. and AD 1s greatly hampered by the marked accumula- with an LKB Ultramicrotome I 8802A (Bromma, Sweden),
5; tion of lipids. were counterstained for 10 min with 1% aqueous uranyl acetate
' Ultrathin Cry()sectioning [43] and freeze substitution tol- and for 10 min with Reynold's lead citrate, They were observed

with a Jeol 1010 electron microscope (Jeol, Croissy-sur-Seine,

lowed by low temperature embedding in Lowicryl (3, 32, I" )
“FANCC),

33, 45] associated with protein A-gold labeling may avoid
some of the problems due to the intracellular lipid accumu-
lation [45]. Levy et al [27] and Dixon et al [19] showed the
feasibility of using Lowicryl KdM embedding for studying
normal human intestinal and chicken liver ultrastructure,
respectively, Dullaart er al {20] used ultra-thin ¢ryosection-
ing to study the ultrastructure of intestinal fragments from a
patient with abetalipoproteinemia. These interesting data
suggested that it might be possible to preserve the antige-
nicity of the proteins as well as the ultrastructure of lipids
and lipeproteins in the lipid-laden enterocytes from patients
with abetalipoproteinemia and Anderson’s disease. We
studied several approaches to fixing and embedding intesti-
nal biopsies from normal individuals as well as from
patients with ABL or AD. After optimizing the experimen-
tal conditions, we found that good preservation of the sub-
cellular architecture could be obtained while maintaining
the antigenicity of the apolipoprotein when the tissue was
pre-fixed in paraformaldehyde with or without glutaralde-
hyde and then freeze-substituted at -90°C and embedded in
. 0 . » 2 ¥4 ® 2%

L(.)W]Cr.yl HM?'O at “50_(:’ The Hdllc p{OtOLOI workf.d well Freeze-substitution and low temperature embedding in Lowicry!
with bropsies from normal individuals and should prove KA M

useful for the intracellular localization of apoprotein anti- Low temperature embedding in Lowicryl K4M was performed,
ZENS. with some modifications, as previously described [3, 32, 33].
Briefly, intestinal biopsies were fixed with 2% paraformaldehyde
or with a mixture of 2% paraformaldehyde and 0.1%% glutaralde-
hyde in phosphate bufler as described above. They were infused
under stirring for 30 min in 2.3 M sucrose bulfered with 0.1 M
sodium phosphate (pH 7.4) at room temperature and then frozen

Inununo electron microscopy

Fixation and cryvo-ultramicrotomy

Intestinad fragments (about 2-3 mmd) were fixed immediately by
immersion in either 2% paratormaddehyde (freshly prepared from
Stgma, St Louis, USA)Y alone or in a mixture of 29 paratormal-
dehyde and O0.1% glutaraldehyde both in 0.1 M sodium phos-
phate (pH 7.4) for 2 h at room temperature. In both cases, alter
fixation, fragments were stored in a 2% paraformaldehyde solu-
tion, at 4°C, until further processing. In our experience, tssues
could be stored up to 6 months without any apparent moditica-
tion of the immunolabeling or the lipid preservation. Ultrathin
cryosectioning of the fixed biopsy fragments was performed with
modifications of techniques previously described 242, 43, 4],
The fixed tissue fragments were cryoprotected by infusion under
stirring, with 2,3 M sucrose in (.1 M phosphate bufter (pH 7.4)
for 30 min at 20°C, then placed on copperblocks and frozen in
liquid nitrogen, Ultrathin eryosections were prepared using an
FC4D ultracryotome (Reichert, Vienna, Austria) and then pro-
cessed for immunogold-staining,
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Materials and methods
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Fluman intestinal biopsies
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poproteinemia or Anderson's disease after the nature of the
study and its possible consequences were explained and after
informed consent was obtained. Normal biopsies were a part of
those taken from normo-lipidemic individuals for diagnostic

;:ﬁ in liquid nitrogen. Fixed tissues were then dehydrated in o graded
’%% Human duodeno-jejunal fragments were obtained by fiber ethanol series, during which the temperature was lowered step-
optic endoscopy, from patients diagnosed as having abetali- wise to ~35°C (30% ethanol, 0"C, 30 min; 504 cthanol, =207C,
L

