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Four MAbs recognizing antigens found in the pituitary gland, 13-11A, 16-5G, 40-5B and 11-1F, were
reactive with antigens found in the neural lobe but not in either the intermediate or anterior lobes when
examined using indirect immunofluorescent methods. However, an exhaustive TEM study failed to
determine which ultrastructural elements the immunoprecipitate was associated with. Further
experimentation determined that the solution used to fix the tissue for TEM study had destroyed its
antigenicity. Future experimention should include a search for another fixing solution that will enable
the tissue to retain its antigenicity.
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ABSTRACT

Since their inception in 1975, monoclonal antibodies
(MAbs) have rapidly become the probe of choice for many
investigators interested in describing unknown antigens
found in complex heterogeneous immunogens. This study
characterized five MAbs which bind previously undescribed
antigens in the rat nervous and neuroendocrine systems.
Immunocytochemical techniques for light and transmission
electron microscopic (TEM) examination were employed. MAD
F5-26 was reactive with an antigen present on chromatin
fibers of nerve cell nuclei in both the central and peri-
pheral nervous systems as well as nuclei of cells found in
the adrenal gland and oocytes. ’ '

Four MAbs recognizing antigens found in the pituitary
gland, 13-11A, 16-5G, 40-5B and 11-1F, were reactive with
antigens found in the neural lobe but not in either the
intermediate or anterior lobes when examined using
indirect immunofluorescent methods. However, an exhaustive
TEM study failed to determine which ultrastructural ele-
ments the immunoprecipitate was associated with. Further
experimentation determined that the solution used to fix
the tissue for TEM study had destroyed its antigenicity.
Future experimention should include a search for another,
fixing solution that will enable the ‘tissue to retain its
antigenicity. ‘
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INTRODUCTION

Monoclonal antibodies (MAbs) are rapidly becoming an
indispensible tool for the study of a variéty of biologi-
cal systems. MAbs which are specific fér'neurbnal cell-
surface antigens (Leviﬁe et al., 1984; Allen and Akeson,
1985; Jacob et al., 1984) have aliowed investigators to
more closely examine developmental aqd functional
properties which govern cell to cell interactions such as
recognition and adhesion which are crucial events during
differentiation of the nervous system. Neuronal migration,
biochemical differentiation and axonal elongation ail may
depend dn recognition of cell;tybe sﬁecific suqface mole-
cule; (Kandel and Schwartz, 1982).

The long term goal of this iaboratory is to perform
devélopmgntal and functionai étudies,using MAbs specific
for surfaée'mblecules of magnocellular neurosecretory
neurons of the hypothalamus. As a result of this research,
several MAbs have beén obgaiqed which recognize antigens
other than those found on the cell surface.'The presént
study was undertaken to déscribg five such MAbs: one
recognizes a chromafin associated protein specific to rat
neuronal cell nuclei and four are specific for antigens of
the rat pituitary glaqd.

Over the past several years, this laboratory has used
the hypothalamo—neurohypophysea1‘sfstem.as a model to‘

examine those properties of a neuron which allow its axon
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to locate the appropriate terminatiné area. This system
lends itself to development of MAbs for a number of rea-
sons. Thé physical boundaries of both the supraoptic nuc-
leus (SON), and paraventricular nucleus (PVN) havg been
délineated and the cell bodies_comprising then caﬁ be
isolated from whole brain. The gxonal pathways of the
magnocellulér neurons have been extensively‘described
(Silverman and memerman, 1983) and the axon terminals in
the posterior pituitary are readily harvested. This 9yétem
provides an easily isolated, naturally enriched source of
membrane frbm one spegific cell type for‘use as immunogens
to produce MAbs.

Because tﬁe surface of a celi ig- covered with thousands
of antigens (Sikora and Smedley, 1984) the production of
polyclonal antibodies to study 1n@ividual_antigenic deter—'
minants in a crude membrane extract of nervous. tissue
would not be possible. In contr;st; MAbs have the abilty
to recognize individual antigenic determinénts within
compl ex immﬁnogens. The production of cell-type specific
MAbs can be equally challenging since it 1is 1ﬁposéib1e
to predetermine which gntigens will be recognized by the
monoclonal ant;bodies obtained. Even using crude membrane
preﬁarations produced largely from magnocellular peri-
kérya or axon terminals is no guafanfee that the MAbs
produced will recognize these structures exclusively.

Antigens may be shared by several cell types, non-membrane
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antigens likely contaminate the preparation and cell-typé
spgcific bréteins mgy po;sess antigenic epitopes which are
shared with many other proteins. In spite of the potential
obstacles, the production and characterization of any MAbs
specific for_a néurdnal antigen 1is poéentially important
because so few have’been developed and because any addi-
tions to this library of exquisitely sensitive frobes will

help us to learn more about neuronal nuclear and pituitary

form and function.
Monoclonal Antibody Preparation

MAbs do not differ structﬁrally from naturally occur-

ing antibodiés and schematically tbey mﬁy be thouéht of

as Y-shaped molecules with two identical a;tigen binding
sites at the tips of the ;rms.The N-terminal amino acid
sequence located there is'spgcific.to the antibody and
binds only one antigen. All oéher antibodies will have
different sequences and therefore will be specific for
different antigenic epitdpes.

An antibody molecule is comhoéed of two idéntical heavy
chains and two identical light chains. Portions of each
'heavy and light chain participate in the antigen binding
site ﬁhile the heavy chain alone forms the Fc regioﬁ of
the antibody molecule. The Fc region will determine to

which of the five classes the antibody belongs as well as

its characteristic interaction with other proteins.
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Antibodies are produced by B-lymphocytes which have
been activated b& an antigen. The lymphocyte produced
antibodyhis released directly'from the éell into the
surrounding tissue fluid. If it were possible to grow this
type of lymphocyte in culture, MAbs could be produced very
easily. However Qormal B-lymphocytes do nét grow well in
culture. Methods first developed in the laboratory of
Georgé Kohler and Cesar Milstein (1975) have solved this’
problem and so have enabled others to produce copious
amounts of monoclonal antibody specific for one antigenic
epitdpe. They diséovered that a myeloma, a non-secréting
malignancy of B-~lymphocytes, grows well in culture. The
cultured myeioma cells can be fﬁsed with an antibody
producing B-lymphocyte. The resuiting fusion ;roducf is
called a hybridoma and has retained the characteristics of
both parent cells; the rapidly groﬁing non-secreting
traits of the myeloma and antibody produéing character of
the 1ymphocyte.'As a result, the hybridoma can grow for-
ever and produce an unlimited supply of a single mono-

clonal antibody.
"Significance of Nuclear Antibodies

Development of monoclonal and polyclonal antibodies
directed against specific enzyme markers (Jones et al.,
1980), histone-like proteins (Lutz et al., 1985) and non-

histone chromosomal (NHC) proteins (Smith et al., 1978;
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Bustin and Neihart, 1979) has advanced our knowledge of

nuclear cytoarchitecture 'and physiology. The production of

such equisitely sensitive probes against other additional

nuclear proteins_will‘permit-further delineation of the
complex nature of the.nucleus.

" Preliminary light microscopic and immunoblotting ex~—
periments revealed that one of the MAbs included in this
projecf recognizes a neuronal mnuclear protein (Cranstéﬁ,
et al., 1985) having a ﬁolecular weight of abproximately
42,000 daltons (Hapner and Paden, 1984). This MAb, F5-26,
may bind to one .or more of the'pfoteinaceous components of
the.nucleus. A definitivé characterization of this MAb
requires a sﬁccessful elect;on micréscopic localiz;tion.
Immunoperoxidase methods, which éroduce an electron dense
.reaction product, will be employed to localize‘the anti-
body bindipg antigen.

Several eésily identifiable strﬁctures are apparent in
‘an electron micrograph 6f a neuronal nucleus. A very clear
nuclear envelopg is apparent and its double membrane can
be easily distinguished by the perinuclear cisterna. The
nucleus is filled with chromatin material and one or more
nuclegli. Immunoprecipitaté associated with any of tﬂese
structures will appear as black electron dense specks
which stand out against the more electron lucid background
of nucleoplasm.

