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ABSTRACT

In the course of development of a "library" of monoclonal antibodies

to nucleolar proteins, a monoclonal antibody to a nuclear antigen with a
molecular weight of 150,000 was obtained. Using this monoclonal anti
body as an immunocytochemical probe, low immunofluorescence was
demonstrated in human peripheral blood lymphocytes or HL-60 cells
treated with retinole acid. In contrast, a high degree of immunofluores
cence was detected in rapidly proliferating human cells (HeLa, Hep-2,
HL-60), in Novikoff hepatoma cells, and in phytohemagglutinin-activated
human blood lymphocytes. Immunodot blot analysis indicated there were
low levels of M, 150,000 protein in quiescent lymphocytes and increasing
amounts after stimulation with phytohemagglutinin. The increased level
of M, 150,000 protein thus is associated with cell proliferation.

INTRODUCTION

PCNAMike antigenic proteins preferentially occur in divid
ing cells but are present in only small amounts or are undetected
in resting cells (1-5). Several monoclonal antibodies to such
antigens with molecular weights of 145,000, 105,000 and
40,000 have been described previously; these are present in
nucleoli of proliferating tissues but are absent in normal resting
tissues (6-8).

In the present study, a novel M, 150,000 antigen was identi
fied by a monoclonal antibody in nuclei of dividing cells such
as HeLa, Novikoff hepatoma, and Hep-2. This antigen has
PCNA-like properties, inasmuch as it was absent from normal
human blood lymphocytes but it was expressed in large amounts
72 h after PHA stimulation of lymphocytes. Conversely, the
amount of antigen decreased during treatment of HL-60 cells
with retinoic acid.

MATERIALS AND METHODS

Cells. HeLa-Sj cells, Novikoff hepatoma, and Hep-2 cells were grown
in DMEM (Hazelton) supplemented with 10% fetal calf serum at 37Â°C,

in the presence of 5% CÃ›2.
Development of Monoclonal Antibody. Nucleoli were isolated from

15 g of HeLa cells, as previously described (9). HeLa nucleolar proteins
separated from the major immunodominant Protein C23 (M, 110,000,
pi 5.5) were used as the immunogen (7). Initially, nucleoli were ex
tracted with 10 mM Tris-HCl (pH 8.0), 0.2% deoxycholate, 20 mM
dithiothreitol, 10 mM KC1, 0.5 mM MgCl2, 0.5 mM phenylmethylsul-
fonyl fluoride, leupeptin (5 Â¿tg/ml),and aprotinin (Sigma) (10 Mg/ml).
Extracted proteins were fractionated with 30% saturated ammonium
sulfate. The precipitated proteins were dissolved in 1 M NaCl/2 M urea
and used for immunization of BALB/c mice. For each i.p. injection.
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200 ng of the proteins were used per mouse at 1-mo intervals for 6 mo.
One mo after the last injection, 400 n%of proteins were injected per
mouse daily for 3 consecutive days, and on the fourth day, the mice
were sacrificed and the spleen cells were collected. The production of
hybridomas and cloning were carried out as described previously (9).

Immunofluorescent Assay. Immunofluorescent localization was car
ried out as described previously (10,11 ). HeLa cells, Novikoff hepatoma
cells, and Hep-2 cells were grown on glass slides in DMEM containing
10% fetal bovine serum (Hazelton) for 24 h, washed in PBS, and fixed
with 2% paraformaldehyde in PBS for 20 min. After permeabilization
with cold acetone (â€”20Â°C)for 10 min, cells were washed in PBS and
incubated with MAb for 1 h at 37Â°C.After washing with PBS, the

slides were incubated with FITC-conjugated rabbit anti-mouse IgG
(Cappel, Malvern, PA) for 30 min at 37Â°C.The slides were again

washed in PBS, and immunofluorescence was detected using a Zeiss
fluorescent microscope. Cryostat sections of normal human tissues
were also fixed and permeabilized as described earlier (10, 11).

