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ABSTRACT

Previous studies in our laboratory have indicated the presence of
nucleolar antigens in tumors which were not detected in normal tissues.
Some of the polvi-tonni antisera produced in these studies were shown to

identify a M, 145,000 nucleolar antigen on immunoblots of tumor nucleoli
but not in normal human liver nucleoli. A monoclonal antibody to a M,
145,000 nucleolar protein (pl45) was produced by immunization of mice
with a nucleolar extract of HeLa cells which is enriched with this antigen.
The monoclonal antibody showed bright nucleolar immunofluorescence
localization in a broad range of human tumors including cancers of the
gastrointestinal tract, genitourinary tract, lung, liver, muscle, cartilage,
and blood. The pi 45 nucleolar antigen was not detected in most normal
human tissues or in benign tumors, with only weak nucleolar staining
observed in spermatogonia of the testes and in ductal regions of some
hypertrophied prostates. Nucleolar antigen pl45 was extracted from
HeLa cell nucleoli by homogenization in a 0.01 M Tris buffer containing
0.2% deoxycholate. On sucrose density gradient centrifugation, the an
tigen remained sedimented with the nucleolar ribonucleoprotein fraction.
Nucleolar antigen pl45 was released from ribonucleoproteins following
treatment with 4 M guanidinium hydrochloride or RNase. Peptide map
ping of nucleolar antigen pl45 showed that it was distinct from other
known nucleolar antigens. Although it remains to be determined if the
pl45 antigen plays a role in cell transformation, maintenance of the
malignant phenotype, or in cell division, it may have value as a tumor
marker or as a therapeutic target.

INTRODUCTION

One common characteristic of tumor cells is relatively large
and irregularly shaped nucleoli. It has been suggested (1) that
the morphological distinction between tumor and normal nu
cleoli is due to increased nucleolar function including rDNA
synthesis and assembly of preribosomal particles. Several stud
ies in this laboratory (2-12) indicate in tumor cells the presence
of novel nucleolar antigens that were not detected in nucleoli
isolated from non-tumor tissues. Chan et al. (6-8) have purified
nucleolar proteins from tumor cells with molecular sizes of M,
54,000, 68,000, and 61,000 that were not detected in normal
human tissues. More recently Spohn et al. (12) were able to
distinguish a number of differences between normal human
nucleoli and tumor nucleoli on two dimensional immunofluo-
rescence/SDS-gels. Freeman et al. (l1) have reported the pres
ence of a A/r 58,000 nucleolar antigen identified by polyclonal
antisera that was not detected in normal human tissues. Im-
munohistological studies by Busch et al. (2-4) showed that
polyclonal antisera to tumor nucleoli could distinguish between
normal and tumor tissues with only low levels (5%) of false
positives or false negatives.

The role that these nucleolar antigens play in cell transfor-
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mation or the maintenance of malignant phenotypes is not yet
known; however, some investigations indicate that certain nu
cleolar antigens may reflect proliferating cell nucleolar antigens
and be related to cell growth (13-17), expression of oncofetal
products (18), or transcriptional control proteins (4, 19).

Immunological approaches are well suited for the detection
and functional assessment of these nucleolar antigens; however,
polyclonal antisera to specific nucleolar antigens of interest
have not been satisfactorily reproducible between different rab
bits and different bleedings of the same rabbit (5, 9, 11, 20);
furthermore, antibodies of interest can be lost during cross-
absorption steps to remove unwanted antibodies (11). The
development of monoclonal antibodies to nucleolar antigens of
interest is important therefore in providing a specific and re
producible immunological reagent.

In this study, we report the development of a MAb2 (anti-

pi 45) to a nucleolar antigen found in a broad range of human
malignant tumors. MAb anti-pi45 reacted with a single nucleo
lar antigen with a molecular weight of 145,000. The antibody
was used to further study the expression of the antigen in
various neoplastic and nonneoplastic tissues. A partial charac
terization of the antigen is also reported.

