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ABSTRACF

Tumor nucleoliwere treated withpolyclonal antisera to normalhuman
tissue nucleoli to block some determinants common to tumor and normal

tissue nucleoli. ImmunizatIon of mice with these immune complexes

resulted in the developmentof a monoclonalantibody (FB2) to a novel
M, 1*000 nucleolarprollferation-associatedantigen.By indirectim
munofluorescence@andbody FB2 PrOduced bright nucleolar staining in a

variety of malignant tumors, including cancers of the breast, liver, gas
trointestinal tract, genitourinary tract, blood, lymph system, lung, and
brain.Althoughspecificnucleolarimmunofluorescencewasnotdetectable
in most normal tissues, it was detectable in some proliferatingnonmalig
nant tissues including spermatogonia of the testes, ductal regions of

hypertrophled prostates, and phytohemagglutinin-stimulated lynipho

cytes. The M, 120,000 antigen was not detectable In 48-h serum-deprived

HeLa cells but was readily detectable (within 30 mm) followingserum
refeeding. The Mr 120,000 antigen was not detected in retinoic acid
treated HL-60 cells following morphological differentiation but was
detectableIn48-hphytohemagglutinin-treatedlymphocytes.Thesestud
les suggest that the M, 120,000 antigen is a proliferation-associated
antigen which plays a role in the early C1 phase of the cell cycle.

INTRODUCIION

It haslongbeenknownthat pleomorphismandhyperactivity
of the nucleolus are major characteristics of cancer cells (1).

These observations prompted studies to determine if tumor

nucleoli possess components that are absent from nucleoli of

normal cells. After a number of studies (2â€”7)using polyclonal

antisera to tumor nucleoli demonstrated antigenic differences
between tumor and normal tissue nucleoli, efforts were made
to purify and characterize specific tumor-associated nucleolar

antigens. Chan et al. (8â€”10)and Takahashi et al. (1 1) purified
nucleolar proteins with molecular weights of 54,000, 61,000,

and 68,000 from rat and human tumors that were not found in

normal tissues. Two-dimensional isoelectrofocusing-SDS gels
also showed (12) a number of differences as well as similarities
between peptides of normal human tissue nucleoli and human
tumor nucleoli.

Because of the lack of reproducibility of polyclonal antisera,

monoclonal antibodies to human tumor nucleolar proteins were

developed. Two nucleolar antigens, p145 and p40, were found

to be associated with proliferating cells (13â€”15). The p145 and

p40 nucleolar antigens were found in a broad range of human
tumors but were not detectable in most normal resting tissues.

Studies by others (16â€”21)using human autoimmune sera
detected nuclear and nucleolar antigens in tumor cells and

normal growing cells that were not found in normal resting
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tissues. These antigens are referred to as PCNA.3 Of these, the

best characterized PCNA is a Mr 36,000 antigen termed â€œcy
chinâ€•(16, 17, 19). Cyclin was reported (17) to be synthesized

during the G, to S phases of the cell cycle and translocated
from the nucleoplasm to the nucleolus at a specific time point

in S phase.

The nuclear oncogene products of c-los, c-myc, and c-myb

are transiently expressed during the cell cycle and are reported

to be associated with cell proliferation (22â€”24).These onc gene

products are expressed in quiescent cells stimulated to prolif

erate in response to growth factors and are elevated in some

tumors. The roles of the nucleolar antigens, PCNAs, and flu

clear oncogene products in cell proliferation are under study.

This study reports a monoclonal antibody which reacts with

a novel nucleolar antigen (p120) associated with proliferating

cells. Like nucleolar antigens p145 and p40, antigen p120 was

detectable in a broad range of human tumors but not in most
nonmalignant tissues. Antigen p120 was not detectable in

growth-arrested cells but was expressed early in the G1 phase.

MATERIALS AND METhODS

AntigenPreparation and AntibodyProduction.Antigen was prepared
as previously described (25). For each injection (of 5 mice), nucleoli
isolated from 5 g of HeLa cells were suspended in 1 ml of0.Ol MTris
HCI, pH 7.2,containing5 mMEDTA andplacedin anicebathfor I
h. To masknontumorantigens,the unfoldednucleolarStructUreswere
treated with antinormal human liver antisera from two rabbits (10 il
of each antiserum) and allowed to tumble overnight at 4C (25). The
resulting immune complexes were used for injection of mice and

monoclonal antibodies were developed and cloned as previously do
scribed (13).