60 min; 70% ecthanol, =353°C, 60 min: 804% ethanol, ~35"C,
60 min; V0% ethanol, <35°C, 60 min; 1000 ethanol, =35°C, 2 h).
Infiltration with Lowicryl K4M and embedding in beam capsules
was done at =35°C (Lowicrybethanol 1:1, 60 min; Lowicrylieth-
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anol 2:1, 60 min; Lowieryl 100%, 60 min, Lowicryl 100%, over-
night). The material was embedded in pure Lowicryl K4M in
beam capsules and polymenzation was induced by UV light at
~O0°C {or <48 h and then completed by 48 h of incubation at room
cemperature, Ultrathin sections were prepared using an LKB
Ultramicrotome T 8802A and were then processed for immu-
nolabeling.

Freece-substitution and wltra-low temperature embedding in
Lowicryl HM20)

Intestinal biopsies were fiest fixed with 2% paraformaldehyde or
with a mixture of 2% paraformaldehyde and 0.1% glutaralde-
hyde in phosphate buffer as described above, Fixed intestinal
biopsics were then infused under stirring for 30 min in 2.3 M
sucrose buftered with 0.1 M sodium phosphate (pH 7.4) at room
temperature and then frozen n liquid nitrogen. They were then
dehydrated in methanol at =90°C for at least 48 h in a CS auto,
cryo-substitution apparatus (Reichert). The embedding was per-
formed with increasing concentrations of Lowicryl HM20 in
methanol (Lowicryl:methanol 1:1, 1 h; twice; Lowicryl:metha-
nol 2:1, 1 h; twice; pure Lowicryl for 1 b, then 16 h and finally
for 1 h) by raising the temperature from -90°C to -50°C at a
rate of 47°C per hour, Samples were transferred, inside the
Reichert CS-auto, to an embedding mould filled with pure Low-
icryl HM20 and polymerization was induced by indirect UV
light at =50°C for 48 h and was completed by incubation at
room temperature for 2 more days [435], Ultrathin sections were
preparcd using an LKB Ultramicrotome 11T 8802A and were
then processed for immunolabeling,

Immunaogold labeling of wltrathin cryosections and ultrathin
Lowieryl sections

The frozen ultrathin cryoscctions and the ultrathin Lowicryl
sections were translereed to carbon coated collodion grids and
immunogold labeled by modifications of previously described
techniques [22, 31]. We investigated various durations (15 min
to § h) and various concentrations of bovine serum albumin
(BSA) (1 to S%) and gelatun (1 to 4%) for the preincubation
period at room temperature i order Lo determine that the opti-
mal conditions were to preincubate thawed cryosections and
Lowicryl seetions at room temperature for 1 h in a solution of
[% BSA and 4% gelatin dissolved in phosphate bufltered
safine, pHl 7.4 ( buftfer A). This incubation was necessary to
reduce the non-specific immunolabeling that occurred, particu-
larly in the lipid-laden cells of the patients. Buffer A was
present throughout the treatment of the ultrathin sections
(including incubations with the antibodies and with protein A
pold as well as during washing steps). Sections were then ncu-
bated at room temperature for 1 h with a polyclonal (rabbit anti
apoB anti-serum diluted 1/100) or monoclonal antibody
(murine anti-apoB diluted 1/50 or 1/100; murine anti-apoAl
diluted 1750 op 17100 specific for the apolipoprotein diluted 1n
bulfer A. Polyclonal rabbit antibodies against apoB were pre-
pared by A Mazure (Institut National de la Recherche Agrono-
mique, Laboratoire des maladies métaboliques, Clermont-Fer-
rand) and by § Salmon (INSERM Unit 312, Museum National
d*Histoire Naturelle, Paris, France)., The murine monoclonal
anti-apoB antibodies were from M Ayrault-Jarrier [35] and the
murine monoclonal anti-apo A, was from Daiichi (Tokyo,
Japuon). Both the rabbit polyclonal antibodies against apoB
gave identical labeling of the cellular structures, which was
better than that obtained with the murine monoclonal antibod-
ies, and they were, theretore, used for this study. After incuba-
lion with the first antibody for [ h at room temperature, the
sections were washed with buffer A (three times for 10 min)
and then incubated for 1 h with protein A complexed to 10 nm
colloidal gold (1/400), as previously described [9, 41]. After
washing with distilled water, the sections were stained with a
saturated aqueous solution of uranyl acetate (10 min) and with
Reynold's lead citrate (10 min). They were examined at 80 kV
with a Jeol 1010 clectron microscope. Non-specific labeling
was evaluated by omitting the specific antiserum and incubat-
Ing the sections with pre-immune serum or with protein A gold
reagent alone.

