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ABSTRACT

Nucleoli purified from HeLa cells were spread by homogeni-

zation in low ionic strength buffer and by chelation of divalent
cations. The antigenic determinants of these tumor nucleoli that
are shared by normal liver nucleoli were masked by addition of
rabbit anti-liver nucleolar antisera to form immune complexes.
New Zealand White rabbits were immunized with these antibody-

nucleolar complexes. The resulting antisera produced nucleolar
fluorescence in HeLa cells but not in normal human liver or
human kidney cells. One- and two-dimensional immunoblots

identified a major M, 58,000/pl 5.8 antigen in HeLa cells, which
was not detected on corresponding immunoblots of normal
human liver nucleoli. This method offers an improved approach
to selection of tumor-associated antigens.

INTRODUCTION

Immunological (1-4) and biochemical (5-7) studies indicate

that quantitative and qualitative differences exist in proteins of
nucleoli of tumor cells as compared to proteins from nucleoli of
normal human tissues. These differences in tumor nucleolar
proteins may reflect oncofetal antigens (7), proliferating cell nu
cleolar antigens related to cell growth (8, 9), novel DNA polym-

erases (3), or transcriptional control proteins (10). The human
tumor nucleolar antigens are of interest inasmuch as they may
serve as potential targets for chemotherapy or immunotherapy,
immunodiagnosis of cancer, and obtaining useful information
concerning tumor biology and transformation.

An empirical approach to the identification of nucleolar proteins
related to tumor cells is the production of conventional and
monoclonal antibodies for use as immunochemical probes. One
of the major problems with this approach is the large number of
nucleolar proteins (11), many of which are common to normal
and neoplastic tissues (12). Moreover it is impractical to purify
each nucleolar antigen for injection. One approach has therefore
been to produce polyclonal antisera (3, 6) by injection of whole
tumor nucleoli or nucleolar extracts and then to improve their
specificity for tumors by adsorptions with normal tissues and
nuclei or nucleoli from nontumorous cells. These sera often
contain antibodies to immunodominant antigens which may be
common to normal and neoplastic tissues (3, 6). Frequently the
antibodies of interest are in low titer and are lost nonspecifically
during the adsorption steps. Similarly monoclonal antibodies
produced by injection of total nucleolar proteins require multistep
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screening procedures and most often identify proteins that are
immunodominant or in the highest concentrations (13). Burtin ef
al. (14) used antibodies to CEA3 to mask common determinants

on another peptide (NCA2) related to the CEA. The antiserum
resulting from the immunization of the NCA2-anti-CEA complex

had specificity for NCA2 and did not recognize CEA.
This study describes a procedure for production of a polyclonal

antiserum to tumor nucleolar antigens in which common tumor-

normal nucleolar determinants are masked by spreading the
nucleoli and forming immune complexes with anti-normal tissue

nucleolar antibodies. The immune complexes were used for
immunization of rabbits. The antibodies produced by this ap
proach showed nucleolar localization in HeLa cells but not in
normal human liver or kidney. By immunostaining of Western
transfers, a M, 58,000/pl 5.8 nucleolar antigen was identified in
nucleolar proteins of HeLa cells but not in normal human liver
cells.

MATERIALS AND METHODS

Antigen Preparation and Antisera Production. Normal human liver
was collected at autopsy and stored at -70Â°C until used. Nucleoli from

human liver or HeLa cells were isolated by the methods of Davis eÃal.
(6). Rabbit anti-human liver nucleolar antisera (rabbits 3420-8 and 3891-

5) were prepared as reported previously by Busch ef a/. (12).
The antiserum to the M, 58,000/pl 5.8 human tumor nucleolar antigen

was developed in a New Zealand White rabbit as shown in Chart 1. For
each injection, nucleoli isolated from 5 g of HeLa cells were suspended
in 1 ml of 0.01 M Tris-HCI, pH 7.2, containing 5 HIM EDTA and placed in
an ice bath for 1 h. Anti-liver nucleolar antisera from two rabbits (10 M!