The large size of the antigen protein recognized by Mab
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F5-26 makes it very unlikely that it is a histone‘or "high
mobility group” (HMG) protein as described by Johns
(1982). targer non—-histone chromosomal, enzymatic and
structural_proteins_or proteins associa;edlwith the nu-
clear envelope are more likelf candidates. Thus the'cuf—
rent state of knowledge regarding tﬁese proteins will be
briefly reyiewed. l

Membrane, pore, and laminar proteins are contained in
the nuclear envelope which is compdsed of two typiéal
lipid bilgyer membranes separated by the perinuclear
cisterna. Pore elgmgnts span‘;he perinuclear cisterna
joining both membrane layers and it is.speculated that
they are qomﬁosed of a single‘bblypep;ide with a molecular
weight of approximate19.68,000 daltons (Hancock and
Boulikas, 1982). The 1am{na, located between the inner
membrané ana the most peripheral chromatin, is 80 vo 300
nm thick in different cell types, and is intgfrupted at
the pores (Hancock and Boulikas, 1982). Enzymatic diges-
tion and ultrastructural cytochemical experiments indicate
that it 1is primarily composed of a protein known as lamin.
Richardson and Maddy (1980) using solid state lactoperoxi-
dase labelling, have shown that the poré-lamina component
of rat liver nuclear envelope is approximately 937 pro-
tein, 6% RNA, and 1% phosphSIipid.

Enzymes isolated from nuclei have been shown t§ act

upon DNA, RNA, histones, and non-histone chromosomal pro-
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teins (Weisbrod, 1982). A numbér of these enzymes act to
modify the molecular composition of chromoéomal proteins
and are necessary for accurate gene expression.

Most of the nucleopiasm is filied with chromatin, the
deoxyriponucleoproteiﬁ (DNP).material of chromosomes. The
chromatin fiSer consists of a chain of repeatinglsubunits
called nucleosomes (Noll, 1974). The nuqleqsbme is a par-
ticle of i60—170 bése pairs of DNA associated with all
five histoﬁes, two each of.HZA, H2B, H3, and H4 found in
the core and asingle molecule of histone Hl attached to
"linker” DNA (Caftwright et al., 1982; Weintraub, 1985).
Weintraub (1984) has shown that histone Hl cross—1links
1nactive.regionsof chromatin in such a ﬁay as to hold
together ajacent nucleosomes. A complimentarf study con-
ducted by Schissel énd Brown (1984)'demonstrated that in
vitro removal of histone Hl1 from the linker D'NA of inac-
tive.Xenbpus oocyte 55 genes leads to active transcrip-
tion.

The chrqﬁatin figer exhibits three different levels of
ofganizgtion. The 1005 fiber, described abové, gives
chromatin the familiar "beads on a string” appearance. It
is believed that nucleosomes are further organized. by |
histone and NHC proteins into 3002 coils containing 6-7
nucleosoﬁes arrayed in a helical manmner (McGhee et al.,
1980). Finally, thg 3003 coil is organized into a . super-

helical macrostructure. It has been suggested that the
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torsional strains put on B-DNA by this supercoiling make
it hypersensetive to transcription (Weisbrod, 1982;
Mayfield'et al., 1978) and factors involved in transcrip-
pion may require a non—-B-DNA form to be activated. Alter-
natively, proteins such as histomne H1l, which are involved
in repression of gene expression, ma? bind weakly to this
superhelical template thﬁs allowing transcriptional events
to occur (Weintraub, 1985). .

Though many of the mechanisms involved in reﬁression
and derepression of gene activity ére understood
(Weisbrod, 19é2; Weintraub, 1985) there remains much that
we do not know. NHC proteins play'an integral role 1n.
these events*yet,the number of completely described spe-
cies remains small. It seems quite @ossible that MAb F5-26
could éecogﬁiée such a protein and if sglcharacterization
of that protein may contribute to the'uﬁderstanding of the
control of geﬁe activity.

The function of NHC proteins can be characterized ac-
cording to their distribﬁtion along transcriptionally
active si;es, their time of action in the transcription
ﬁrocess or according to whether their functién is enzyma-
tiec or structural (Cartwright et al., 1982). Several NHC
proteins.have been extensively characterized and include
protein A24, Hi; IP-25, “"high mobiiity group” (HMG) and
"low mobility group” (LMG) proteins.

Protéin A24 1is a complex of ubiquitin and histone H2A.
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O0f all H2A found in the nucléosome apprﬁximatel& 10% 1is
complexed in this manner. The érecise role of proteiﬁ A24
is unclear but it has been shown that it is associated
with inactive sequences (Goldknopf et al% 1978).

Proteimns H°1 and IP-25 ;re similar t;) histone H1l in
structure and appear at times to occupy ?hg lfpker DNA
regiop (Keppel et al.,'1979). Though their function in the
nucleosome 1is unciear, studies havé suggested thét protein
H{ may replace histone H1 in association with linker DNA
(Smith and Johns, 1980).

It has been es;imated that there are gpproximately
10,000 to 100,000;m01ecu1és of NHC proteins per nucleus of
mammalian cells (Johns, 1982). HﬁG proteins are by far thg
most abundant and most thouroghly characterized of all NHC
proteins. The terms "high mobility group” and "low mobili-
ty group” are used to describe the relative movement of |
these proteins on polyacrylamide gels (Goodwin.et a}”

0 1973). ‘ -

Heizmann (1980, 1982) and Kuenzle (1983, 1984) detected
fluctuations in the concentration of protéin 35K, a “"low
mobility group”™ NHC proteiﬁ of neurons with-a h;éh affini-
ty for single-strand DNA. Those fluctuations coincided
with the arrest of differentiation and mitotiec division in
rat cerebellar granule cells. In 1984, Kuenzle's expéri-
ments produced neuroblastoma cells in culture in which the

concentration of protein 35K did not fluctuate eithef‘when
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the cells were left to divide or were induced to differen-
tiate. Homologous proteips present in other cell types
demonstréted no change in concentration‘with respect to
artificial manipulation. From these studies it appears
that protein 35K can be assigﬂed no specific role but
likely serves a structural rather -than catalftic function.

A review of the literature reveals that Kuenzlefs study
may be the only work that has been conducted concerning
identification and characterization of NHC proteins which
are specific to neuroné, This study will likely expand our
knowledge of neuron specific proteins and possibly provide
the basic groundwork réquired for further dnderstandiﬁg of

the molecular mechanisms of neuronal gene control.
Significance of Pituitary Antibodies

The cellular and subcellular localization of MAb bind-
ing and subsequent pqrificat;on of the antigens recog-
nized will undoubtably lead to a greater understanding of
the organization, function and coptrol of the posterior
pituitary. Four MAbs included inm this study, 13—11A, 11-
1F, 16-5G and 40-5B, recognize antigens in the posterior
lobe.

The magnocellular neurosecretory system has provided a
model to dgscribe the principles of ngurosecretion for
many years (Sil@ermann and‘21mmermap, 1983). These cells,

located in the SON and PVN of the hypothalamus, produce
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tﬂe polypebtides oxytocin and vasopressin; package them in
membr;ne bound neurosecretory granules, aﬁd then tr&néport
them by éxoplasmic flow to terminals im the posterior
pituitary for rélease into the general cirfﬁlation.'Oxyto-
cin is a nonapeptide c;pable of stimulatiﬁg uteriﬂe‘con-
tractioﬁ and milk letdowﬁ. Vasopressin, another nonapep-
tide, stimulates.watér absorption in the distal renal
gubules and has been shown to stimulate vascular contrac-
tion of smooth muscle in arterial vessels (Altura and
Altura, 1984; Penit et al., 1983). In addition, vésopres-
sin has been implicated in the improvement of memory
(Jolles, 1983) aéd has been shown to,iﬁfluence neurénal
firing rate Qithin various regions of the central nervbus
system (Tanaka, et al., 1977).\

The c&toarchitecture and physiology.of the posterior.
pituitary have been extensively studied by many investiga-
tors (for review see Cross, 1983). Pituicytes, a type of
astroglia_cell, comprise 25 to 307% of the total volume of
the rat posterior pituitary (Tweedle, }983).»Their physio-
logical role may include phagocytosis of dégenerating
axons (Dellman énd*ﬁodriquez, 1970; Tweedle, 1983) or
control of hormone reiease froﬁ-axon terminals into the
circulation (Tweedle, 1983). A number of controi mecha-
nisms for hormone release have been'suggested, and iﬁclude

(1) release of GABA from pituicyte processes surrounding

terminals, which inhibits hormone release (Beart et al.,
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1974), (11i) pftuicyté regu1ation of the extracellular
ionic ehvironment (bellman et al., 1974) and (iii) preveﬁ—
tion of éxoﬁ terminals from contacting the basement mem-
brane (Tweedle, 1983). In the lafter case, it was shan
that the extent of nerve ending'coﬂtact on capillary
basemené membrane increased during periods of parturitioh.
This suggests that at times of increased hormone demand
pituicyte foot procésses,_separating axons from‘the base-
ment meﬁbrane, draW'back-allowing an increase in func-
tional.axén—basement membrane contact area.