Polyacrylamide Gel Electrophoresis and Immunoblotting. Analytical

electrophoresiswas performedon 7.5% polyacrylamidegels with 1%
SDS accordingto Takacs(26). WholeHeLacells or proteinsextracted
from isolated HeLa nucleoli were dissolved in Laemmli buffer and
heated in a 100'C heating block for 5 mm. The dissolved samples were
loadedon the gel andelectrophoresedfor 2 to 3 h at 40 mA. Gels were
stainedwith Coomassieblue or were transferredto nitrocelluloseac
cording to the method of Towbin et a!. (27). Excess binding sites on
thenitrocellulosewereblockedin 7%chickenserum/3%bovineserum
albumin in PBS. MAb FB2 was added as a 1:300 dilution ofascites in

a 150 mM NaC1 buffer containing 5 mi@sEDTA/50 niM Tris/0.25%

gelatin/0.05% NP-40 at pH 74 and incubated for 2 h at room temper

attire on a rotary shaker. The nitrocellulose strips were washed for 30
mm in the same buffer without antibody. A rabbit anti-mouse antibody
(1 sl/ml; Cappel, Malvern, PA) was then added to the strips and
incubated at room temperature for 1 h with shaking. The strips were
then washed radioiodinatedProtein A (200,000 cpm/ml) was added
and incubated at room temperature for 1 h. Excess Protein A was
removed by washing for 2 h with 1.0 M NaCl buffer containing 5 niM
EDTA/50 mM Tris/0.25% gelatin/0.4% N-lauroylsarcosine, pH 7.4.

The stripswerethendriedandanalyzedby autoradiography.
ImmunofluorescenceLocalization of p120. Immunocytochemical lo

calization of nucleolar antigen p120 identified by monoclonal antibody

3 The abbreviations used are: PCNA, proliferating cell nuclear antigen; MAb,

monoclonal antibody, FB2, a monoclonal antibody to a M@120,000 nucleolar
antigen; PHA, phytohemagglutinin SDS, sodium dodecyl sulfate; PBS, 0.01 M
P04/0.15 M NaCI, pH 7.4; NP-40, Nonidet P-40 DMEM, Dulbecco's modified
Eagle's minimal essentialmedium; protein p120, M, 120,000 protein.
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Table 2 immunoreactivityofa monoclonoiantibodyto nucleolarantigenp120
withnonmalignanthumantissuesor cellsIntensity

No. of of nucleolar
Specimen specimensimmunofluorescenceLymphocytes

Untreated 1 -
PHA-treated (72 h) I4*Bone

marrow Iâ€”Kidney

3â€”Liver

3â€”Stomach

Iâ€”Gallbladder

2â€”Brain

2â€”Lymph

node 2â€”Spleen

2â€”Breast

1â€”Lung

3â€”Colon

2â€”Mandibular

tissue (inflamed) Iâ€”Prostate

Hypertrophied 2 + (I of 2)
Normal 2-Testes

I +/â€”tracea

Weak nucleolar immunofluorescence detectable in some ducts.

SpecimenNo.
of

samplesIntensity
ofnucleolar

immunofluorescenceAdenocarcinomas

Primary colon
Primary small bowel
Metastatic:brain2

1
I+++

+++
++++Carcinomas

Primary
hepatocellular
lung
nasopharyngeal
cervical (squamouscell)
prostate

Metastatic
skin
lymphnode1

3
1

1
2

1
I+++

+++
+++
+++
+++

++++
++++Lymphomas

(nonHodgkin's)5+++Lymphoma

(Hodgkin's)I+/â€”Kaposi

sarcomaI+++Breast

cancec jntraductal carcinomas1
I++++/â€”Leukemia

(acutelymphocytic)2+++Tumor

cell lines
HeLa
HL-60(promyelocyticleukemia)1 I+++++Colon

tumors
Omega
HCT
Mosar
JVC
GEO1

1

1
1
I+++

+++
+++
+++
+++
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Fig. 1. A, Coomassieblue-stainedgel of HeLa cell nucleolarproteins.Lanes
M, molecularweight markers A, 75 @gof protein,and B, 150 @igof protein.B,
Western blot oftwo similarly loadedgellanes as in A and stained with MAb FB2.
Following incubation with primary antibody (FB2) the blots were incubated with
a 1:1000dilution ofrabbit anti-mouselgG and bandsweredetectedbyautoradi
ographyafter incubationwith â€˜@â€˜I-labeledprotein A (200,000cpm/ml).

