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Abstract

diagnostics.

Background: According to recent data malignization of cells is accompanied not only by overexpression of
protein B23/nucleophosmin, but also by formation of its new structural forms including unusual oligomers. The aim
of this study was to evaluate the structural features of nucleophosmin in tumor cells.

Materials and methods: Structural state of nucleophosmin was analyzed in different human tumor
cells (HeLa, NGP, Hep G2, Osa-CL, Jurkat, Ramos, K-562) and human lymphocytes stimulated to proliferate
by phytohemagglutinin. Commercially available monoclonal antibodies and
antibodies were used for analysis of monomer-oligomer state of nucleophosmin by immunochemical method and
for determination of intracellular localization of monomers and oligomers by immunocytochemical method.

Results: We revealed unusual SDS-resistant oligomeric forms of nucleophosmin in tumor cells of different
type. Using protein chemistry strategy we showed the presence of truncated B23 isoforms in HelLa cells and
their ability to form SDS-resistant oligomers. For the first time we created antipeptide antibodies which allowed
differentiate monomeric and oligomeric nucleophosmin forms in tumor cells. Using these antibodies we showed
different intracellular localization of monomers and oligomers in tumor cells.

Conclusions: We propose that formation of SDS-resistant oligomeric forms of nucleophosmin is a common
feature of human tumor cells and their detection with described antipeptide antibodies may be used for tumor

new obtained by us antipeptide

Keywords: Monomer-oligomer state; Nucleophosmin; SDS-resistant
oligomers; Antipeptide antibodies; Tumor cells

Introduction

Nucleophosmin (protein B23, NPM 1) belongs to the family of
nuclear chaperones, nucleoplasmins. Nucleophosmin was initially
found in nucleoli, it was named a key nucleolar protein involved
in ribosome biogenesis. Today it is known that nucleophosmin
is localized not only in nucleolus but also in nucleoplasm and
cytoplasm [1] and plays a significant role in many processes such as
cell proliferation, regulation of cell cycle, apoptosis and carcinogenesis
[2]. The role of nucleophosmin in carcinogenesis is very intricate and
diverse. Nucleophosmin is considered as an oncomarker and possible
protooncogen participating in regulation of the activity and stability of
tumor suppressor proteins Arf and p53 [2-4].

Such polyfunctionality of nucleophosmin is due to both the protein
structure with complex domain organization [5-7] and existence of a
family of its numerous structural forms: isoforms B23.1 and B23.2, a
lot of forms resulting in posttranslational modifications of isoforms,
homo- and heterooligomers of different nucleophosmin forms [7,8].
Only the long B23.1 isoform contains unique C-terminal domain and
namely this domain involves a nucleolar localization signal sequence
crucial for nucleic acid binding. For this reason isoform B23.1 is
mainly localized in RNA-rich nucleolus. Isoform B23.2 non containing
C-terminal domain is mainly localized in nucleoplasm and cytoplasm.
The properties of the monomers and the oligomers are also different.
The most of the functions such as chaperoning, RNA-binding etc. are
realized by oligomers and only DNA-binding activity is realized by
B23.1 monomer [7,8].

The most complicated situation is typical for tumor cells in which
not only overexpression of nucleophosmin leading to a decrease in
cell sensitivity to apoptosis is observed, but also takes place formation

of its new structural forms [2,3]. It was shown that the gene of
nucleophosmin most frequently underwent modifications (mutations,
deletions, translocations) during malignant blood disorders [9,10].
The mutations in C-terminus of B23.1 isoform represent the most
common genetic alteration so far identified in patients with acute
myeloid leukemia with normal karyotype. The mutant isoforms
lose nucleolar localization signaling sequence and have abnormal
cytoplasmic localization. In a number of hematological malignancies
nucleophosmin gene is fused with different partner genes, such as genes
of anaplastic lymphoma kinase, receptor of retinoic acid a and myeloid
leukemia factor 1 [9,10]. Fused and mutant forms change the content
and the localization of the wild-type nucleophosmin through forming
of its heterooligomers. In solid tumors (liver, breast, ovary, prostate,
large bowel, and stomach cancer), nucleophosmin is overexpressed as
well [11,12] but its structural state is less studied. It is only known that
patients with hepatocellular carcinoma have a truncated (by about 1
kDa) form of nucleophosmin making oligomers, which are cleaved by
granzyme B and detected by SDS-PAGE [12]. Such oligomers, termed
by the authors as SDS-resistant, have not been found in normal and
cirrhotic liver cells. At the same time, oligomeric forms of B23 exist
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in normal and cirrhotic liver cells and are visible under “native” gel
electrophoresis (without SDS). We and other authors [13,14] have
found SDS-resistant nucleophosmin oligomers also in human cervical
carcinoma (HeLa) cells. In our recent work [15] we have developed a
strategy using the arsenal of protein chemistry methods for isolation
and structural analysis of nucleophosmin forms functioning in HeLa
cells. We applied this strategy for structural analysis of nucleophosmin
in different tumor cells in this work.

The purpose of the present work is to evaluate monomer-
oligomer state of nucleophosmin in tumor cells of different types, to
reveal abnormal tumor specific forms and to develop instruments
for detection and characterization of these forms including unusual
oligomers of nucleophosmin.