MATERIALS AND METHODS

Antigen Preparation and Antibody Production. Nucleoli were purified
from 10 g of HeLa cells as previously described (9). Nucleolar proteins
were extracted from the isolated nucleoli by Dounce homogenization
on ice for l h in 2 ml of 10 IHMTris-HCl, pH 8.0, 0.2% deoxycholate,
20 HIMdithiothreitol, 10 mM KC1, 0.5 mM MgCl containing phenyl-
methylsulfonyl fluoride, 0.5 mM, and leupeptin (5 Â¿tg/ml)as protease
inhibitors. Following the first extraction the nucleolar pellet was ex
tracted a second time as above. The nucleolar protein extracts (8 mg)
were salt fractionated using a final concentration of 30% saturated
(NH4)2SO4, pH 7.5. The (NH4)2SO4 precipitated proteins (6 mg),
enriched in nucleolar antigen p 145 were resolubilized in PBS, pH 7.2,
and dialyzed against the same buffer and used for immunization.

Polyclonal antisera were produced as previously described (20). For
monoclonal antibodies, female BALB/c mice were given 4 primary
injections i.p. of 200 ug of the nucleolar antigen preparation at 1-
month intervals. One month after the final immunization, one mouse
was hyperimmunized on 3 consecutive days using 200 ^g/injection of
the antigen preparation in saline. The first injection was given 50% i.v.
and 50% i.p. with the remaining 2 injections given i.p. On day 4, the
mouse was sacrificed and spleen cells were collected as a lymphocyte
source for fusion. Cell fusion and cloning were carried out as previously
described (21).

Polyacrylamide Gel Electrophoresis and Immunoblotting. Analytical
electrophoresis was performed on 7.5% polyacrylamide gels with 1%
SDS according to Takacs (22). Whole HeLa cells or proteins extracted
from isolated HeLa nucleoli were dissolved in Laemmli buffer and
heated in a 100Â°Cblock for 5 min. The dissolved samples were loaded

on the gel and electrophoresed for 2-3 h at 40 HIA. Gels were stained
with Coomassie blue or were transferred to nitrocellulose according to

2The abbreviations used: are: MAb, monoclonal antibody; p 145, a nucleolar

protein antigen with a molecular weight of 145,000; PBS, phosphate buffered
saline; SDS, sodium dodecyl sulfate; RNP, ribonucleoprotein; ELISA, enzyme
linked immunosorbent assay.
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the method of Towbin et al. (23). Immunostaining was carried out as
previously described (21) with specific antibody binding detected by
autoradiography following incubation with radioiodinated Protein A.

Immunofluorescence Localization of pl45. Immunocytochemical lo
calization of nucleolar antigen p 145 identified by monoclonal antibody
was detected by a modification of the indirect immunofluorescence
method of Hilgers et al. (24). I Ici a cells were grown on slides and
fixed for 20 min with 2% formaldehyde in PBS. The cells were then
permeabilized with ice cold acetone (â€”20Â°C)for 3 min and stored in

PBS. Cryostat sections of tumors or normal tissues were fixed and
permeabilized in acetone for 10 min at â€”20Â°C.The primary antibody

anti-pi45 was used at a dilution of 1:300, ascites:PBS, which provided
optimal immunofluorescence staining on control I Id.a cell slides. A
sufficient amount of diluted MAb (25 /<!)was placed on cells or tissues
and incubated in a humid atmosphere at 37Â°Cfor 1 h. The slides were

washed 3 times for 15 min in PBS and rabbit anti-mouse immunoglob-
ulin (Cappel, Malvern, PA) diluted 1:100 in PBS was added to the
slides and incubated for 45 min as above. The slides were washed as
above and rabbit antibody was detected with fluorescein isothiocyanate
conjugated goat anti-rabbit IgG (Cappel) diluted 1:20 in PBS.

Extraction of Nucleoli for Antigen Purification. Isolated HeLa nucleoli
(0.3 g wet weight) were washed twice with 5 ml 0.075 M NaCl/0.025 M
EDTA, pH 7.6 and extracted four times with 5 ml 10 mM Tris-HCl,
pH 8.0/0.2% w/v sodium deoxycholate. Pellets were suspended using
a Dounce homogenizer followed by centrifugation at 25,000 x g for 15
min. The Tris-sodium deoxycholate extract was then loaded on 5 to
45% sucrose density gradients in the same buffer. All extraction buffers
contained 0.1 mM phenylmethylsulfonyl fluoride, c*2macroglobulin (1
iiiMiik Sigma, St. Louis, MO), leupeptin (1 Mg/ml), and aprotinin (1
Â»innil: Boeringer Mannheim, Indianapolis, IN) to inhibit endogenous
proteolytic activity. Fractions were then analyzed by ELISA. Briefly,
10 iil of each fraction diluted 5-fold in PBS was bound to ELISA plates
(Dynatech Immulon I; Dynatech Corp., Alexandria, VA). Following
incubation with primary antibody (MAb anti-pi45) specific binding
was detected as previously described (21).