Blood vessels of the'posterior pitﬁi;ary are generally
fenestrated, which allows the hormope entry into the cir-
culation. LiQingstone (1975) repo;ted that moderate stimu-
lation of hormone release from the posterior pituitary is
acgompanied by increased blood flow and vasodilation.
Chronic dehydration in young rats leads to a\signif;cant
increase in the proliferation of capillary endothelial:
cells (Paterson and Leblond, 1977).

Nordmann.(1977) has classif;ed the ngural elements of
the posterior pitqitary into, (i) axonal swellings (non-
terminal-dilatgtions, containing neither microvesicles or
neurbtubles), (1i1i) axonal endings (;erminalldilatafions,
containing micrqvesicles but no microtubles) and (iii)
axons (undilated, containing neurotubles but no or very’
few microvesicles). Because of th; extensive akoﬁal sur-

faces contained within it, the posterior pituttary'would
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3

provide a naturally enriched source of membrane from which
to isolate neurosecretory surface antigens for use as
:immunogehs to prodﬁce MAbs. Because the sys;emiis so well
understood it seems ideally suited for the study of cell;

type~specific surface antigens.




METHODS AND MATERIALS

Preparétioh of Monoclonal Antibodies

The mouse monoclonal antibodies characterized in this

study were first produced by Paden-and Hapner (1983) in

this laboratory using a variation of a hybridoma technique

developed by Galfre and Milstein (1981). Immunogens con-

sisted of crude membrane extracts fixed with picric acid +

formaldehyde (Zamboni's A fixative) and isolated from

either adult Holtzmann rat posterior pituitary gland or

paraventriculdr nucleus (PVN). Table 1 summarizes the im-

munogens and immunization procedures emplovyed.

MAb

13-11A

11-1F
40-58B

16-5G

F5-26

Table

Immunogen

adult fixed
post. pituitary

adult fixed PVN

Immunization Procedure

in vitro activation using

‘immunogen suspended in

culture medium.

ip injection ‘of immunogen
followed after 10 wks. by
in vitro activation with

original membrane prep.

ip injection of immunogen
followed after 7 wks. by
in vitro activation with
original membrane prep.

1: Suﬁmary of immunizafion procedures.
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After an incubation period of 10-14 ﬂays; activated
splenocytes were fused with myeloma cells (cell line X-
63), resdspended in culture medium and dispensed into
culturé plate wells. Hybridoma angibody productiqn was
detected usihg an enzyme linked immunosorbent assay-
(ELISA) test (Parker, 1983) and positive wells were subse-

quently screened using indirect immunofluorescence stain-

.ing methods on vibratome cut sections of rat brain tissue.

Hybridomas producing'antibody that showed good staining
specificity on fixed whole pituitary or brain tissue were
further processed to produce an agcites fluid. Pristane,
an irritating substancé, was injected into the peritoneal

cavity of BAﬁB/Clmice7 days prior to the'injection of

) . .
1x10 hybridoma cells. Ascites fluid was tapped several

timég during the 7-14 days of tumér growth. The serum was
allowed to clot and was then centrifuged to remove eryth-
rocyte and collagen contamination. Finally, antibiotics_
were added and the fluid was stored at :(L

Following collection of ascites fluid, optimal working
dilutions for immunocytochemistry were detérmined for each
tap (ascites fluid dilutiSn expgriments for MAb F5-26 were
conducted before this study began, therefore my experi-
ments were confined to pituitary specific MAbs only).
Adult Holtzmann rats were perfused transcardially for 5
minutes with a saline rinse then 9 minutes with Zamboni's

A fixative (4.6% formaldehyde + 157 saturated picric acid
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in .1M sodium phosphate buffer pH 7.3). The brain and
whole pituitagy were removed and ﬁost;fixed in the same
fixatrve.overnight at ; C. Tissues were then embedded in
Tissue—-Tek O.T.C. Cgﬁpound, cooled to -26 C and éectioned
(15 um) in a cryostat at -26 C. Sections were thaw—-mounted
and air dried on gelatin-chromium potassium sulfate (sub-
bed) treated slides. Sections were stained with an in@i—
rect 1mmunof1uore§cence staining procedure (see appendix).

Ascites fluids collectéd at different times which de-
monstrated similar optimal working dilutions were pooled,

diluted 1:10 in PBS, sterile filtered and stored at 4 C.

Experimental Approach fof Deferminingthe
Staining Characteristics of MAb F5-26

To ascertain the location of the antigen recognized by
MAB F5-26, both nervoqé and non-nervous tissues were exam-—
ined. Brain, heart, k;dney, liver, smooth muscle, skele-
tal muscle, adrenal gland, ovary and testis were examined
b§ light micfoscopy ;o determine specificity to different-
non—nérvous tissues. Normal mouse ascites fluid (NSI) was
ﬁsed as a negative controlnto,determine background levels
of nonspecific staiﬁing. Fixation and perfus;on techniques
used were as previously described and tissue sec;idns were
cut at 50 um on a vibratome. A combinafion of fluorescence
and peroxidase immunocytochemical ;ecﬁniques‘were employed
t6 examine central nervous system (CNS) versus peripherél

nervous system (PNS) specificity. To enhance the specific




'17
staining while reducing background, the avidin-biotin
complex (ABC).method of‘immunoperoxidase staining, devel-
oped by Hsu et ali, (1981) and obtained frothector Inc.,
was employed (see appendix).

The survey of CNS and PNS étructures was conducted using
the ABC immunoc?toghemical procedure as described in the
appéndix. Areas of the CNS examined included hippocampus,
reticular formation, thalamus, hypothalamus, caudate/
putamgn, nucleus accumbens, amygdaia, several cramnial
nerve nuclei and spinal cord. Are;s pf the PNS examined
included guﬁerior ceryical ganglia, dorsal root ganglia,
Auerbach's plexuses and Meissner's plexuses. The small
size of these tissues required that they be embedded in
egg albumin before being cut into 50 um sections on a
vibratome and stained using the ABC method.

Indirect immunofluorescence téchniques were used to
determine if all neurons possess the antigen recagnized by
MAb F5-26. Fixed tissues were taken from Holtzmgnn rats
and 1nc1uded cerebral cortex, cerebellum, brainstem, cer-
vical, thoraéic and lumbar spinal corq and dorsél root
ganglia. |

Transmission electron microscopy (TEM) was used to
localize the antigen at the ultrastructural level in adult
Holtzmann rat cerebral cortex. In order to best preserve
tissue ultrastrﬁcture, fixation of tissue for this study

used a 4% paraformaldehyde + .05% glutaraldehydé + .02%
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calcium chloride (P/G) solution (0ldfield et al., 1984)..
Becausé background staining ig not a serious problem in
TEM studies, pretreatment with normal goat serum is not
required. To enhance penétrationAof fhe primafy antibody
without severely Aamaging the cytoarchitecture, .02% sapo-
nin replaces .1% triton X-100 in the primary antibody
solution (Oldfield et al., 1984). fissue secEions were
stained usiné the same ABC immunocytochemical procedures
described for light microscopy. In additiom, after the DAB
reaction pfocedure has been completed, specimens were
further processed for fEM examination by osmification,
dehydration and embedding of the .tissue in Spurr's resin
prior to being cut on the uitramicrotome (seg appendix}.
Experimental Approach‘to Determine the Staining
Characteristics of Pituitary Specific MAbs'

Experiments were designed to determine which of the MAbs
showed specific, consistent and repeatable electrom mi-
croscopic staining patterns.

MAbs 13-11A,.11-1F, 16-5G and 40-5B were applied to
Zamboni's A fixed adult rat whole pituitary tissue, using
both the indirect.1mmunof1uorescent and ABC immunocyto-
chemicallprocedures previodsly described, and examined in
the light microscope. These experimenps were used to de-
termine MAb specificity, and to some extent ultrastructur--
al localization of antigen wighin the pituitéry tissue

alone. Ascites fluid from myeloma cell line X-63 and
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normal mouse ascites (NS1) were used as negative controls
to establish background staining levels.