Results and discussion
Routine electron microscopy

Intestinal tissues from patients with abetalipoproteinemia
were characterized by a marked accumulation of large lipid
vacuoles ranging in size from 200 nm to 8 um (fig 1a). The
Golgi apparatus appeared flat, devoid of lipid or lipopro-
tein-like structures (fig la, inset). Intestinal tissue from
patients with Anderson’s disease also contained marked
accumulation of lipids (fig 1b). Some of the lipid however,
appeared to be lipoprotein-like structures and were
observed within the Golgi apparatus (fig 1b, inset). The size
of these lipoprotein-like structures varied from 18 nm to
I um and they resembled lipoproteins observed in the Golgi
apparatus of enterocytes from normal individuals having a
dense rim around the edge of the particle. In both groups of
patients, the lipid droplets exhibited the typical electron
dense aspect of lipid material, due to the fixation by
osmium tetroxide. These results are consistent with current
concepts that abetalipoproteinemia is primarily a problem
of lipoprotein assembly whereas Anderson’s disease would
appear to be a problem related to the secretion of already
formed lipoprotein particles [26]. It should be noted that
adequate vizualisation of the lipid and lipoprotein-structures
in these fat laden tissues depends upon dehydration at 4°C.
Dehydration at 20°C results in increased lipid extraction,
leaving holes in the tissue (results not shown).

0 elec CrOSCo
Immuno electron micros ’

Ultracryosectioning

Ultrathin cryosectioning of intestinal tissues from normal
fasted control subjects gave good preservation of the sub-
cellular structures as has been previously noted [22]. After
immunogold labeling with anti apoB antiserum, chylomi-
cron-like structures decorated by gold particles could be
observed in the intercellular spaces (fig 2a). No gold parti-
cles, however, were detected in the endoplasmic reticulum
or in the Golgi apparatus.

Ultrathin cryosectioning of intestinal tissues from patients
with ABL or AD also gave adequate preservation of the
overall structural morphology of the enterocytes, however,
the content of the lipid rich structures (both the lipid droplets
and the lipoprotein-like particles) that accumulated in the
cells of the patients frequently disappeared, leaving a col-
lapsed appearance. Immunogold labeling with anti-apoB
antiserum gave numerous gold particles scattered on the
exceptionally remaining lipid structures. The immunolabel-
ing of both abetalipoproteinemia and Anderson’s disease
enterocytes appeared dislocated with many of the gold parti-
cles no longer overlaying the lipid structures (fig 2b).

Freeze substitution with Lowicryl K4M

Freeze substitution with Lowicryl K4M better preserved the
lipid and lipoprotein-like structures, particularly in the intesti-
nal tissue from the patients with Anderson’s diszase, Chylom-
icron-like structures were visible in large vesicles and they
resembled the images of normal tissues [15] that had been
prepared for routine electron microscopy by fixation with glu-
taraldehyde and post-fixation with osmium tetroxide followed
by post-embedding in epoxy resin. However, the protein anti-
genicity apparently was lost during the Lowicryl K4M freeze
substitution procedure since no specific immunogold labeling
was observed with anti-apo B antiserum (results not shown).
These results are in contrast with those obtained by Diirer et
al [21] who observed gold labeling of structures in the rough
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