of each antiserum) were added to the treated HeLa nucleoli and allowed
to tumble at 4Â°Covernight. The completeness of immune blocking was

determined by double Â¡mmunodiffusion. Analysis by double Â¡mmunodif-

fusion showed that the immune complexes formed by this procedure did
not show precipitin bands when reacted against the mixture of the two
rabbit anti-liver nucleolar sera, but a similar quantity of treated HeLa
nucleoli tumbled at 4Â°Covernight without antibody formed strong pre

cipitin bands against the mixture of the two antisera (Fig. 1).
For the initial injection, an equal volume of complete Freund's adjuvant

was added to the treated solubilized nucleolar immune complexes,
mixed, and injected in four s.c. sites, two at the back of the neck and
one each on both flanks. Subsequent injections were given at monthly
intervals in Freund's incomplete adjuvant. Serum was obtained from the

rabbit 10 days after the last injection and analyzed by immunofluores-

cence of cells and by immunostaining of Western transfers of nucleolar
extracts.

Extraction of Nucleolar Proteins for SDS Gels. Nucleolar proteins
were extracted from the isolated nucleoli in 2 ml of 10 mw Tris-HCI-0.2%
deoxycholate-20 mw dithiothreitol-10 FTIMKCI-0.5 rriM MgCI2 containing

the two protease inhibitors, phenylmethylsulfonyl fluoride (0.5 mw) and
leupeptin (5 i<g/ml). The nucleoli in cold extraction buffer were homoge-

3The abbreviations used are: CEA, carcinoembryonic antigen; NCA2, nonspe
cific cross-reacting antigen 2; SDS, sodium dodecyl sulfate; PBS, phosphate-
buffered saline.
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Chart 1. Diagramatic representation of the antibody-masking procedure. The
tumor nucleoli were treated with 5 rriM EDTA in 0.01 M Tris, pH 7.2, to spread the
native nucleoli. Antisera to normal nucleoli were added to the treated tumor nucleoli
to mask the shared determinants. The resulting immunocomplexes were used as
the antigen for injection into rabbits. The resulting antiserum was then evaluated.

cal electrophoresis was performed on 7.5% polyacrylamide gels with 1%
SDS according to the method of Takacs (15). Two-dimensional isoim-
munoelectrofocusing-SDS gels were run according to the method of
Chan ef al. (16). One- or two-dimensional gels were stained with Coo-

massie blue or were transfered to nitrocellulose according to the method
of Towbin ef al. (17). Excess binding sites on the nitrocellulose were
blocked in PBS containing 7% chicken serum and 3% bovine serum
albumin. Rabbit antiserum diluted 1:200 was added in a 150 mw NaCI
buffer containing 5 mw EDTA-50 mw Tris-0.25% gelatin-0.05% Nonidet
P-40 at pH 7.4 and incubated for 2 h at room temperature on a rotary

shaker. The nitrocellulose strips were washed for 30 min in the same
buffer without antibody. The strips were then washed, radioiodinated
protein A (200,000 cpm/ml) was added, and the strips were incubated
for 1 h. Excess protein A was removed by washing for 2 h with 1.0 M
NaCI buffer containing 5 mw EDTA-50 rriM Tris-0.25% gelatin-0.4% N-

lauroylsarcosine, pH 7.4. The strips were then dried and analyzed by
autoradiography.

Immunofluorescence Localization. Immunocytochemical localization
of determinants recognized by the rabbit antitumor nucleolar antiserum
was detected by means of the indirect immunofluorescence method of
Hilgers ef al. (18) as modified by Busch ef al. (12). Cells or tissue were
fixed on slides for 20 min with 2% formaldehyde in PBS. The cells or
tissues were then permeabilized with ice-cold acetone for 12 min and

washed twice in PBS. Preimmune and immune antisera were diluted
1:200 in PBS; a monoclonal antibody to nucleolar protein C23 was used
as a hybridoma culture supernatant. The diluted antiserum or hybridoma
culture supernatant was added separately to slides and incubated for 1
h at 37Â°C.The slides were washed twice for 15 min in PBS and antibody

was detectedwith fluorescein isothiocyanate-conjugated goat anti-rabbit
or rabbit anti-mouse Â¡mmunoglobulins (Cappel, Malvem, PA).