A variety of tissues were examined to determine if the
antigens recognized by these MAbs are restricted to pitui-.
tary tissue. P/G fixeq adult rat liver, kidney, brain,
heart, ékeletal muscle and smooth muscle -were examined.
Immunofluorgscence methods applied to cryostat tissue
sections and ABC technique using vibratome sections were
used.

Fihally, a study of the ultrastructural localization of
the staining seen in the light ﬁicroscope was undertaken.
MAb 40-5B was dropped from this series of experiments
because of péor staining characteristics observed in the

light microscope. The TEM procedures used were the same as

‘those employed to examine MAb F5-26. In addition, two -

variations of the original protocol were used to enhanqe

the penétration of primary MADb into tissue sections. Sec-—

tions were incubated in 50% ethanol with three-ten minute

changes followed by six-ten minute rinses in flM NaP0O4 as
a pretreatment prior to incubation of tissue in primary

antibody. In this experiment .02%7 saponin was eliminated.

" The second variation calls for the addition of .02%

'saponin to all reagents and rinses up to and including the

avidin-biotin complex. This step is followed by several

vigorous rinses in saponin-free .1M NaPO04 buffer prior to

C
incubating the tissue sections in the reagent containing
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Ethanol Pretreated Tissue

MAb . 13-11a- 16-5B © 11-1F X-63 ascites
Tissue Ant. Post. Ant. Post. Post. only Ant. Post.
#caps cut 2 6 0 "2 o2 3 5
#caps exam. 2 2 - 0 2 2 3 5
#pos. caps O 1 0 1 0 0 0

Saponin Treated Tissue

MAb' 13-11a4 16~5G 11-1F X-63

Tissue Ant. Post. Ant. Post. Post. only Ant. Post.
#caps cut O. 1 o 0 0 3 .3
#caps exam. 0 . 1 -0 0 0 3 3
#pos. caps O 0 0 0 . 0 4 0 1

~

Original Saponin Protocol

MAb ©13-11A 16~5G 11-1F X-63
Tissue ‘ .Ant..Post. Ant.. Post. Post. omnly Ant. Post.
f#fcaps cut 0 6 0 8 . 8 3 3
#caps exam. O 6 0 8 . 8 3 3
#pos. caps 0 b 0 1. 1 0 2

Table 2: Summary of TEM tissue preparation and examina-
tion. Tissue samples were prepared with three different
TEM protocols then were cut and examined. Tissues were
prepared by either pretreatment in 50% ethanol, addition
of .027% saponin to all immunocytochemical reagents and
rinses up and including the ABC reagent or using the
original protocol. The number of Beem capsules containing
tissue that stained is also listed.
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DAB. Table 2 provides a summary of the number of Been
capsples containing tissue samples that were prepared

using the three differemt protocols.
Analysis

Light microscopic examination of tissue sections
stained with immunofluorescence and immunoperoxidase ﬁé—
thods were examined with ; Zeiés Photomicroscope and an
Olympus BH-2 light microscope. Transmission electron
microscopic examination énd photographing-of ultrathin
tissue section grids waé done yith a Zeiss EMiO/CR elec—

tron microscope operated at 60kV with a typical range of

magnification of 1200x to 15,000x.
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RESULTS
MAb F5-26 Light Microscopic Evaluation

The distribution of MAb F5-26 staining of nervous and
non—-nervous tissue revealed b§ light microscopy is sum-
marized in Tabies 3 and 4. Neurons in ali areas of the
central and peripheral nervous systems which were examined
exhibited immﬁnoperoxidase staining localized in the nu-
cleus, but not fhe nucleolus, and to a lesser and more
variable extent the cell cytoplasm (fig.l). The_appearanbé
of the reaption-produét differed with different fixation
procedures.lThe reaction pfoduct present in the nuclei of
rat brain tissﬁe‘fixed in Zamboni's A fixative appéars
dark brown and agranular. Brain tissue fixed in paraform-
aldehyde + glutaraldehyde (P/G) presenté a slightly dar-
ker aﬁd more punctate appearancé. Staining of cytoplasm
appeared much weaker and little or no difference was seen
in tissue fixed with either solution.

As shown in Téble 4, the oﬁly staining observed in
non—-nervous tissue was in theladrenal gland gnd oocjte
(fig.2). As with nervous tissue, nuclear staining was
évident in both while the nucleolus remains clear. Cyto-
plasmic immunoreactivity may be present, but is hard to
differentiate from background staining.

The adrenal gland shows variation in staining within




23

20

Figure 1: Light micrograph of MAb F5-26 Immunoperoxidase
staining of thalamic neurons. Micrograph (a) shows the
darkly staining nucleus, clear nucleolus and lightly
staining cytoplasm. Negative control micrograph (b) is
thalamic tissue incubated in NSI (normal mouse ascites)
at the same dilution. Tissue fTixed iIn Zambonils A;

ABC immunoperoxidase method; scale bar In um.
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Figure 2: Light micrograph of MAb F5-26 immunoperoxidase
staining oocyte (@) and adrenal cortex (b) cell nuclei.
Note non-staining nucleolus iIn oocyte and several staining
erythrocytes (arrows) due to endogenous peroxidase
activity. Tissue Ffixed with Zambonl®"s A solution; ABC
immunostaining method ; scale bar iIn um.
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Central Nervous System

cerebral cortex
thalamus o
caudate/putamen
globus pallidus
amygdala .
nucleus accumbens
central grey
hippocampus
reticular formation
cerebellum '
cranial nuclei 5,7,10,12
medulla ‘
spinal cord

Peripheral Nervous System‘

superior cervical ganglion
dorsal root ganglibn
Auerbach's plexus
Meissner's plexus

Table 3: CNS . and PNS areas exhibiting nuclear and
cytoplasmic immunostaining with MAb F5-26. Tissue fixed
with Zamboni's A solution and stained with ABC
immunoperoxidase methods.

. Staining
Tissue type Nuclear ) Cytoplasmic

heart - ' ’ -
kidney - -
liver . . - -
smooth muscle Co- _ -
skeletal muscle - -
testi . - . -
ovary-oocyte ++ -

granulosa cells : - -
adrenal gland ‘

zona glomerulosa ) +++ +
zona fasciculata + +
zona reticularis - -
medulla ++ +

pituitary—-anterior : -
posterior : -

Table 4: Distribution of MAb F5-26 immunostaining of
non-nervous tissue. Tissue fixed with Zamboni's A
solution; ABC immunoperoxidase method. ’
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the cortex as well as between cortical and medullary
.regions. Within the cortex, the zona glo&erulosa demon-
strates'ﬁhe greatest number of stained cells followed by
zona fgsciculata which shows relatively fewer positive
cells. The zomna reticularus, examined in several tissue
sections, shdwgd few or no stained cells. The adrenal
medulla also contained immunopositive cells.

Within the ovary, the on1§ cells stained were oocytes
in secondary follicles. Staining of nﬁclear material was
quite clear though cytoplasmic staining was difficult to
detect above:non-specific background.

The experiments deéigned to determiﬁe whether or not
all neuronal nucleil are immunoreactive failed for techni-
cal reasons. This study involved cutting 1l5um sections of
tissue from both the Eentral_and peripheral nervous sys-
teﬁé with the cryostat. All tissues examihed were qbtainéd
from Holtzmann rats and fixeq in Zamboni's A solution.
Tissues examined showed ﬁeither qucleaf or cytoplasmic
staining regardless of whether fluoroscein or ABC ﬁroce-
dures were used. This would seem to indicate that the
antigen specified by MAb F5-26, or other assoéiated pro-
teins, are susceptible to denaturation when exposed to
temperatu}eé of j26 c followéd by thawing. _

In summary, ail subpopulations of nerve cells examineéed

"in the central and peripheral nervous systems demonstrated

staining in both nuclei and cytoplasm. There was no
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indication that aﬁy non-neural elements of the brain or
spinal cord exhibit specific staining abové background
levels séen in negative controls.
TransmissionlElectron Microscopic (TEM) Sfaining
"Characteristics of MAb F5-26