Gel Electrophoresis and Immunoblots. HeLa cells were boiled in
Laemmli sample buffer for 5 min, and extracted proteins were electro-
phoresed on SDS-polyacrylamide gels (12). The proteins were trans
ferred electrophoretically from the gel to nitrocellulose according to
the method of Towbin et al. (13). The nitrocellulose was blocked with
10% goat serum/3% bovine serum albumin for 1 h, incubated with
monoclonal antibody (1:100 dilution in blocking solution), washed with
50 mM Tris-HCl (pH 8.0): 150 mM NaCl:0.05% Tween-20, incubated
with goat anti-mouse IgG conjugated to alkaline phosphatase (1:7000
dilution in blocking buffer) (Promega, Madison, WI), and developed
with 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium
substrate dyes (Promega).

PHA Activation of Peripheral Blood Lymphocytes. Human peripheral
blood lymphocytes were isolated on a Ficoll-Hypaque (Sigma) gradient
and cultured up to 72 h in RPMI 1640 medium (Gibco) containing
10% fetal calf serum and 5 p%per ml of PHA (Sigma). The cells were
collected at various time points (24, 48, and 72 h) by cytocentrifugation
for immuÃ±olocal i/at ion studies (10, 11).

Retinoic Acid Induced Differentiating HL60 Cells. Human promye-
locytic leukemia cells (HL-60) were grown in suspension cultures in
RPMI 1640 medium (Gibco) containing 10% fetal calf serum, 100 IU
of penicillin per ml, 100 /Â¿gof streptomycin per ml, and 1 //M trans
retinoic acid (Sigma) (14). HL-60 cells were treated with retinoic acid
for 120 h, collected, and attached onto slides by cytocentrifugation for
immunocytochemistry (10, 11). Untreated HL-60 cells were used as
controls.

Immunodot Blots. Cells treated with PHA for differing times were
extracted with 9 M urea/0.05% NP40. Extracted protein (150 ^g) was
applied to nitrocellulose in a dot blot apparatus. The blocking and
immunoreactions were done as described in "Gel Electrophoresis and
Immunoblots."

RESULTS

Monoclonal Antibody to p 15(1.A specific MAb of type IgGl
was produced using a mouse immunized with a 0 to 30%
saturated ammonium sulfate fraction of a Tris-deoxycholate
extract of HeLa nucleoli. This MAb strongly recognized a
major M, 150,000 polypeptide band and a second M, 105,000
band in total HeLa cell extracts (Fig. 1). Several other faint
bands were due to weak nonspecific interactions.

Expression of Nuclear Antigen pi 50 in Various Tissues. In
direct immunofluorescence by the MAb produced bright gen
eralized nuclear fluorescence in HeLa, Novikoff hepatoma, and
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Table 1 Immunocytochemical localization of pi 50 in normal and
tumor cells/tissues

Specimens Immunoreactivity"

Normal resting tissue
Human liver
Human kidney
Human lymphocytes

Tumor cell lines
HeLa cells
Novikoff hepatoma cells
Hep-2
HL-60
Lung tumor (human)

ND*

ND
ND

Â°Immunoreactivity was determined by indirect immunofluorescence micros

copy. Cells and tissues were reacted with MAb to pi50. Following incubation
with primary antibody, the specific immunofluorescence was detected using a
fluorescein-conjugated goat anti-mouse second antibody.

* ND, not detected.

-43

D, and F, consists of phase images of lymphocytes at 0 h, 48 h,
and 72 h of PHA stimulation, respectively. In addition, p 150
was assayed by a dot blot immunoassay (Fig. 5). Only trace
amounts were detected at 0 time with a slight increase after 24
h of PHA treatment. A sharp increase was noted at 48 h of
PHA stimulation with no further changes at 72 h (not shown).
Increased RNA synthesis was observed after 24 h, reaching
maximum levels after 48 h, while DNA synthetic activity did
not increase until 48 h of stimulation (Fig. 6).

Fig. 1. Immunoblot of HeLa cells using monoclonal antibody specific for
plSO. HeLa cells were extracted with Laemmli sample buffer (12), boiled for 5
min, and electrophoresed on a sodium dodecyl sulfate-7.5% polyacrylamide gel.
Subsequently proteins were transferred to nitrocellulose and probed with mono
clonal antibody to p ISO as described in "Materials and Methods."

Hep-2 cells (Fig. 2, A to C; Table 1); the nucleoli were negative
and appeared as dark spherules in Hep-2 cells (Fig. 2C). Only
background fluorescence was observed in normal human liver
(Fig. 21)). human kidney, or in quiescent peripheral blood
lymphocytes (Fig. 4A; Table 1).