RESULTS

Fig. 1. Evaluation of antibody masking by double immunodiffusion. Antisera to
normal human liver nucleoli (Well 1) against 0.01 M Tris-5 mm MgClz-treated HeLa
nucleoli (Well 2) were compared with HeLa nucleoli reacted previously for 1 h with
the same antisera to normal human liver nucleoli (Well 3).

nized in a Dounce homogenizer for 5 min and placed in an ice bath for 1
h. The solubilized nucleolar proteins were in the supernatant after cen-

trifugation at 15,000 rpm for 10 min. Protein content of extracted
nucleolar proteins were determined with the Bio-Rad protein assay (Bio-

Rad Laboratories, Richmond, CA).
Polyacrylamide Gel Electrophoresis and Immunostaining. Analyti-

Antigen Preparation. Antisera to normal liver nucleoli were
produced in two rabbits. The two antisera immunoreacted with
at least six common antigens to HeLa and liver nucleoli on one-

dimensional immunoblots (Fig. 2, arrowheads). The six common
nucleolar bands had approximate molecular lengths of 110,000,
94,000, 76,000, 66,000, 62,000, and 52,000. One of these, the
M, 110,000 protein C23, reacted with most of the polyclonal
antisera produced to human or rat nucleoli (19). A number of
monoclonal antibodies have been produced to this M, 110,000
immunodominant antigen (13) with whole nucleoli or total nucleo
lar protein extracts as the immunogens. The rabbit antisera to
liver nucleoli reacted with at least six antigens in liver nucleoli
that were not in HeLa cell nucleoli (Fig. 2, arrows). This finding
is in agreement with earlier results of Busch ef al. (5, 12) who
reported previously that nucleolar antigens were present in nor
mal tissues that were not in tumor cells.

The completeness of antibody masking was evaluated by
double immunodiffusion (Fig. 1). Immune complexes formed by
adding 10 Â¿tiof each of the two rabbit antisera to spread nucleoli
from 5 g of HeLa cells failed to form precipitin bands when
reacted against the combined rabbit antisera used to form the
immune complexes. However, HeLa cell nucleolar proteins in
0.01 M Tris buffer formed precipitin bands when reacted against
the mixture of the two rabbit anti-liver nucleoli sera.

Immunofluorescence Studies. After six monthly injections of
immune complexes, rabbits were bled and the sera were used
for immunofluorescence studies. Fig. 3, a composite, shows that
the antiserum from one of the rabbits produced bright nucleolar
indirect fluorescence in HeLa cells. However, nucleolar fluores-
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Fig. 2. Immunostaining of Western btots of nudeolar proteins from normal
human liver and HeLa cells using antisera to normal human liver nucleoli. Approxi
mately 150 fig of normal human liver or HeLa cell nudeolar proteins were transferred
to nitrocellulose sheets and incubated with rabbit antisera (diluted 1:200) to normal
human liver nucleoli. Immunoreactive bands were detected by autoradiography
following incubation with 125l-protein A (200,000 cpm/ml).

cencewas not detectedin normalhumanliveror kidney(Fig.3,
B\ C1).A similarresultwas obtainedfrom a secondrabbitbut
was omitted for brevity.Rabbitpreimmuneserumdid not pro
duce nucleolarfluorescencein HeLa cells, human liver, and
kidney(Fig.3, D\E\ F1).A monoclonalantibodyspecificto the
immunodominantnucleolarproteinC23producedbrightnucleo
lar fluorescencein all threecell types(Fig.3, G1,H1,/1).

SDSGelsandWesternTransfers.ACoomassieblue-stained
one-dimensionalgel(Fig.4A)of HeLanucleolarproteinsandliver
nucleolarproteinsindicatesa numberof similaritiesand differ
encesbetweenthe two types of cells. In comparisonof Coo
massiebluestainingprofiles,the majorpeptideswith molecular
sizes of approximately110,000and 39,000 (Fig. 4A, arrow
heads)weremoredenselystainedintheHeLanucleoli.Increased
stainingintensitywas alsonotedin livernucleolarpeptideswith
molecularsizesof approximately78,000,72,000and55,000on
one-dimensional(Fig. 4A, arrows) and two-dimensionalisoim-
munoelectrofocusing-SDSgels(Fig.5B,arrows).TheM,78,000
and 72,000peptidesin livernucleolihavebeenreportedprevi
ously(19)to bebreakdownproductsof theM,110,000nucleolar
proteinC23.Otherpeptidebands(Fig.4A,dots)appearto differ
betweenHeLaandnormallivernucleoli.Theseobservationsare
in agreementwith the antigenicdifferencesfound on Western
transfersof HeLa and liver nucleolarproteins immunostained
with rabbitanti-livernucleolarantisera(Fig.2).