Large neurons from the cerebral cortex had peroxidase
reaction product associated with chromatin fibers
(fig.3a). The precipitate was not associated with every
strand of chromatin, but father with a few strands éistri-

buted throughout the nucleus. Staining of the cytoplasm

was not evident in the electron micrographs.
Pituitary MAD Dilutioh Experiments

These experiments were designed to establish optimal
working dilutions fof plituitary specfic MAbs. The results
indicated that two working dilqtions.were‘oﬁtimalz 1:500 |
and 1:250 for tissue fixed in Zamboni's A and examined in
the liéht microscope, and a more concentrated 1:50 dilu-
tion for P/G fixed tissue to be examine@ py TEM. One
exception to the latter concentration is MAb 13-11A which

was diluted i:250.
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Figure 3: Electron micrograph of MAb F5-26 staining (@)
and negative control (incubated in NSI normal mouse
ascites) non-staining (b) cortical neurons. Electron

dense particles indicate the assocation of MAb F5-26 with
chromatin fibers (arrows). The absence of Immunoprecipi-
tate iIn 3b indicated that staining in 3a was the result of
MAb F5-26 association with the antigen. Tissue fixed in
P/G; ABC immunoperoxidase method; scale bar equals 1 um.
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Light Microscopic Examination of Zamboni's A and P/G
Fixed Pituitary Tissue
The.first.series of experiments involved .the sFaining

of 30 um thick sectioﬁs of Zamboni's A fixed pituitary and
brain tissue with hybridoma culture SUpernatanf and as-
cites fluid. A suﬁmary of Fhe staining patterns observed
is presented in Table 5. The ascites fluid and culture
medium supermnatant for each MAb demonstrated similar
staining characteristic;. MAbs 11-1F and 16-5G as ﬁell as
ascites - fluid from myeloma line X-63 had the greatest
specificity to pgsterior pituitary tissue. MAbs 13-11A and
40~-5B showed somewhat weaker staining in the posterior
pituitary. Adterio; pituitary lobe staining was.weak for
all MAbs apd X-63 ascites fluid. The'intermediate lobe was
not stainéd by any of the MAbs or X-63 agcites fluid and
normal mouse ascites fluid (NSl)'was negative on all
tissues. .

All MAbs and X-63 supernatant showed some degree of
cytoplasmic staining of brain neurons while NS1 did not.

fable 6 summarizes light microséopic staining specific-
ity of MAbs, X-63 ascites fluid, and normal mouse ascités
fluid directed at P/G fixed pituitary and brain tissue
(figs. 4 and 5).

In general the precipitaﬁe was darker and more granular

on tissue fixed with P/G. Vacuolated structures were noted

in posterior pituitary tissue and was attributed to the
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Figure 4: Light micrograph of pituitary tissue. Posterior
lobe (pi) and intermediate lobe (11), immunostained with
MAb 16-5G (A), MAb 11-IF (C) and X-6 3 ascites Tluid (B).
Note that immunoperoxidase staining (arrows) 1is restric-
ted to the posterior pituitary lobe. Tissue fTixed iIn P/G
solution; ABC immunoperoxidase method; tissue sections
30 um; scale bar equals 30 um.
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Figure 5: Light micrograph of pituitary tissue. Posterior
lobe (pi), and intermediate lobe (11) iImmunostained with
MAb 40-5B (A), MAb 13-11A (C) and X-63 ascites fluid (B).
Note that Immunoperoxidase staining (arrows) 1is restric-
ted to the posterior lobe. Tissue fixed in P/G solution;
ABC immunoperoxidase method; tissue sections 30 um; scale

bar equals 30 um.
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MADb Posterior Inter. Ant.

13-11A filigree background‘ - Weak cytoplasmic
.with some punctate staining; moder-
groups throughout; ate background
some staining : staining.

around capillaries-.

16-5G positive staining - "
around capillaries )

and breaks In tissue.

11-1F weak amorphous - some staining
staining across around holes in
entire lobe. ‘ tissue.
40-5B ' " ’ Co- weak amorphous
‘ staining.
X-63(%)

ascites heavy filigree - -
background. = ' )

super. .- - - ‘ -
NS1(*) - - -
Table 5: MAb specificity to Zamboni's A fixed posterior,
intermediate (inter.) and anterior (ant.) pituitary 1obes.

ABC immunoperoxidase method; supernmatant and ascites
fluid. (* normal mouse controls).

interaction of TEM immunocytochemical reagents with lipid
droplets located within pituicytes. Again, X-63 ascites
fluid produced a heévy filigree st;ining pattern within
the posterior pituitary and no staining of intermediate
or anterior lobes. NS1 treated tissue did not stain. It
was assumed that the similarity in staining seen in tissue
fixed with both solutioné indicated that thé immunogen's
antigenicity was maintained..In,éddition, the intensity of

background staining of P/G fixed posterior pituitary tis-
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sue was concentration dependent. Intensity of background
staining decreased 'with increasing dilutions of ascites
fluid (1550 to 1:500) in all cases.

- Non-nervous tissue fixed with P/G solution was also
examined, using each MAb applied to cryostat tissue sec-
tioﬁs.and immuﬁofluorescence étéining techniques. Adult
Holtzmann rat 1;ver, kidney, heart,‘ékeletal muscle and
smooth muscle were examined and no staining was detected

for any of the MAbs. Zamboni's A fixed posterior pituitary

MAbs Posterior Inter. ' " Ant.

13-11 vacuolated struc- weak cytopl. weak nuclear
tures; some pitui- . staining and
cyte nuclear stain- - weaker back-
ing; variable back- . ground.
ground. .

16-5G vacuolated struc- - "

tures; some other
weakly staining
structures.

11-1F weak amorphous - ) " weak amorphous
- ) staining. ’

40-58B weak amorphous - -
with vacuolated )
structures.

X-63(%*) .

ascites heavy filigree - -
only background. . '

NS1(*) - - -

Table 6: MAb specificity to P/G fixed posterior, iunter-
mediate (inter.) and anterior (ant.) pituitary lobes. ABC
immunoperoxidase method; light microscopic examination;
ascites fluid and culture medium supernatant; (* normal
mouse controls).
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cryostat sections incubated in MAb 11-1F were used as a

positive staining control.
Selection of Pituitary MAbs for TEM Examination

Light microscopic examination of P/G fixed posteniér
pltuitary tissue incubated with MAbs 13-11A and 16—5G
deqonstrated sufficiently intense staining to include them
in the TEM study. MAb L1-1F, though showing weak ABC
staining of posterior pituitary tissue fixed in this man-
ner, was also included in this study due to its strong and
specific stainiﬁg on Zamboni's A fixed tissue in immuno-
fluorescence experiments. MAb 40-5B, which demonstrafed
only weak stéiﬁing, was eliminated from the study.

TEM Examiﬁation of Pituitary Structures Associated with
Peroxidase Reaction Product

Neither anterior or 1ﬁtenmediate lobes of the pituitary
showed any signs of regction pfoduct'with any of the MAbs
utilized. The staining of ﬁosterior pituitary tissue was
of three .types: (1) precipitate asgociated with the ;umi—
nal mémbrane of fenestrated endothglial cglls (fig.6),
(11i) staining aésociated with perivascular cell fqof pro-
cesses (fig.7) and (i1i) staining associated with the
tattered edge of tissue sections. MAbs 13-11A, 16-5G énd'
X-63 asc;tes showed immunoreactivity on pituitary tissue
ﬁrepared with the original protocol that included endo-

thelial, perivascular and edge staining (table 7). TEM
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MAD Posterior R ~ Anterior

13-11A . endothelial, perivascular not examined
and edge staining

16-5G edge staining no staining
11-1F endothelial and edge ‘ not examined
X-63(*) endothelial,perivascular no staining

and edge

NS1(*) no staining no staining

Table 7: MAb specificity to P/G fixed pituitary tissue.
Tissue prepared with the original TEM protocol; ABC
immunostaining method; ascites fluid; (¥ normal mouse
controls). '

.

verified immunoperoxidase reaction product on tissue incu-
bated in X-6$ ascites fluid. This result, im conjunction
with light microscopic examination that.showed strong
staining of posterior pituitary by X-63 ascites fluid
(table 6),_suggested that the TEM staining obsefved with-
different MAbs was artifactual..Because étaining could
possibily be restricted to the Eisshe surface, the
possibility was considered that the observed staining was
analogous to an edge artifact. To insure interaction of
MAbs with any antigens located beloy the surfacé of the
tissue, two variations of the original TEM protocol were
used to enhance primary antibody penetration.