Preparative Gel Isolation. For preparative gel isolation, the Tris-
sodium deoxycholate extract was centrifugea at 100,000 x g for 16 h.
The pellet containing the antigen was extracted with 5 ml of 4 M
guanidine-HCI for I h at 4Â°Cwith periodic homogenization. After

centrifugation at 225,000 x g for 6 h, the supernatant was dialyzed
against 20 mM Tris-HCl, pH 8.0 and electrophoresed on SDS-polyac-
rylamide gels according to Laemmli (25). The gels were stained with
0.2% amido black (Serva, Heidelberg. Germany) and bands in the A/,
145,000 range were electrophoresed into dialysis bags at 100 V for 18
h using the Laemmli buffer system. The eluted material was subjected
to SDS-polyacrylamide gel electrophoresis and stained with 0.3% Coo-
massie Brilliant Blue R (Sigma) or analyzed by Western blot. The
positively stained bands corresponding to immunoreactivity were cut
out of the gel and subjected to tryptic peptide analysis.

Tryptic Peptide Analysis. The tryptic peptide map of p 145 was
obtained by radioiodination of gel slices as described by Elder et al.
(26). The protein was radioiodinated with '"I (Amersham, Arlington
Heights, IL) in the gel slice by the chloramine-T method (27). After
extensive washing in 10% methanol, the slice was incubated in 0.5 ml
of trypsin, 50 ng/m\ (220 units/mg; Worthington) at 37Â°Cfor 24 h in

0.5 MNH4HCOj buffer, pH 8.0. To insure complete digestion, a second
aliquot of trypsin was added after 8 h. The supernatants were lyophi-
lized and analyzed on cellulose-coated thin layer chromatography plates
(EM Reagents, Darmstadt, Germany). Electrophoresis was carried out
at pH 1.9 (acetic acid:formic acid:water, 15:5:80) on Savant Instruments
(Hicksville, NY) high-voltage electrophoresis apparatus at 600 V for 1
h. The second dimension was chromatographed in butanol:pyridine:
acetic acid:water, 32.5:25:5:20. The dried plates were analyzed by
autoradiography using Kodak XAR-5 film and Dupont Cronex inten
sifier screens at â€”70Â°C.

RESULTS

extracts (2-5). Two of these antisera were used in immunoblot
studies to determine the antigenic similarities between HeLa
nucleoli and normal human liver nucleoli. The two antisera
reacted with a Mr 145,000 nucleolar antigen (Fig. 1, arrows) in
HeLa nucleoli that were not detected in normal human liver
nucleoli. A mouse monoclonal antibody (anti-pi45) to a M,
145,000 nucleolar antigen (Fig. 2, lane C) was produced after
immunization with a HeLa nucleolar extract enriched in this
antigen. As with the polyclonal antisera (Fig. 1, lanes B and D)
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Fig. 1. Immunoautoradiography of Western blots of HeLa nucleoli (lanes A
and C) and normal human liver nucleoli (lanes B and D). Lanes were immuno-
reacted with two separate polyclonal antisera to human tumor nucleoli. Bands
were detected by autoradiography following incubation with 125I-labeled Protein

A (200.000 cpm/ml). MW, molecular weight.
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Polyclonal and Monoclonal Antibodies to Nucleolar Antigen
p145. Polyclonal antisera were produced to HeLa nucleolar

44-

Fig. 2. Immunoautoradiography of Western blots of HeLa nucleoli (lane C)
and normal human liver nucleoli (lane E) using a MAb specific for nucleolar
antigen p 145. Lanes A, B. and D, molecular size markers, HeLa cell nucleoli, and
normal human liver nucleoli, respectively, stained with amido black. For autora
diography blots were incubated for 2 h in primary antibody (1:500 dilution of
MAb FB1 ascites), washed, and incubated with a second antibody (1:1000 dilution,
rabbit anti-mouse IgG) for I h. Bands were detected by autoradiography following
incubation with '"I-labeled Protein A (200,000 cpm/ml). MW, molecular weight.
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the monoclonal antibody did not detect a similar antigen in
human liver nucleoli (Fig. 2, lane E).