Table 1 Immunoreactivityofa monoclonalantibodyto nucleolarantigenp120
with hun,ancancertissuesor cancercells

was detected by a modification of the indirect immunofluorescence
methodofHilgers et aL(28). HeLacells weregrownon slidesandfixed
for 20 mm with 2%formaldehydein PBS. The cells werethen perme
abilized with ice cold acetone (20'C) for 3 min and stored in PBS.
Cryostat sections of tumors or normal tissues were fixed and perinea
bilized in acetone for 10 mm at â€”20C.The primary antibody (anti
p120) was used at a dilution of 1:300 (ascites:PBS) which provided
optimal immunofluorescence staining on control HeLa cell slides. A
sufficient amount of diluted MAb (25 @d)was placed on cells or tissues
and incubatedin a humidatmosphereat 37C for 1 h. The slides were
washed twice for 15 mm in PBS as above and mouse antibodywas
detected with fluorescein isothiocyanate-conjugated goat anti-mouse
immunoglobulin (Boehringer Mannheim) diluted 1:50 in PBS.

Extraction ofNuclei and Nucleolifor AntigenCharacterization.Nuclei
and nucleoli were preparedby the NP-40 hypotonic shock method
previously described (2). For nuclear proteins, nuclei from 10' cells
were extracted by homogenation in lysis buffer (3 M urea/0.02% NP
40/0.05% mercaptoethanol). Laemmli buffer was added to the extract

andboiledfor 5 mmandproteinswereresolvedbySDS polyacrylamide
gel electrophoresis.Isolated HeLa nucleoli (0.3 g wet weight) were
washed twice with 5 ml 0.075 MNaCl/0.025 M EDTA, pH 7.6, and
extracted 4 times with 5 ml 10 mrs Tris-HC1,pH 8.0/0.2% w/v sodium
deoxycholate. Pellets were suspended using a Dounce homogenizer
followed by centrifugationat 25,000 x g for 15 mm. The Tris-deoxy
cholate extract was then treatedwith RNase overnightat 4C (1000
units RNase T, and A) and then loaded on 5â€”45%sucrose density
gradients in the same buffer. Other Tris-deoxycholate extracts not
treatedwith RNase were separatedon similar sucrose gradients All
extraction buffers contained 0.1 m@iphenylmethylsulfonyl fluoride
(Sigma, St. Louis, MO), 1 @ig/mlleupeptin, and 1 @g/mlaprotinin
(Boehringer Mannheim, Indianapolis, IN) to inhibit endogenous pro

teolytic activity.
Retinoic Acid-induced Differentiation of 111-60 Cells. The HL-60

human promyelocytic leukemia cell line was grown in suspension
cultures in RPM! Medium 1640 (Grand Island Biological Co.) contain

ing 10%fetal calf serum, 100 IU penicillin/ml, 100 @zgstreptomycin/
ml, and 2 @M/mltrans-retinoic acid (Sigma) (14). HL-60 cells treated
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Fig. 2. Representativeimmunofluorescencedetection ofnucleolar antigen p120 with MAb FB2 in malignant tissuesor cells. a, HeLa cells b, Omegacells (human

colon tumor cell line); c, HL-60 cells (human promyelocytic leukemia);d, squamouscell carcinoma e,brain, adenocarcinomaf, lung, carcinoma g, liver, hepatocellular
carcinoma h, lymphoma and i, Kaposi sarcoma. The primary MAb FB2 was added at a 1:300 dilution of ascites;for detection a goat anti-mouse IgG-fluorescein
isothiocyanatediluted 1:50wasused.
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with the retinoic acid were examined for specific immunofluorescence
at 24-h intervals up to 120 h; the cells were attached to slides by
cytocentrifugation. A side-by-side control ofuntreated HL-60 cells was
done at each time.

Serum DeprivationStudy. HeLa cells were grown for 48 h in DMEM
containing 10% fetal calf serum in a humidified atmosphere with 5%
CO2.After 48 h, the mediumwas replacedby a DMEM which lacked
the fetal calf serum and cultured for another 48 to 72 h. Following

serum deprivation, the medium was replaced with fresh DMEM con
taming 10% fetal calf serum. Samples were collected hourly up to 7 h,
except for the first hourwhen 30-mm sampleswerecollected;at each
time the presence of p120 was determined by indirect immunofluores

cence.