The first variation called for the addition of .02%

saponin to all reagents and rinses. This change lead to-

additional staining of posterior pituitary incubated in
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Figure 6: Electron micrograph of pituitary tissue Incubat-
ed In MAb 13-11A. Micrograph (a) shows precipitate as-
sociated with the luminal membrane of fenestrated capil-
lary endothelial cells in the posterior pituitary (ar-
rows). Tissue incubated In X-63 ascites fTluid (b) also
shows [Immunopreclpltate associated with the luminal sur-
face (arrows). ABC Immunoperoxldase method; tissue Tixed
with P/G; ascites fTluid; scale bar equals 1 um.
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Figure 7: Electron micrograph of pituitary tissue incu-
bated in MAb 16-5G. Micrograph (&) shows reaction product
(arrows) associated with perivascular cell foot process in
posterior pituitary tissue. Pituitary tissue incubated
with X-63 ascites fluid (b) also shows precipitate
associated with perivascular cell foot processes (arrows).
Tissue Tixed with P/G; ABC immunoperoxidase method;
ascites fTluid; scale bar equals 2 urn.



MAb

13-11A

saponin

ethanol
16-5G
saponin
ethanol
11-1F
saponin
ethan61
X-63(*)

saponin

ethanol
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Posterior

endothelial, perivascular
and edge
edge

endothelial, perivascular
and edge

endothelial, edge

no étaining

endothelial, perivascular
and edge

no staining

Anterior
not examined
no staining

not examined

no staining

Table 8: MAb specificity to pituitary'tissue prepared
with .02% saponin in all reagents and rinses or pre-
treated with 507 ethanol. P/G fixed;

method;

ABC immunoperoxidase

ascites fluid; TEM examination; (* normal mouse
¢ontrol). :

MAb 16-5G and to a general increase in background stain-

ing.

’

The second change in the protocol called for elimina-

tion of .02%Z saponin froﬁ primary antibody solutions and

pretreatment of tissue sections with ethanol washes

(Liewellyn-Smith et al., 1983). Though this procedure dra-

maticélly reduced background staining while increasing

‘damage to cellular ultrastructure, it did not reveal any

new staining patterns (see table 8).
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In summary, examination of posterior, intermediate and
anterior lobes of the pituitary wiph the TEM and using the
procedurés described above failed to .reveal any MAb speci-
fic reacfidn product. Upon reaching this'conclusion, an
additional experiment was conducted to determine if the
P/G fixative destroyed the anéigenicity of the molecules

recognized by MAbs 13~-11A, 16-5G and 11-1F.

MAbDb ' Posterior Intermediate E Anterior
(2) (P/G) (z) (P/6) (z) (P/G)
13-11A ++ - - - - -
16~5G ++ - - - - + -
11-1F +++ - - - + -
40~5B - N/a - N/A + N/A
X-63 - - - - - o

NS1 - -. - - - -

" Table 9: Distribution of indirect immunofluorescence

staining on Zamboni's A fixed (Z) and P/G fixed whole
plituitary tissue sections. All sections were incubated
in primary antibody prepared with ascites fluid. N/A
indicates that the tissue was not examined. '

The three MAbs were applied to 50 um cryostat sections of
Zamboni's A and P/G fixed pituitary tissue and compared
with the light microscope using the indirect immunofluo—
rescence method..The results are summarized in Table 9 and
indicate that the P/G solutioﬁ did indeed severely reduce
the antigenicity of the tissue. Tissue fixed with Zambo-

ni's A exhibited the identical distribution of reaction
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product as previously described while P/G fixed tissue did

not stain.
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DISCUSSION

ABC immﬁnoperoxidase stain?ng and light_microscopic
.examination of MAb F5-26 binding in the CNS and PNS showed
consistently repeatable staining of neuronal cell nuclei,
but not nucleoli, and celi cytoplasm of all areas examined
and was resfrigted to nervous tissue. Non-nérvoug tissue
did not stain positive with the ABC methéd, Qith the
exception of nuclei of oocytes and adrenal cortical_énd
medullary cells. A réview of the literature regarding
neuronal nuclear proteins failéa to_reyéal any proteins
exibiting sﬁcﬁ a resqpicted and unique.distribution;

The sqéining characteristics of MAB F5-26 on cryostat
tissue ;ectiong were also unique. F5-26 provided the most
consistent staining pattern qf all the MAbs that were
examined in this study. This heid true only for vibratome
cut tissue.;tained with ABC immunoperoxidase.anq fludres;'
cence techniques while cryostat cut tissue did not stain
when treated with either technique. Appparently, freezing
the tissue at -260 prior to cutting,féllowedby fhawing
and &rying of the sections, affects the'antigepfcity of
-the tissue. Isolation of the antibédy by immunobldfting,
which employed unfixed brain tissue homogenate frozén té
-26 C, did provide for identification of both the 44.5 and
42kd bands of MAb F5-26 each time it was attempted. This
appears to'indicate that freezing.does not interfere with

the antigenic properties of the unfixed protein. It 1is ’
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possible that fixed tissug responds differently to
freezing thgn does non~fixed tissue. However, it szt be
kept in mind that the unfixeq tissue which exhibited
‘sufficieht antigenicity for the SDS éels and western blot-
ting wés never dried as were the cryostat sgctions. Alter-
‘nat1§e explanations for the loss of 1mmunoreéctivity in
cryostat sections must 1nciude the effect of freezing and
thawing on other closely associated proteins. Perhaps
these prbcesées change the characteristics of associated
proteins in such a way as to mask thé antigenic sité.

Alternat;ve methods_of drying tissue (e.g. in a vacuum
or under dry nitrogen gas) may provide clues to the
mechanism reéponsible for this loss of antigenicity. In
one experiment, the cut cryostat sections were pléced in
incubating welis and processed similarly to vibratome .
sections rather than dried. The.result was extremely heavy
background, apparently due to extensive tissue damage.

The quéstion of whether the F5-26 antigen 1is present

in all nerve.cells remains unanswered. The purpose of fhe
cryostat study‘was to cut tissue thin enough to determine
if all ndclei in the section were stained. Since the
conclusion of this study several alternative methods of
thin sectioning have been tried by other investigators in.
this laboratory without suécess. Tﬂus this problem remains

unsolved and must be the focus of future experimentation.

The transmission electron microscopic (TEM) study of
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rat cerebral cortex neurons shows that the reaction pro-
duct of MAb F5-26 1s associated with some, but nétall,
chromatiﬁ fibers. However, TEM examination failed to asso-
ciate the staining with any specific organelle in the
cytoplasm despite its localization there in light.micro-
scopic studies. This may indicate that the antigen found
in the cytoplasm is associated with free ribosomes or
simply dispérsed freeiy'about the cytosol at a concentra-
tion too low to be detected with the TEM methods.

Proteins have been ideqtified that serve stpuctural
functions:in the higher order organization of chromatin
fibers while others act to représs and derepress gene
Activity. The specific function of the protein épecified
by MAb F5-26 can not be determined u;til its exact amino
acid sequence is determined and 1£s ihteraction with sur-
founding molecules is ﬁhders;ood.

SDS gel electrophoresis followed by western immuno-~-
blotting was ﬁerformed by other investigators in our
laboratory (Hapner and Paden, 1984) and has revealed two
protein bands recognized'by MAb F5-26. Analisis of whole

brain homogenate produced 44,500 and 42,000 dalton bands

"while a nuclear fraction from the homogenate revealed only

the 42,000 dalton band. Two hypotheses can be formulated
to explaiﬁ this pattern. First, MAb F5-26 may recognize an

antigenic determinant present on two different protein

molecules having similar molecular weights. Second, the
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possibility exists that MAS F5-26 recognizes two forms of
the same polypeptide, a precursor form presumably manufac-
cufeq in the cytoplasm and a mature form wh;ch accumulates
in the nucleus'and ass;ciaces.itsélg with’chromatin fi-
bers. There is evidence that many large precursor proteins
destined fdr.membrane bound organglles exist in the cyto-
plasm for‘varying lengths of time before insertion ingol
the 1lumen or ﬁembfane of thg_organeile'and subsequent
érqcessing into the mature form (Hagilik_and Neupert,
1980; Sabatini et al., 1932; Blobel, 1982). "Signal se-
quences” have been most Ehoroughly studied in the case of
nascent proteins destined for mitochondria or chloro;
plasts. Many-of these proteins are coded for by nuclear
genes, synthesized on free polysomes and released into the
cell cytoplasm prior to uptake by specific organelles
(Chua and Schmide, 19}9; Grossm#n et al., 1980; Nelson and
Schatz, 1979). Upon ehtry into the organelle the precusor
protein is‘acted upon proteolytically, cleaving thg signal
or address sequence, and forming the mature protein.