Whensimilarloadedone-dimensionalSDS gels were trans

ferred to nitrocelluloseand immunostainedwith the anti-HeLa
nucleolarantiserumproducedby injectingimmunecomplexesof
HeLanucleolarproteinsand rabbitanti-livernucleolarantisera,
only a M, 58,000 band was observedin the lane with HeLa
protein(Fig.4B, Lane1). TheM,58,000bandwas not detected
in liver nucleolarproteins(Fig. 4B, Lane 2). A secondrabbit,
similarlyinjected,showedmajorantigensM,58,000and125,000
(not shown).However,a rabbit given an injectionof a similar
amount of HeLa nucleolarproteins but not masked by anti-
normalhumanlivernucleolarantiserashowedat leastten bands
on immunoblotsof HeLaandhumanlivernucleoli(Fig.4ÃŸ,Lanes
3 and4).

Whentwo-dimensionalSDSgelsof HeLaand normalhuman
livernucleolarproteinswere run separately,approximately150
nucleolarpeptideswere visualizedon each of the Coomassie
blue-stainedgels (Fig. 5, A and B). When these gels were
transferredandimmunostainedwiththespecificrabbitanti-HeLa
nucleolarantiserum(Fig.5, C andD), a majorM,58,000peptide
with a pi of 5.8 was found in HeLa (Fig. 5C) that was not
detectedin humanlivernucleoli(Fig.5D). A peptidehavingthe
samemolecularsize and pi (M,58,000/pl5.8) is notedwith an
arrowheadon the Coomassieblue-stainedgel (Fig. 5A). This
resultindicatesthat thisantiserumhasspecificityfor thisprotein.

DISCUSSION

Studiesin this laboratory(3,20)haveshownthat quantitative
and qualitativedifferencesexist betweennucleolarproteinsof
tumor cellsand normalcells.The identificationand characteri
zationof nucleolarproteinsassociatedwithtumorcellsis impor
tant sincethese proteinsmay play a role in transformationor
maybe usefultumormarkers.

Oneapproachto identificationof tumor-associatednucleolar
antigenshasbeenthe developmentof conventionaland mono
clonalantibodiesto nucleolarproteins(4,6,13). Theseantibodies
areusuallyproducedto nucleolarextractssincepurifiedantigen
is often unavailableandproteincomplexesmaybe moreimmu-
nogenicandretainnativeness(21).However,complexpolyclonal
antiseraare producedthat requireextensiveÂ¡mmunochemical
purificationto improvetumorspecificity(6, 12).Immunizationof
total nucleolarproteinextractsfor the productionof monoclonal
antibodieshasfrequentlyyieldedantibodiesto immunodominant
nucleolarantigensfound in both tumor and nonmalignantcells
(13).

To circumventtheseproblems,we tried antibodymaskingto
developantiserumwith tumor specificity.To obtain masking
antibodies,two antiserawere producedin rabbits to normal
humanliver nucleoli.These reactedwith a numberof shared
antigensbetweenHeLacells and normalhumanliver nucleoli.
After the two rabbitantiserawere addedto HeLacell nucleoli
that were unfolded,the resultingcomplexeswere usedas im-
munogens.The goal was to block the normalnucleolardeter
minantsin the tumor preparationssince previousreports (22)
had shown that immunocomplexescan remain intact under
physiologicalconditions.

Theeffectivenessof antibodymaskingwasevaluatedby dou
ble immunodiffusion.Blockingor antibodymaskingwasconsid
ered completewhen the antiseraused for maskingfailed to
precipitateimmunecomplexes.