Expression of plSO in HL-60 Cells. Dividing HL-60 cells
showed bright nuclear fluorescence with the MAb to p 150 (Fig.
3/1). After treatment with retinole acid for 120 h, the nuclear
fluorescence was essentially gone (Fig. 3fi). Fig. 3, C and D, is
toluidine blue-stained undifferentiated and 120-h retinoic acid-
treated HL-60 cells, respectively, to show the morphological
changes of the differentiated HL-60 cells (Fig. 3D). Previous
studies performed under similar conditions have shown that
treatment of HL-60 cells for 120 h with retinoic acid resulted
in differentiation of more mature myeloid cells which are char
acterized by segmented nuclei and decreased DNA synthesis
(14).

Immunodetection of plSO in PHA-activated Blood Lympho
cytes, p 150 was either absent or present in very low amounts
in resting peripheral blood lymphocytes (Fig. 4A). When these
lymphocytes were activated to proliferate with PHA, immuno
fluorescence was increased at 48 and 72 h (Fig. 4, C and E). At
72 h (Fig. 4E), the bright immunofluorescence was essentially
the same as noted in the tumor cells. At 48 h of PHA stimula
tion, p 150 was also localized in nucleoli (Fig. 4C). Fig. 4, B,

DISCUSSION

This report describes the development of a monoclonal anti
body to a nuclear antigen with a molecular weight of 150,000.
Expression of this antigen was monitored in various cell lines
and tissues, in particular in human blood lymphocytes in the
course of PHA treatment and HL-60 cells during differentiation
induced by retinoic acid, p 150 was not detected in unstimulated
lymphocytes, while increased levels were observed in 48- to 72-
h PHA-stimulated lymphocytes. At the intermediate time point
of 48 h of PHA stimulation, p 150 was also localized in nucleoli
(Fig. 4C). This may indicate a temporary association of pi50
with hyperactive nucleoli in PHA-activated lymphocytes. Over
all, the rise in p 150 expression during PHA stimulation paral
lels the onset of DNA synthesis. Expression was high in undif
ferentiated HL-60 cells but low or absent in cells induced to
differentiate with retinoic acid for 5 days. Thus levels of this
antigen may be correlated with cell proliferation.

Such patterns of expression have been observed previously
by our laboratory in several PCNA-like nuclear/nucleolar an
tigens recognized by monoclonal antibodies: a M, 40,000 anti
gen (7); a Mr 105,000 antigen (8); a M, 120,000 antigen (15);
and a M, 145,000 antigen (6). These antigens were each specif
ically recognized as a single band in HeLa extracts; none had
the migration of the antigen described here. This antigen is also
characterized by general nuclear immunofluorescence which
differs from the specific nucleolar localization of the antigens
described earlier.

On Western blots, a strong immunopositive polypeptide band
was observed at a molecular weight of 150,000. In addition, a
second A/r 105,000 band was apparent. Reactivity of a mono
clonal antibody with more than one polypeptide raises the
question of the monoclonal status of the clone. However, lim
ited dilution has been performed to ensure the monoclonal
status of the antibody-producing clone. Several interpretations
are possible as to the nature of the second immunoreactive M,
105,000 band, (a) It may represent a degradation product of
the M, \ 50,000 polypeptide generated either during cell extrac-
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Fig. 2. Immunocytochemical localization of
HeLa cells (A), Novikoff hepatoma cells (B),
Hep-2 cells (C), and normal human liver tissue
(D). Cells were grown on slides, fixed with 2%
paraformaldehyde, permeabilized with cold
acetone (-20'C), and incubated with pl50
monoclonal antibody (IgG purified by DEAE-
Affigel blue, 1:100 diluted in PBS) for 1 h.
Following incubation, the antigen was detected
using a FITC-coupled goat anti-mouse second
antibody. The arrows point to nuclei, x 400.