Immunohistological Studies. The immunoreactivity of MAb
anti-pi45 with a broad range of neoplastic and nonneoplastic
human tissues was determined by indirect Â¡mmunofluorescence
and is summarized in Tables 1 and 2. Neoplastic tissues ex
amined included those of ectoderma!, endodermal, and meso
derma! origin. All tumors examined showed a bright nucleolar
fluorescence but most nonmalignant tissues did not exhibit
specific nucleolar staining (Fig. 3).

Table 1 Immunoreactivity of human cancer tissues or cancer cells with a
monoclonal antibody to nucleolar antigen pi45

Immunoreactivity was determined by indirect Â¡mmunofluorescence micros
copy. Tissue sections or cells were fixed and permeabilized in acetone and reacted
with the monoclonal antibody FBI. Following incubation with primary antibody,
a second antibody rabbit anti-mouse IgG was used, after which a specific immu
noreactivity was detected with a fluorescein conjugated anti-rabbit antibody.

SpecimenSolid

tumorsAdenocarcinomasPrimary,

colonMetastatic,
colontumorHepatocarcinomaBreast

cancerLymphomaLeiomyosarcomaCarcinomasClear

cell,ovarianMetastatic,
skinLung
cancerChondrosarcomaHeLa

cellsProstate
cancerHep

IIcellsLeukemiasAcute

lymphocyticAcute
myelomonocyticAcute
monocyticChronic
myelocyticHL60

(cell line)No.

of
samplesImmunoreactivity4

+Â°3

+4
+4
+6
+2
+++4

+++++7

+2
+2
+1
+1

+
1+, all specimens examined showed positive immunofluorescence.

Table 2 Immunoreactivity of normal human tissues, hypertrophied tissues, and
benign tumors with a monoclonal antibody to nucleolar antigen pi45

Immunoreactivity was determined by indirect immunofluorescence micros
copy. Tissue sections or cells were fixed and permeabilized in acetone and reacted
with the monoclonal antibody FBI. Following incubation with primary antibody,
a second antibody rabbit anti-mouse IgG, was added after which specific immu
noreactivity was detected with a fluorescein conjugated goat anti-rabbit antibody.

SpecimenNormal

tissuesPeripheral
bloodleukocytesPurified

lymphocytesLeukocytes
(viral lymphad

enitis)Lymph
nodes (hypertro

phied)FibroblastsLiverSpleenKidneyGallbladderHeartPancreasAdrenalLungProstate

(normal)Prostate
(hypertrophied)0Testes"WI

38 fetalfibroblastsBenign
tumorsBreast
fibroadenomaThyroid

adenomaNo.

of
samples2232152232211332122Immunoreactivity-â€”â€”â€”â€”_â€”â€”â€”â€”â€”â€”â€”â€”+++â€”-

" Nucleolar immunofluorescence was detected in the immature spermatogonia

of the testes (2 specimens) and in ductal regions of hypertrophied prostate (2 of
3 specimens).

Interestingly, benign tumors including 2 fibroadenomas of
the breast, 1 thyroid adenoma, and 1 adrenal adenoma did not
exhibit nucleolar immunofluorescence staining (Table 2). A few
hypertrophied prostate sections examined showed some nucleo
lar fluorescence in ductal regions (Fig. 4/4). Testes sections also
showed some weak regional nucleolar fluorescence representing
immature spermatogonia (Fig. 4B). The nucleolar staining in
hypertrophied tissue and spermatogonia suggests that the an
tigen may be present in some proliferative cells of normal
tissues.