Proteins produced_in the cytosol aﬁd ultiﬁately des-
tined for the nucleus have been studied. Currently two
hypotheses are used to explain accumulation‘and seques-—
tering of proteins w1£hin the nucleus. The first model
assumes that proteins diffuse’ freely across the nuclear
membrane and subsequentiy bind to a nondiffusable sub-

strate within the nucleus (DeRobertis, 1983). The second
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model cdlls for selective transport of pfoteins across
the nuclear envelope (Hall et'aln 1984). It is clear
that smail polypeptide molecules can diffuse across the
nuclear membrane. However, the diameter of nuclear poreé
(455) limits the size of molecules capable of passage
(maximum 70kd), thus excluding many large nuclear pro-
teins.

It appears possible, then, that the 42,000 and 44,500
dalton bands represent two forms of the immunogen, a
matufe nuclear form and a larger cytoplasmic—precursor
f;rm containing-a "signal” sequence. Iﬁ order to test this
hypothesis, the amino acid sequence of the twp.protein
bands must bé determined to show that the proteins are
identical except for the 2500 dalton fragment. Should th;s
be the case, the 2500 dalton difference between the two
molecules may contaiq enough 1ﬁformation to function as a
"signal” sequenéé.

Dobberstein and‘assoéiates (1979) reported that the in
vitro synthesis of nascent mouse H2-D histocompatability
antigen in the absence of membranes produced a polypeptide
1000-2000 daltons larger than the mature form. This na-
scent polypeptide was cépablé of cotranslational insertion
into ER membrane and it is inferred that the transient
cotranslational insertion signal is contained in this
precursor protein. Likewise, Hall (1984) reported.that

only 13 N-terminal amino acids of yeast nuclear protein




I46
alpha-2 are'réquired to guidé B—galactosidase into the
nucleus of the Xehopus oocyte. The size of this address
sequence'is less than the 2500 dalton differeﬂce between
the two .protein bands of the F5;26 specific antigen.

A question which has ariseﬁ from this discussion is why
would a neuron specific nuclear‘protein ﬁanufactured in
the cytoplasm have such specific signal sequences which
are cleaved following entry into the nucleus whilé nuclear
proteins in other tissues presumably would contain
internal (permanent) signals (DeRobertis, 1983). Thfs dif-~
ference may be related to the fact that mature neurons do
not divide while most other ceil types'do. Once the pro-
tein has eptéred'the neuronal nucleus it can shed the
egtra sequences becauseit‘will not have to enter the
nucleus again following mitotic division. Nuclear proteins
ffom other tissues must have‘the capablility to f£find and

re-enter the nucleus.
Pituitary Monoclonal Antibodies

The primary objective of this study was to determine
specificity of thelfour pituitary MAbs examined. Not
unexpectedly, the pattern:of staining proved to be depen-'
dent on soth the fixétives and the 1mmunocypochem;ca1
procedures used. The experimental data reveal how minor
changes in individual reagents caﬁ alter antibody specifi-

city and non~specific precipitate distribution.
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Examination of Zamboni's A and P/G fixed cryostat sec-
tions, incubated with each MADb and X-63 ascites fluid aﬂd
stained ﬁith‘imaunofluorescent methods, clearly revealed
staining'of the tissue_fixed'ﬁith Zamﬁoni's A'and no
staining of ;1séue fixgd~with P/G. The X-63 ascites.fluid
negative control did not stain imn Zamboni'é A whereas all
P/G fixed tissue demonstrated a general non-specific in-
crease 1in background stainiﬁg.

These data indicate that P/G fixation alters antigeni-
city of the tissue sufficiently to render it undetectable
under thesg conditiong. Two possible explanations for
this phenomenon include destruction or masking of the
antigenic site or destruction of fluorescence'activify by
fixation with P/G. In order to minimize the latterlpossi-
bility, tissue sections were rinsed extensively in sodium
phosphate buffer prior to incubation in the -primary anti- -
body. The specific staining of Zamboni's A fixed tissue by
MAbs 13-114, 16-5G a;d 11-1F under these conditions indi-

cate that the antibodies are capable of recognizing their

- respective antigenic sites.using this experimental ap-

proach.

Considered together, the TEM and LM experiments suggest
that the staininé observed when employing tissue-fixed
with P/G is artifactual. Pituitary tissue incubated with
MAbs 13-11A, 16~5G and 11-1F had immunoprecipitate

associated with vascular and perivascular elements as
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well as with the tattered edges of tissue sections. The X-
63 ascites fluid, used as a negative control{ showed a
reaction'préduct aséociated with the same structures.

If, as the fluorescence study suggesté, no immunoreac-
t;ve antigen remains in tissue fixed with P/G, then what
i's t:he_'basis for the LM and TEM staining observed on P/G
fixed tissue ﬁrocessed with the ABQ‘method?

One possible explanation for the loss of antigenicity
is that the tissue antigenicity is intact and the problém
is simply a lack of sufficient penetraFion of the MAb into‘
thé tissue. Attempts were made to enhance penetration.of
the monoclonal antibodies by including a 50%Z ethanol
pretreatﬁent-as well as addition of .02% saponin to some
reagents. These changés resulted in dec?eased background
staining of tissué treated with'ethaﬁol and an increase in
background staining of .02% saponin treated_tissue,_but no
new specific stainfng was observed.

Although TEM étudy of the tissue indicated tﬁat there
is no appfeciabie increase in antibody penetration with
either method, light microscopic staining characteristicsl
were affected by saponin. Brain and pituitary tissue |
treated with saponin had increased staining intensity of
posterior pituitary, corpus callosum, anterior commisure,
internal caﬁsule and other structures possessing high
axonal density. These data indicate that an interaction of

saponin with - axonal elements may be a possible’ factor




49
rééponsible for the "specific” staining of posterior
piﬁuitary tissue (65-707% of its volume 1is axona15 when
compared‘to the intermediate and anterior pituitary lobes.
An exhaustive TEM study of axonal elements found in the
posterior pituitary failed to reveal any specific reaction
product other than that associated with tattered mem-
branes. The presence of saponin in reagents may act not
onlyaé'anaide inantiboaypenetrationbut may also mask
the more specific staining observed in fluorescence
treated cryostaf sections fixed with Zamboni's A.

Edge stalning is a very common artifact tha; occurs
as a result of damage inflicted upon tissue when it is cut
prior to staining. One or more of the reagents and or
antibodies appeared tq be bound non-specifically to the
tattered surface. This kind of staining was noted in
negative control sections and similar staining seen in
tissue incdbated.in the pituitary ﬁAbs is regarded as
artifact.

Perivascular cell foot process staining, present in
tissue stained with MAbs 13-11A, 16-5G and X-63 ascites
fluid, was associated exclusively with torn membranes. In
fact, fhere were several instances in which a single
process possessed torn sections which stained ajacent to
non—-staining intact membrane. It‘seems clear that mémbrané
damage is sufficient to explain the preseﬁce of immunopre-

cipitate on these structutres.
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All three MAbs and X-63 ascites fluid stained the lumi-
nal surface of endothelial cells, and this may be the
result of multiple factors. It is assumed that the luminal
surface hasaccéss to all reagents and MAbs even if the
cells ére located deep within the tissue sectioﬁ; Yet not
all endothelial cells in a given section‘stained, nor
could this type of staining'be‘bﬁserved in every pituitary
sectién examined. Simply stated, the eiperiments producing
this type of staining could not be repeated with any
éonsistency. One explanation for this variablilty couid be:
insufficient rinsing of the tissue sections between steps
of the protocol. Lack of proper rinsing could leave rea-
geﬁts in contact with the surface of the cell, resﬁlting
in non-specific binding ta the structure. Endothelial
stainiﬂg Wwas more common in tfssue treated with'saponin
than in tissue treated with ethanql, suggesting that sapo-
nin may be a contributing agent.

Another factor which may contribute to this pattern of
staining of endothelial cells is the presence of receptors
which fecogni?e the Fc portion of antibodies. Many‘inves-
tigators have documented the presence of such receptors'oﬁ
‘the luminal surface of tﬁe endothelial cell (for review
see Ryan and Ryan, 1984) as well as their affiﬂity for
various classes of immunoglobulin. Fc receptors are not
normally présent in great.numberé but their activation and

proliferation can be induced by cell lysates and various




51
V;rél infections (Ryan et‘alg‘1980 and 1981).

One possible scenério would allow for the presence of
one or more viral infections in our Holtzmann fat colopy..
A subsequent proliférafion of Fc receptors on all eﬁdo—
thelial cells would result in nqn-specific binding of
antibodies, including our MAbs, td the luminal surface'and_
a resulting immunoprecipitate lécalized thére, The enqo—
thelial staining observed in the TEM study Qas“restricted
to-the luminal sﬁrface,only and was absent from fenestra;
tions.