Fig. 3. Immunocytochemical localization in
undifferentiated and retinoic acid-treated HL-
60 cells. A, untreated HL-60 cells (control); B,
HL-60 cells treated with retinoic acid for 5
days; C toluidine blue stain of untreated HL-
60 cells; fl, 5-day retinoic acid-treated HL-60
cells. The arrows point to the differentiated
cells. The procedure followed was described in
"Materials and Methods."
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Fig. 4. Immunocytochemical localization in
unstimulated and PHA-stimulated peripheral
blood lymphocytes.^, unstimulated peripheral
blood lymphocytes; B, phase image of A; C,
lymphocytes stimulated with PHA for 48 h; D,
phase image of C; E, lymphocytes stimulated
with PHA for 72 h; F, phase image of E. The
arrows in C and D point out nucleolar fluores
cence and their phase images, respectively, at
48 h of PHA stimulation. The procedure fol
lowed was as described in "Materials and
Methods."

Fig. 5. Quantitation of p 150 in PHA-stimulated lymphocytes. Proteins were
extracted from lymphocytes with 9 M urea/0.05% NP40. At different time points
(0 h, 24 h, 48 h), the same amount of protein (150 >ig) was applied to a
nitrocellulose membrane. Immunostaining of the dot blot with anti-pi 50 MAb is
described in detail in "Materials and Methods." A, control lymphocyte; A, 24-h
PHA stimulated; C, 48-h PHA stimulated.

tion or present in the native cell in a precursor-product rela
tionship, (b) It may be a structurally unrelated protein that
cross-reacts with the antibody due to presence of a similar
epitope. The M, 105,000 polypeptide is different from topoi-
somerase I (Fig. 7) and Protein C23 (A/r 110,000, pi 5.5) due
to its different electrophoretic mobility. Furthermore, Protein
C23 is uniquely localized to the nucleolus unlike the general
nuclear fluorescence observed with the monoclonal antibody to
p 150 (+105).
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Fig. 6. Kinetics of DNA and RNA synthesis in unstimulated and PHA-
stimulated lymphocytes. Human lymphocytes were isolated and grown in the
presence of PHA. At the time points indicated, cells were collected. Incorporation
of ['Hluridine or [3H]thymidine during a 1-h incubation into the trichloroacetic
acid-precipitable macromolecular fraction was measured.
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Fig. 7. Cross-reactivity of the monoclonal antibody to pi SOwith rat topoisom-
erase I. Electrophoresis conditions were as in Fig. 1. Lanes 1 and 3, whole HeLa
cell extracts; Lanes 2 and 4, 0.5 ^g of purified rat topoisomerase I. Lanes 1 and
2 were probed with monoclonal antibody to pi 50, and Lanes 3 and 4 were probed
with polyclonal antibody to rat topoisomerase I.

The anti-pi50 monoclonal antibody showed no cross-reactiv
ity with any of the antigens described earlier (6-8,15). However,
it weakly cross-reacted with purified rat topoisomerase I (Fig.
7). In whole HeLa cell extracts, the major reactivity of the
monoclonal anti-pl50 was with pl50/105. Other weaker im-

munoreactive bands are likely due to degradation in this partic
ular HeLa cell extract which had been frozen/thawed unlike

the freshly prepared boiled extract used for preparation of Fig.
I. The pattern differed from that obtained with a polyclonal
anti-topoisomerase I IgG which recognized topoisomerase I
specifically as a M, 100,000 band in the same whole HeLa cell
extract (Fig. 7). These data show that the monoclonal antibody
cross-reacts to some extent with topoisomerase I. This could
be due to a short region of similarity in the topoisomerase I
molecule that mimics an epitope of the monoclonal antibody
in the p 150 molecule. Such cross-reactivity has been observed
with other monoclonal antibodies, e.g., a monoclonal antibody
that cross-reacted with human casein and a-lactalbumin (16).

The antibody's reactivity with both human (HeLa, Hep-2)

and rat cells (Novikoff hepatoma) indicates cross-reactivity
between these species. The extract used to immunize mice was
obtained from purified HeLa nucleoli. The major localization
of p 150, however, appears to be throughout the nuclei. Some
preferential nucleolar staining was observed in an intermediate
stage during PHA stimulation of lymphocytes (Fig. 4C). This
may reflect a temporary increase in levels of p 150 within
nucleoli or may reflect a change in accessibility of the antigenic
site. Further studies are in progress to more precisely define
the localization of p 150 and its function in the cell and its
relation to the M, 105,000 polypeptide.
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