Characterization of Antigen pl45. Nucleolar antigen pl45
was extractable from HeLa nucleoli following homogenization
in a 0.01 M Tris buffer containing 0.2% deoxycholate. The
nucleolar antigen extract was loaded on a 5 to 45% sucrose
density gradient and centrifuged 18 h at 100,000 x g.

Immunoreactivity of the sucrose density gradient fractions
was determined by the ELISA procedure using MAb anti-pi45.
Immunoreactivity of nucleolar protein p 145 was associated with
the 60S fraction which contains ribonucleoprotein particles
(Fig. 5.4). Treatment of the RNP fraction with ribonucleases
resulted in cleavage of the 60S RNP particles to smaller parti
cles migrating in the 10 to 20S range on sucrose gradients (Fig.
5B).

Treatment of the RNP fraction from HeLa nucleoli with 4
M guanidinium hydrochloride released the antigen (not shown).
Nucleolar protein p 145 was separated from the other nucleolar
proteins extracted with guanidinium-HCl by preparative gel
electrophoresis. The immunoreactive band was cut out of the
gel, electroeluted, and subjected to peptide mapping. Two di
mensional tryptic peptide maps (Fig. 6) of nucleolar protein
p 145 showed that it had 16 distinct peptides. Analysis of the
peptide map showed that nucleolar antigen p 145 was unrelated
to other characterized nucleolar antigens of similar molecular
size including the M, 110,000 protein C23 (30) and a M,
145,000 nucleolar antigen identified in Xenopus laevis (28).

DISCUSSION

Previous studies in our laboratory (2-12) and others (29)
have shown that polyclonal antisera produced to tumor nucleoli
detected nucleolar antigens in tumor cells that were not detected
in normal human tissues. For these antisera to show tumor
specificity, cross-absorption steps against normal human cells
or tissues were required (9, 11, 20). Immunoblots showed that
these antisera identified several antigens and that the specificity
and titer of the antisera differed from animal to animal and
between bleedings. For these reasons it was desirable to develop
monoclonal antibodies to tumor associated nucleolar antigens
as a reproducible and standardized source of antibody. In the
present study, the MAb anti-pi45 was found to exhibit most of
the properties of the polyclonal rabbit antibodies described
earlier (2, 3, 5, 9).

When two polyclonal antisera to tumor nucleoli were evalu
ated by immunoblotting, they each identified a M, 145,000
antigen in tumor nucleoli that was not detected on immunoblots
of normal human liver nucleoli. Spohn et al. (12) have also
identified a M, 145,000 nucleolar antigen in HeLa cells that
was not detected in the normal human tissue using similar
polyclonal antisera. This MAb to a M, 145,000 nucleolar anti
gen (pi45) was produced after immunization of mice with a
tumor nucleolar fraction separated from the immunodominant
nucleolar protein C23 (21).

Immunoblot studies using the anti-pi45 MAb showed that
the M, 145,000 nucleolar antigen identified in HeLa cell nu-
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Fig. 3. Representative immunofluores-
cence detection of nucleolar antigen pl45 in
neoplastic cells and tissues and in normal hu
man tissues using a specific monoclonal anti
body (FBI). A, HeLa cells; B, HL-60 cells
(human promyeloctic leukemia); C, normal
human liver; D, hepatocellular carcinoma; E,normal human lymph node; I-', lymphoma

(lymph node); C, ovarian carcinoma; H, met-
astatic skin carcinoma; /, adenocarcinoma of
the colon. For detection of antigen a three
antibody sandwich technique was used as fol
lows: after incubation in primary MAb (Â¿uni
pl4S) a second antibody (rabbit antimouse)
was added followed by fluorescein conjugated
goat antirabbit.

cleoli was not detected in normal human liver nucleoli. The
inability to detect nucleolar antigen p 145 in human liver nu
cleoli is not related to a particular liver sample since nucleoli
were prepared and analyzed from 3 separate liver samples
obtained directly from autopsy. The absence of p 145 on im-
munoblots of normal human liver nucleoli correlates with the
lack of immunostaining of liver nucleoli. Negative immuno-
staining was found for most normal human tissues and 4 benign
tumors (Table 2). Of the nonmalignant tissues studied, only
weak nucleolar fluorescence was detected in restricted regions
of the testes, which may represent immature spermatogonia
and ductal regions of some hypertrophied prostates. The nu
cleolar staining regions in these tissues may identify areas of
rapid cell growth and division; the expression of nucleolar
antigen p 145 may be related to cell proliferation like other