A number of experimenfs can be proposea whiéh may hélp
to solve the technical problems.implfcéted by this study.
First, a fixétive which dées not contain glutaraldehyde.
}et preserves antigenicity and tissue ultrastructure must
be found. A first sfep could be the_use-of Zamboni's A
solution for TEM study even though it is:not rqcommended
for electron microscopic use. The ultrastructure ma? not
be well prgserved but the possibility remains that ultra-
gstructural localization of the antigen could be accom-
plished. 1In addition, it would seem rational to try .the
original %/G fixative without glutaraldehyde.

A second possibility is the ﬁse of periodate-lysine-
paraformaldehyde fixative which pfima;ily stabilizes
carbohydrate moieties and has been éuggested as an aiter-
native to glutaraldehyde fixatives (McLean and Nakane,

'1974). The authors claim that it can preserve antigenicity
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as well as can paraformaldehyde apd ultrastructure as well
as can glutaraldehyde. Fixation experiments should screen
these fiiing solutions on both cryostat and fresh vibra-
tome sections using immunofluorescence methods. TEM fixa-
tives which produce a staining pattern similar to ghat
seen on tissue fixed with Zamboni's A should thén be
processed using ABC and TEM techniques.

To address the problem of insufficient antibody pene-
;ration into tissue sections, two techniques may be em-
ployed. First, since tissue incubated with antibody solu-
tion that contains saponin has too much non-specific
backgrouﬁd staining, alternative reagents for ehhancing
MAD penetration must be found. Triton X-100, used for
light microscopic study but generally eliminated from TEM
protocols due to the resulting ultrastructural damage, may
be wofth trying even if the ultrastructure is badly dé—_
maged. Another approach-to maximize penetration would be
the use of post-embedding staining techniques. Several
methods are évailable, of which thé Lowicryl method 1is
thought to be the least damaging to antigens (Valentino
and Crumrine, 1985). This technique allows for identifica-
tion of immunoﬁeroxidase reaction product on ultrathin
sections and would effectively sidestep the penetration
problem. It remains to be seen if the antigemnicity of

pituitary tissue can be maintained through the rigors of

tissue dehydration and embedding employed in this method.
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Reduction of the non-specific background staining would
be helpful in localizing antigeﬁé with the light micro-
scope. Pfetreatment of tissue séctioﬂs with normal goat
serum prior to application of the primary antibody may
help. In this ;aboratory pretreatment has effectively
reducgd non-specific staining on rat brain tissue sec-
tions. The present study did not eﬁpioy this method be-
cause it was thought that non—-specific staining would not
interfer with interpretation 6f TEM micrographs.

Finally, SDS gel electrophoresis and immunoblotting
experiments‘should be conducted to isolate the prbfeins
specified by thése MAbs. Positive results with these ex-
periments~woﬁ1d help to establish the specificity of MAbs
i3-11A, 16-5G and 11—1Fvbecause new MAbs coﬁld be raised
against tﬁe isolated broteins and thén pooled for greater

LM and TEM sensitivity.
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- APPENDIX

Experimental Protocols

Indirect Immunofluorescent Procedure for Light Microscopy

v -

All regents are diluted in .01lM phosphate buffered
saline (PBS) pH 7.40.

)

2)

3)

4)

5)

6)

rinse slides 2x10' in PBS with agit;tion.

primary antibody diluted i:ld, 1:50,1:100 and
12500 in PBS is applied to sections dropwise and
incubated at room température (RT) for 2 hours.
rinse slides 2x10' in PBS with agitation.

secondary fluorescein conjugated antibody

(Hyclone goat aﬂti—mouse Igs [polyvalent] #E-1081~-

A), is diluted 1:100 in PBS and applied to

.sections dropwise, incubate at RT for 60°'.

rinse sections 2x10' in PBS with agitatibn and
coverslip with 1:1 glycerol/PBS (pH 8.0).

examine in fluorescent microscope.

ABC Immunocytochemical Procedure for Light Microscopy

This immunocytochemical protocol for light microscopy uses
two buffering systems for rinses and antibody dilution:
PBS (pH 7.40) and .1M sodium phosphate buffer (NaPo04),

pH 7.40 ’

1) Rinse 50 um vibratome sections 2x20' in PBS

2) Pretreatment:

v

a) incubate sections with normal-goat serum at
1:200 diluted in PBS for 60' at RT.

b) rinse 2x10' in PBS.
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3) Primary antibody:
a) inéubate sections-overnight in primary
antibody 611uted 1:500 in PBS plus .1% triton
"X-100 at 4 C.
b) rinse 2x10' in PBS.
4) Secondary antibody:
a) incubate sectiopé in biotin-conjugated goat
anti-mouse antibody diluted 1:200 in PBS 60'

at RT.
b) rinse 2x10' in PBS.
5) Avidin-Biotin Coﬁplex:
ai mix 1:100 avidin réagent,lfloo in .1M NaPO4
'féllowed by an equal amount of biotin reagent
B.
‘b) let stand at RT 30' then incubate sections 90'
- at RT.
¢c) rinse 2x10' in .0lM NaPO4.
6) Dipminbbenzidine (DAB) color reaction:
a) mix .05.gr DAB in 100ml .1M NaPO4; filter in
dark.
b) add: .04 gr ammonium chloride
.2 gr B-D-glucose
.0003 gr glucose oxidase
¢) incubate sections in dark approx. 60' at RT;
d) rinse 2%x10' in .01lM NaPO4, (.1M sodium

potassium phosphate buffer (NakKP04) pH 7.25 for
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electroﬁ microséppic immunocytdchemistry).
f) Dehydration:

é) float sections onto subbed. slides and let air
dry o?ernight,(or dry on siide dryef at Sf C
2-3 hours).

b) dehydration in graded ethanol:

70%Z 1x10°?
95% 2x10°'
100%‘2x10'
xylene 2x10'

c) coverslip with Permount

ABC Immunocytochemical Procedure for Electron Microscopy

This immunocytochemical protocol for electron microscopy

is the same as the light microscopic protocol previously
described with the following changes: .1M NaP04 buf- )
fer (pH 7.40) instead of .0lM PBS was used throughout (ex-
cept where noted below). The following procedure begins
after step number 6 of the ABC procedure for light
microscopy. |

1) Examine tissue sections in the light microscope and
disseét areas of interest. Rinse 2x10' in LlM
NaKP04 (pH 7.25) buffer.

2) Incubate sections iﬁ 2% osmium tetroxide/potassium
ferricyanide prepared in .1M NaKPO&lbuffer for 55'.
at RT. Rinse 2x10' in .1M NaKPO&4.

3) Dehydration:

50% ethaﬁol 1x10"

70% . 1x10°
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957% B 2x1o0"
1007 N 2x10"
100% propylene oxide (P0O) 2x10°'
1:2 Spurr's resin/PO 1x30'; stir’
2:1 Spurr's-resin/PO 1x60'; stir
- 100% Spurr's resin 1x60'; stir

100% Spurr's resin overnight at ; c

4) Polymerization:

Place specimens in flat tip Beem capsules filled

with 100% Spurr's resin. Heat af 76 C 8 hours.

5) OPTIONAL: Post-ultrathin sectioning counterstain

with uranyl acetate (UA) and lead citrate (LC).

a)

b)Y

c)

d)

e)

ff

g)

h)

1)

6) Examine specimen in TEM.

ﬁilter UA (saturgted in 100%Z methanol) into
depressed slide. |

incubate tissue grid 5°' at.RT.

rinse in graded'mgthanol 10 seco;ds eéch:
100%,90%,70%,50%,30%,15%,f1ltered sterile H20.
blot excess H20 and 1e; air dry. -

put 3 drops LC oﬁ waxed petri dish éontaining
a few pellets of NaOH.

incubate grid speciman side down 3' at RT.
rinse 10 seconds each with .02N NaOH (CO2 free)A
solution.

rinse 10 seconds with sterile fil;ered H20.

blot and let air er.
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