RESULTS

Monoclonal Antibody Development. The MAbS produced by
immunization of mice with the immunomasked nucleoli iden
tified several nucleolar antigens. Of these, one (FB2) was se
lected for further study because it showed preferential immuno

staining oftumor tissues compared to normal tissues. The MAb
FB2 identified a Mr 120,000 peptide on immunoblots of HeLa

nucleolar proteins (Fig. 1). In our studies, trace bands of Mr

105,000 and 100,000(Fig. 1B, IaneB)were sometimes observed
and these bands increased with storage of nucleolar extract with

a corresponding decrease of the Mr 120,000 band suggesting

that the minor bands represent degradation products.

Immunohistological Studies. The immunoreactivity of MAb
FB2 to the nucleolar antigen p120 was examined by indirect

immunofluoresence in a broad range of malignant and non

malignant tissues and cells (Tables 1 and 2). Representative
immunofluorescence patterns are shown in Figs. 2 and 3.

Bright nucleolar-specific fluorescence was detected in a broad

range of malignant tumors and cells (Table 1; Fig. 2) including

cancers of the gastrointestinal tract, genitourinary tract, liver,

lung, breast, lymphatics, and blood. Nucleolar immunofluores

Fig. 4. EffeCtofPHA stimulationon theexpressionofnucleolarantigenp120
in humanlymphocytes.a andc, untreatedlymphocytes,andb and d 48-h PHA
stimulatedlymphocytes.a and b were reactedwith MAb FB2 to antigenp120,
and c and d werereactedwith the MAb to protein B23. The pnmary antibodies
weredetectedby immunofluorescence(seeFig. 2).

cence was not detected in corresponding normal tissues (Table

2; Fig. 3). In some tissues (i.e., kidney', Fig. 3) some general

background staining was observed. This type of background

fluorescence was also found in specimens to which no primary
antibody was added.

In most tumors, MAb FB2 produced bright nucleolar im

munofluorescence. However, in one Hodgkin's lymphoma and
one breast tumor only weak nucleolar fluorescence was ob

served. The lesser immunofluorescence intensity in these tu
mors may relate to type, staging, or treatment.

Nucleolar immunofluorescence was detectable in 48-h PHA

stimulated lymphocytes (Fig. 4b), spermatogonia of the testes,
and the ductal epithelium of 1 of 2 hypertrophied prostates
studied (Table 2).

The effect ofcell proliferation on the expression of nucleolar

antigen p120 was examined in (a) PHA-stimulated lympho

cytes, (b) retinoic acid-induced differentiation of human leu

kemia HL-60 cells, and (c) HeLa cells whose growth was
arrested by serum deprivation.

PHA Stimulation of Human Lymphocytes. Isolated human
lymphocytes were treated in culture with PHA and examined
by immunofluorescence at 24-h intervals for the detection of

antigen p120 (Fig. 4). Nucleolar antigen p120 was not detect

able in fresh peripheral blood lymphocytes nor in untreated

lymphocytes maintained in cultures (Fig. 4a). The nucleolar
structure was intact in these cells since anti-protein MAb B23
(protein B23 is a nucleolar antigen found in tumor and nontu

mor cells) produced bright nucleolar-specific fluorescence (Fig.

4c). The immunofluorescence for nucleolar antigen p120
reached maximum intensity in 48-h PHA-treated lymphocytes

which had small dot-like immunofluorescence spots within the
nucleolus (Fig. 4b). At this time, the morphology of the lym

phocytes changed to that of blast cells. Immunostaining of 48-
h PHA-treated lymphocytes with an anti-B23 MAb showed a

much larger staining area within the nucleolus, with more

Fig. 3. Representativeimmunofluorescenceof normal human tissueswith
MAb FB2 to antigen p120 and a positive control antibody to nucleolar protein
B23. a, c,ande, liver, kidney,andcolon,respectively,stainedwith the MAb FB2;
and b, d, andf, correspondingsections stainedwith the control antibodyto
nucleolar protein B23 found in all tissues.The primary antibody was detectedas
in Fig. 2.
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Fig. 5. Effectof retinoicacid-induceddifferentiationof HL-60 cellson the expressionof nucleolarantigenp120. a, untreatedb, 48-h retinoicacidtreatment c,
96-h retinoic acid treatment d, 96-h retinoic acid-treated cells reactedwith control antibody to protein B23; e, morphology of untreated HL-60 cells (phase);andf,
morphology of96-h retinoic acid-treatedcells. The cells were reactedwith the MAb FB2 to nucleolar protein p120 or control MAb to protein B23; immunoreactivity
wasdetectedby immunofluorescenceas in Fig. 2.

intense staining (Fig. 4d). Accordingly, p1 20 may be compact
mentalized within the nucleolus.