proliferating cell nucleolar antigen-like antigens (14, 15).
Nucleolar antigen p 145 was detected by bright nucleolar

fluorescence in all the human malignant tumors examined
including cancers of the gastrointestinal tract, genitourinary
tract, lung, liver, muscle, cartilage, and blood. These results are
in agreement with earlier studies using polyclonal antisera. In
those studies, Busch et al. (3) were able to differentiate correctly
94% of 80 unknown breast samples with respect to the diagnosis
of benign or malignant tumor. Since these polyclonal antisera
also contained antibodies to p 145 their selective properties may
be related to their identification of the M, 145,000 nucleolar
antigen.

Nucleolar antigen p 145 was extractable from human tumor
nucleoli following homogenization in a 0.01 M Tris buffer, pH
8.0 containing 0.2% deoxycholate. Following density gradient
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Fig. 4. Immunofluorescence detection of
nnein ilar antigen p 145 in normal human tis
sues in areas correlated with rapid cell growth.
A, hypertrophied prostate, ductal region; B,
testes. Immunofluorescence detection was per
formed according to the method outlined in
the legend to Fig. 3.

0 5 10

Fraction Number
Fig. 5. Elution profile of (A) Tris-sodium deoxycholate extracts and (B) RNP

fractions treated with RNase after fractionation on sucrose density gradients. The
Tris-sodium deoxycholate extract was subjected to sucrose density gradient (5 to
45%, 35 ml) centrifugation for 18 h at 80,000 x g in a SW-28 rotor (4Â°C)and
collected in 1.2-ml fractions. The fractions were assayed for immunoreactivity by
ELISA using anti-pi45 ( ). Fractions showing greatest immunoreactivity
were pooled, treated with Ribonucleases A and TÂ¡(50 units/ml; Cooper Biomed
icai, Malvern, PA) for 5 h at 4Â°C,and rerun on sucrose density gradients.

Increasing fraction number corresponds to increasing sucrose concentration.
LDH, lactate dehydrogenase.

centrifugation of the extracted fraction, p 145 was found in the
60S peak suggesting an association with the nucleolar ribonu-
cleoprotein fraction. Nucleolar antigen p 145 appeared to be
bound to the RNP particles and was released after treatment
with 4 M guanidinium hydrochloride or RNase. The antigen
was purified from the guanidinium hydrochloride extracts of
RNPs by preparative gel electrophoresis and electroelution.
The peptide map of the purified p 145 showed that it was

,
ELECT ROPHORESIS

Fig. 6. Two-dimensional pattern of sixteen '"I-labeled tryptic peptides derived

from pl45. First dimension electrophoresis at pH 1.9 (acetic acid:formic
acid:water, 15:5:80) was followed by chromatography in butanol:pyridine:acetic
acid:water, 32.5:25:5:20 on '"I-labeled tryptic peptides of pl45 obtained as
described in "Materials and Methods."

unrelated to other known nucleolar antigens. Attempts to de
termine an isoelectric point for p 145 on immunoblots of two
dimensional immunofluorescence/SDS-gels were not successful
because the antigen was urea sensitive.

The localization of p 145 in RNPs suggests that the antigen
may function in synthetic events, possessing or assembly of
preribosomal particles. It remains to be determined why the
RNP particles of human malignant tumors may have an epitope
on p 145 that is distinctive from that of most normal human
tissues. Whether a novel RNP particle is detected or a modified
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RNP particle is present will require improved analytical pro
cedures including affinity chromatography which is in progress.

It also remains to be determined whether p 145 is completely
absent from nonproliferating normal tissues or present in such
low concentrations that the present methods fail to detect it.
The detection of p 145 in rapidly growing normal cells (Fig. 4)
suggests that the antigen is associated with cell growth and not
specifically with cancer; however, the detection of nucleolar
antigen p 145 by immunomicroscopic procedures in a broad
range of cancers suggest that the antigen may have immunodi-
agnostic potential. Studies are planned to better characterize
the antigen and to determine its functional role in the cell
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