The antiserumproducedby immunizationwith the immuno-
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complexes of liver nucleolar antisera and HeLa nucleoli resulted
in bright nucleolar fluorescence in HeLa cells but not in normal
human liver or kidney nucleoli. The failure to detect nucleolar
fluorescence in normal tissue does not result from lack of anti
body penetration since their nucleoli were immunofluorescent
when treated with a monoclonal antibody to nucleolar protein
C23, which is common to the normal and malignant human
tissues (13).

Western transfers of HeLa nucleolar proteins showed immu-

nostaining of a major peptide with a molecular weight of 58,000
and a pi of 5.8; no specific immunostaining was detected on
similar transfers of human liver nucleoli. The identification of a
single immunoreactive peptide may reflect the relatively few
nucleolar antigens that are different in normal and HeLa cells.

The failure to detect the M, 58,000 nucleolar antigen in normal
nucleoli suggests that the antigen is present in low copy number
or even absent in normal tissues compared to HeLa cells. It is
possible that the M, 58,000 antigen is a normal protein that is
usually masked or altered, possibly by posttranslational modifi
cation so as to express an epitope(s) that is not present in normal
cells.

These studies show that antibody masking is useful in the
development of specific polyclonal antibodies and should be
applicable to production of specific polyclonal and monoclonal
antibodies. This technique may be especially useful in attempts
to produce antibodies when purified antigen is not available or
when specific peptides are sought in a complex mixture. Anti
body masking may also be useful for development of antibodies
to specific regions of a molecule when antibodies to defined
regions of the molecule are available.
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Fig.3. Indirect immunofluorescence of HeLa cells (Column 7), human liver (Column 2), and human kidney (Column 3) with rabbit antiserum to immunocomplexes
(1:200 dilution) (A1,B', C1),preimmunerabbit antiserum(1:200 dilution)(D1,E\P), and a monoclonalantibody to normalnucleolarprotein C23 (1:20 dilutionof hybridoma
culture supernatant) (G1,H\ /'). Corresponding phase imagesare shown at the top of each row (letters without superscripts).

Fig.4. A, Coomassie blue-stainedand immunoblotsof SDS-Laemmligels of nucleolar proteins from Helacells and normalhuman liver. In the Coomassieblue-stained
gel. A, Lane 1 represents molecular weight markers. From the top to bottom of the gel, the molecular weight markers are: myosin, M, 205,000; /i-galactosidase, M,
116.000; phosphorylase b. M, 94,000; bovine serum albumin, M, 68,000; ovalbumin, M, 44,000; and carbonic anhydrase,M, 30,000. Lane 2 contained 150 ^g of liver
nucleolar proteins, and Lane 3 contained an equal amount of nucleolar proteins from HeLa cells. Arrowheads in Lane 3, peptides that had increased staining in HeLa
compared to human liver nucleoli; arrows in lane 2, nucleolar peptides with increased staining in human liver nucleoli compared to those of HeLa cells. â€¢,peptides
detectable only in HeLa nucleoli, ÃŸ,an immunoblot of 150 tig HeLa nucleolar proteins (Lanes 1 and 3) and a similar amount of normal human liver nucleolar proteins
(Lanes2 and 4). Lanes 7 and 2 were immunostainedwith the rabbit antiserum to immunecomplexes of HeLa nucleoli and anti-normalhuman liver nucleolarantibodies.
Lanes 3 and 4 viere immunostainedwith a rabbit antiserum produced to HeLa nucleoli which were not masked with anti-normalhuman liver nucleolarantibodies.

Fig. 5. Coomassie blue-stained two-dimensional electrophoresis of gels of 150-iig quantities of HeLa nucleolar proteins (A) or human liver nucleolar proteins (B).
Immunoblots using the anti-HeLa nucleolar antiserum of similarly loaded gels of HeLa and human liver nucleolar proteins are shown in C and D, respectively. The
immunoreactivepeptide was detected as in Figs. 2 and 4. Arrowhead inA, Coomassieblue-stainedspot in a position similar to the immunoreactivespot in C (arrowhead);
arrows in B, peptides found only in human liver nucleoli on one-dimensionalgels (Fig. 4).
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