HL-60 Cell Differentiation. As an obverse approach to mito
genic stimulation of resting lymphocytes, termination of cell
proliferation was studied in retinoic acid-induced differentiation

of human HL-60 cells. The retinoic acid-treated HL-60 cells

approximately doubled in number up through 48 h; between 48

and 72 h a slight increase in cell number was found with no
further increase in cell number between 72 and 96 h (not

shown). Untreated control HL-60 cells showed bright nucleolar

immunofluorescence staining with the MAb FB2 (Fig. 5a) and
had a blast-like appearance (Fig. 5e). At 48 h of retinoic acid

treatment of decrease in the immunofluorescence staining was

observed (Fig. 5b). At 96 h, only low levels of immunofluores
cence were observed (Fig. Sc). At this time, the cells had a more
mature neutrophil-like appearance in retinoic acid-treated cul

tures (Fig. Sf). The nucleolar structure of differentiated cells
was, however, maintained since all cells stained with the MAb

to protein B23 (Fig. 5d). Antigen p120 expression decreased

when cell cycling ceased.

Growth-arrested HeLa Cells. HeLa cells were growth arrested

by 48 to 72 h ofserum deprivation to determine whether antigen

p120 is directly associated with cell cycling. In four separate
experiments, decreased nucleolar immunofluorescence was

found in 24-h serum-deprived HeLa cells. Detection of antigen

p120 was lost between 36 and 72 h in serum-free media (Fig.

6b). Nucleolar fluorescence for protein B23 was positive

throughout. Following serum replenishment antigen p120 was

detected within 30 mm (Fig. 6c) and the immunofluorescence

increased to its original intensity by 2 h (Fig. 6d). Accordingly,
antigen p120 is expressed in the early G1 cell cycle phase.

Immunoblotting Studies. It is possible that the lack of im
munofluorescence staining observed in retinoic acid-treated

immunofluorescencewasdetectedas notedin Fig. 2.

HL-60 cells, in growth-arrested HeLa cells, and in nonprolifer
ating normal tissues may represent a redistribution of the p120

antigen or inaccessibility of the p120 epitope. To investigate

these possibilities, immunoblots were prepared of nuclei from
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Fig. 7. Westernblotsof nuclearproteinsfrom (A) untreatedHL-60 cells,(B)
retinoic acid-treated HL-60 cells, (C) serum-fed HeLa cells, and (D) serum
deprivedHeLacells.Nucleiwereisolatedaccordingto â€œMaterialsandMethodsâ€•
from equal numbers ofcells (10'). Nuclei were extracted in 3 M urea/0.02% NP
40/0.05%mercaptoethanoland an equalvolumeof 2x Laemmlibuffer was
added.Equalamountsof protein(75gig)wereloadedandelectrophoresedon a
7.5% polyacrylamide geL Antigen was detected following Western transfer as
describedin â€œMaterialsand Methods.â€•
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Fig. 8. Elution profileof(A) 0.01 M Tris/0.2% sodiumdeoxycholateextracts
of HeLacell nucleoliafterRNasetreatmentandfractionatedon sucrosedensity
gradients, and(B)a similar HeLa cell nucleolarextract but untreated with RNase.
The gradientwas5-45% sucrose;the samplewascentrifugedfor 18 h at 80,000
g in a SW-28 rotor (4C) and collectedin 1.2-mi fractions.The fractionswere
assayedfor immunoreactivity by enzyme-linked immunosorbent assayusing MAb
FB2 (0) or assayedfor protein concentration (â€¢).Increasing fraction numbers
correspond to increasing sucroseconcentration. LDH, lactate dehydrogenase.

lymph system, brain, liver, lung, and breast (Table 1). Antigen

p120 was not detected in corresponding normal tissues. How

ever, antigen p120 was detectable in some proliferating non

malignant tissues (Table 2) such as testis and ductal regions of

hypertrophied prostates. One Hodgkin's lymphoma and one
breast tumor exhibited only weak nucleolar immunofluores
cence with MAb FB2.

Examination of additional tumors is needed to establish

whether the lack of staining or the weaker reactivity of some

tumors or cells with MAb FB2 relates to patient response to

treatment, type, or staging ofthe tumor, degree of proliferation,

or technical problems in specimen processing. Quantitative

studies are also needed to determine whether the relatively
intense immunofluorescence of most tumors compared to the

lesser intensity staining ofnormal proliferating cells (i.e., testes)
reflects a higher concentration of p120 in some cancer cells.

To test whether detection of p120 in tumor cells and prolif

erating normal cells is associated with cell proliferation, several

model systems were used. Nucleolar antigen p120 was not

detectable in 48-h serum-deprived HeLa cells. At intermediate

time points ofserum deprivation, a decrease in immunofluores

cence intensity was observed for p120. Following serum replen

ishment, antigen p120 was detectable by specific nucleolar
immunofluorescence within 30 mm. The intensity of immuno
fluorescence returned to control levels by 2 h. Antigen p120

1249

A B @C 0

retinoic acid-treated and untreated HL-60 cells and from 72-h

serum-deprived and serum-fed HeLa cells. This study showed
that p120 was not detectable or was in trace amounts in retinoic

acid and treated HL-60 cells (Fig. 7B) and in growth-arrested
HeLa cells (Fig. 7D). The p!20 antigen was readily detectable
on immunoblots of nuclei from non-retinoic acid-treated HL

60 cells and from serum-fed HeLa cells (Fig. 7, A and C).

Immunoblots prepared from whole cells (not shown) failed to

show a positive staining p120 band, probably indicating the

need to enrich the p120 content by preparing nuclear or nu
cleolar extracts.

Antigen Characterization. RNase-treated and non-RNase
treated HeLa cell nucleolar extracts were fractionatedon 5â€”
45% linear sucrose density gradients (Fig. 8, A and B). The

enzyme-linked immunosorbent assay activity of individual gra
dient fractions indicated that p120 immunoreactivity was
spread across the gradient; the highest concentration was in the

high-molecular-weight region (>17S) in both RNase-treated

and nontreated extracts (Fig. 8, A and B). In some experiments,

slight shifts to a lower-molecular-size particle was observed for

p120 in RNase-treated samples (Fig. 8B). To further analyze

the RNase-treated samples, fractions from the sucrose gradient

of RNase-treated nucleolar extracts were electrophoresed on

SDS polyacrylamide gels and stained with silver (Fig. 9A) or

gels were subjected to Western transfer and immunostained
with the MAb FB2 (Fig. 9B). Most of the p1 20 immunoreac
tivity was observed in the higher-molecular-weight fractions
(Fractions 21â€”28)(Fig. 9B) in agreement with the enzyme
linked immunosorbent assay activity (Fig. 8A). A Mr 120,000

peptide was observed on silver-stained gels in these fractions

(Fig. 9A, arrow). Repeated experiments failed to show any

significant alteration in the size of the particle containing p120
following RNase digestion.

DISCUSSION

In this study, we used an immunomasking strategy (25) for

development ofa MAb (FB2) to a Mr 120,000 nucleolar antigen

which was detected in a broad range of tumors, including

cancers of the gastrointestinal tract, genitourinary tract, blood,
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Fig. 9. A, silver-stainedgel profile for in
dividualfractionsfromthesucrosedensitygra
dient of RNase-treated 0.01 M Tris/0.2% so
dium deoxycholateextractsof HeLa cell nu
cleoli in Fig. 8A. From eachfraction used, 100
@zlweremixedwith50 @ilof3xLaemmlibuffer,
electrophoresedon a 7.5% polyacrylamide gel,
and stained with silver as indicated in â€œMate
rials and Methods.â€•B, a corresponding im
munoblot stained as in Fig. 1with the MAb to
nucleolar antigen p120. Arrows in A, bandcor
respondingto the molecularweightof the im
munoreactiveband observedin Fig. 8B.
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was detectable in 48-h PHA-stimulated lymphocytes (Fig. 4).

Conversely, antigen p120 was lost upon termination of prolif
eration in retinoic acid-differentiated HL-60 cells. These results

suggest that p120 is temporally expressed in the G1 phase.
Nucleolar antigen p120 differs from cyclin, PCNA p145 (14,

19), and the PCNA p40 (15) by molecular size, peptide maps

(not shown), and time of cell cycle expression. Antigen p120 is

expressed rapidly (within 30 mm) following serum replacement
in growth-arrested HeLa cells. We have observed the presence
of p120 in some HeLa cells as early as 15 mm following

refeeding; the immunofluorescence intensity reached a maxi
mum at 2 h and persisted throughout the cell cycle. Antigen

p145 persisted in growth-arrested tumor cells (14) and p40 was
expressed at 4â€”6h following addition ofserum (15). The PCNA
cyclin was reported (17) to be synthesized at the G,/S border.

The early G, expression ofpI2O is similar to that reported (24)

for the nuclear oncogene c-los. However, antigen p120 differs

from c-los as well as the nuclear oncogenes c-myc and c-myb

(24) in molecular size and its specific nucleolar localization.
Antigen p120 is also unlikely to be a subunit of RNA polym

erase I since antibodies to this enzyme localize to nucleolar
fibrillar component whereas p120 appears to be excluded from

this region (data not shown).
Like antigen p145, antigen p120 is associated with a particle

(>17S). However, the particle containing the p120 peptide is
only slightly altered in size following RNase treatment while

the p145 antigen is readily released by RNase to a smaller

particle (â€œ-105).
Proteins synthesized during G1 may serve many functions in

cell proliferation (23, 24, 29â€”31).In normal cells the synthesis

of the control proteins may be regulated by external growth

factors (22). The need for external stimuli for expression of
these regulatory proteins may be eliminated or short-circuited

in cancer cells.

The association of antigen p120 with proliferating cells and

its specific time of expression in early G1 suggest it plays a role

in cell proliferation. This antigen may be useful as a marker for
early G1 and may have immunodiagnostic value as a marker for

cell proliferation.

REFERENCES

1. Busch,H., Busch,R. K., Chan, P. K., Chatterjee,A., Freeman,J., Ross,B.,
Black, A., Yaneva, M., and Durban, E. Nucleolar antigens in cancer tissues.
J. TumorMarkerOncoi, 1:69â€”80,1986.

2. Busch, H., Gyorkey, F., Busch, R. K., Davis, F. M., Gyorkey. P., and
Smetana,K. A nucleolar antigen found in a broad rangeofhuman malignant
tumor specimens.CancerRes.,39: 3024â€”3030,1979.

3. Busch, H., Busch, R. K., Chan, P.-K., lsenberg, W., Weigand, R., Russo,J.,
and Furmanski, P. Results of a â€œblindâ€•study on the presenceof the human
tumor nucleolarantigen in breastcarcinomas,benign breast tumors and
normal breast tissues. Clin. Immunol. and Immunopathol., 18: 155â€”167,
1981.

4. Busch,H., Busch,R. K., Chan, P. K. Kelsey,D., and Takahashi, K. Nucleolar
antigensof humantumors.MethodsCancerRes.,19: 109â€”178,1982.

5. Busch, R. K., Daskal, I., Spohn, W. H., Kellermayer, M., and Busch, H.
Rabbitantibodiesto nucleoliof Novikoffhepatomaandnormalliverof the
rat. CancerRes.,34: 2362â€”2367,1974.

6. Davis, F. M., Busch, R. K., Yeoman, L C., and Busch, H. Differences in
nucleolar antigens of rat liver and Novikoff hepatoma ascitescells. Cancer
Res.,38:1906â€”1915,1978.

7. Davis, F. M., Gyorkey, F., Busch, R. K., and Busch, H. A nucleolar antigen
found in severalhuman tumors but not in nontumor tissues.Proc. Nat
Acad. Sci. USA, 76: 892â€”896,1979.

8. Chan, P.-K., Busch, R. K., Takahashi, K., and Busch, H. Purification of
human tumor nucleolar antigens to electrophoretic homogeneity. Transplant
Proc.,8:1955â€”1957,1981.

9. Chan, P.-K., Feyerbend, A., Busch, R. K., and Busch, H. Identification and
partial purification of human tumor nucleolar antigen 54/6.3. Cancer Res.,
40:3194â€”3201,1980.

10. Chan, P.-K., Frakes, R. L, Busch, R. K., and Busch, H. Isolation and partial
characterization of a nuclear antigen (68/6.3) from the Namalwa cell line (a
Burkift lymphoma). J. Cancer Res.Chin.Oncol., 103: 7-16, 1982.

11. Takahashi,K., Chan,P. K., Busch,P. K., andBusch,H. Identificationand
purification ofNamaleva Nuclear RNP Antigen 52/5.3. J. Cancer Res.Clin.
OncoL, 105: 67â€”75,1983.

12. Spohn, W. H., Ahn, Y. S., Busch, R. K., and Busch, H. Electrophoretic
analysisofHeLa cell and human liver nucleolar proteins and antigens.Cancer
Invest.,3: 307â€”320,1985.

13. Freeman,J. W., McRorie, D. K., Busch,R. K., Gyorkey, F., Gyorkey, P.,
Ross, B. E., Spohn, W. H., and Busch, H. Identification and partial charac
terization of a nucleolar antigen (p145) found in a broad range of human
cancers.Cancer Res.,46: 3593â€”3598,1986.

14. Freeman, J. W., Dowell, B. L, Ochs, R. L, Ross, B. E., and Busch, H. Effect
ofdifferentiationon theexpressionofnucleolarantigenp145 in HL-60 cells.
CancerRes.,47:586â€”591,1987.

15. Chatterjee,A., Freeman, J. W., and Busch,H. Identification and partial
characterization ofa M, 40,000 nucleolar antigen associatedwith cell prolif
eration. Cancer Res.,47: 1123â€”1129, 1987.

16. Bravo,R., Frey,S. J., Bellatin,J., Morse,L P., Celis,A., andCelis, .1.E.
Identification of a nuclear and of a cytoplasmic polypeptide whose relative
proportions are sensitive to changes in the rate of cell proliferation. Exp.
CellRes.,136:311â€”315,1981.

17. Cells, J. E., Madsen, P., Nielsen, S., and Celia, A. Nuclear patterns of cydlin
(PCNA)antigendistributionsubdivideS-phasein culturedcellsâ€”someap
plication of PCNA antibodies. Leukemia Res., 10: 237â€”249,1986.

18. Chan, P.-K., Aldrich, M., Tan, E. M., and Busch,H. Detectionofa 140 kD
nucleolus protein with an anti-PCNA autoantibody. Cell Biol. Int. Rep., 9:
61â€”68,1985.

19. Mathews,M. B.,Bernstein,R. M., Franza,B.R.,andGarrels,J. L Identity
ofthe proliferatingcellnuclearantigenandcydlin.Nature(Lond.),309:374-
376, 1983.

20. Smetana,K., Gyorkey, F., Chan, P.-K., Tan, E., and Busch, H. Proliferating
cell nuclear antigen (PCNA)and human malignant tumor nucleolar antigens
(HMTNA) in nucleoli of human hematological malignancies. Blut, 46: 133â€”
141, 1983.

21. Tan, E. M. Autoantibodies to nuclear antigens (ANA): their immunobiolog
ical and medicine. Adv. Immunol., 33: 167â€”240,1982.

22. Burgess,A. Growth factors and oncogenes.Immunology Today, 6: 107â€”112,
1985.

23. Thompson, C. B., Challoner, P. B., Neiman, P. E., and Groudine, M.
Expression of c-myb proto-oncogene during cellular proliferation. Nature

1250

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

8
/5

/1
2
4
4
/2

4
3
4
8
5
3
/c

r0
4
8
0
0
5
1
2
4
4
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2
2



PROLIFERATION-ASSOCIATED ANTIGEN IN EARLY G, PHASE

(Lond.), 319: 363â€”367,1986.
24. Verrier, B., Muller, D., Bravo, R., and Muller, R. Woundingof fibroblast

monolayer results in rapid induction of the c-los proto-oncogene. EMBO, 5:
913â€”917,1986. 5

25. Freeman, J. W., Busch, R. L, Ross, B. E., and Busch, H. Masking of
nontumorous antigens for developmentofhuman tumor nucleolar antibodies
with improved specificity. Cancer Res., 45: 5637â€”5642,1985.

26. Takacs,B. Polyacrylamidegelelectrophoresis.In. I. Lelkovitsand B. Pernis
(eds.), Immunological Methods, pp. 81â€”lOS.New York: Academic Press,
1979.

27. Towbin, H., Stahelin,T., andGordan,J. Electrophoretictransferof proteins

from polyacrylamidegelsto nitrocellulosesheetsprocedureand someappli
cations.Proc.NatI. Aced.Sci. USA, 76:4350-4354, 1979.

28. Hilgers,J., Nowimsky,R. C., Gearing,G., and Hardy, L Detectionof avian
and mammalian oncogenic viruses by immunofluorescence. Cancer Res.,32:
98â€”105,1972.

29. Coppock,D. L, and Pardee,A. B. Regulationof thymidinekinaseactivity
in the cell cycle by a labile protein. J. Cell. Physiol., 124: 269â€”274,1985.

30. Pardee, A. B., Dubrow, R., Harlin, J. L, and Kletzein, R. F. Animal cell
cycle. Annu. Rev. Biochem., 47: 715-750, 1978.

31. Pardee,A. B. Moleculesinvolvedin proliferationofnormalandcancercells.
Ann. Assoc.CancerRes.,27: 433, 1986.

I251

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

8
/5

/1
2
4
4
/2

4
3
4
8
5
3
/c

r0
4
8
0
0
5
1
2
4
4
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2
2