Materials and Methods
Materials

The following materials were used in this work: 10% fetal bovine
serum (FBS), DMEM culture medium (HyClone, USA); gentamicin,
penicillin, streptomycin (Gibco, UK); versene solution (Paneco,
Russia); calibration standard proteins (SDS-6H) ), horseradish
peroxidase-conjugated goat antibodies to rabbit or to mouse
(IgG + IgM), paraformaldehyde (PFA), EDTA disodium salt,
3,3’-diaminobenzidine (DAB), BSA, OVA, KLH (Keyhole Limpet
Hemocyanin), HISTOPAQUE-1077 (Sigma, USA); CFA (complete
Freund’s adjuvant) and IFA (incomplete Freund’s adjuvant) (MP,
Biomedicals, USA); CNBr-activated Sepharose 4B (GE healthcare,
Sweden); reagents for electrophoresis and blotting (BioRad, USA);
reagents for the peptide synthesis, derivatives of amino acids (Merck,
Germany; Fluka and Senn Chemicals, Switzerland); Immobilon-NC
and -P membranes, pore diameter 0.45 pm (Millipore, USA); RPMI
1640 (ISN, UK); phytohemagglutinin (PHA, Difco, UK); Mowiol
(Hoechst, USA); fluorescein isothiocyanate (FITC)-conjugated goat
antibodies to rabbit or to mouse (IgG + IgM) (Sorbent, Russia). Other
reagents were domestic products of chemical or high purity grade.

Cell cultures

Human cell cultures Hela (cervical carcinoma), NGP
(neuroblastoma), Hep G2 (hepatocellular carcinoma), Osa-CL
(osteocarcinoma) and mouse cell culture NIH/3T3 (embryonic
fibroblasts) were grown in culture flasks or on cover slips asa monolayers
in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
10% FBS, penicillin (10 pg/ml) and streptomycin (10 pug/ml) at 37°C in
5% CO, humidified incubator at 37°C. Suspension cell cultures Jurkat
(acute T-cell leukemia), Ramos (B-chronic lymphatic leukemia) and
K-562 (chronic myeloid leukemia) were grown in RPMI 1640 medium
supplemented with 10% FBS, 4 mM L-glutamine, 1 mM sodium
pyruvate, 20 mM HEPES and gentamicin (50 pg/ml). All cells were used
in exponential growth phase. Harvesting, washings and centrifugation
of cells were performed as described in [16].

PHA-stimulated proliferation of lymphocytes

Human peripheral blood lymphocytes were obtained by gradient
centrifugation via HISTOPAQUE-1077 as described in [17] from
blood of 9 healthy donors. Lymphocytes were washed twice in RPMI
1640 medium with following centrifugation at 1500 rpm (200 g) for 5
min (Elmi, Latvia). Then lymphocytes (10° cells per ml) were cultured
in RPMI 1640 medium containing 10% of pool human serum (AB
group, IV), 0.01 M HEPES, glutamine (1%) and gentamicin (50 pg/ml).

After counting in the Goryaev chamber lymphocytes were divided into
two equal parts: for PHA stimulation and control test (without PHA).

PHA-stimulation of lymphocytes was carried out as described in
[17]. For stimulation lymphocytes samples (1x10° cells/ml) were used.
To each of them 50 pg/ml of PHA was added and the lymphocytes were
incubated for the 24, 48 and 72 h at 37°C in CO, incubator. Cell number
was determined following cell clumps disaggregation by their passing
to culture medium through a fine gauge needle with the addition of 1
mM EDTA. Cell viability was determined by trypan blue.

Antibodies

In our work we used monoclonal antibodies to protein B23 obtained
in the Hematology Research Center, Russia (MAb 3C9 described in
[18]), commercially available antibodies FC82291 (sc-56622, Santa
Cruz Biotechnology, USA) and new antipeptide antibodies, obtained
by us.

Antipeptide antibodies

Peptide synthesis: The following B23 fragments for induction
of antipeptide antibodies were synthesized: N-terminal fragment
(19-36 FGCELKADKDYHFKVDND), containing in all B23 forms
and C-terminal fragment (283-294 AIQDLWQWRKSL), containing
only in isoform B23.1. Shortened fragment (288-294 WQWRKSL)
was synthesized for affinity chromatography of antibodies received
against peptide (283-294) (numeration is given according to Swiss-
Prot: P06748.2). Peptides were synthesized by the solid-phase Fmoc-
chemistry as described in [19]. The homogeneity of the peptides was
estimated by analytical reverse-phase HPLC chromatography, amino
acid and MALDI mass spectrometry analysis. Peptides (19-36) and
(283-294) were conjugated with a carrier protein KLH for rabbit
immunization or with OV A for ELISA as described in [19].

Rabbit immunization and ELISA: Rabbits were immunized at 5-6
week intervals with 1 mg of the conjugated peptides emulsified in CFA
(firstinjection) and in IFA (second and third injections) subcutaneously
into six points. Third injection was performed with decreased to 0.5 mg
dose of peptide. Obtained rabbit antisera were tested in ELISA for their
binding to corresponding peptides as described in [19]. For this, wells
of a plate were coated with OV A-conjugated peptide and incubated
with diluted sera (starting from dilution 1:40) followed by addition of
secondary antibodies. Antibody titers were quantified by an end-point
dilution approach (highest dilution of the sera with OD>0.1 that is
still positive). Sera against peptides (19-36) and (283-294) had titers
1:1320000 and 1:640000, correspondingly.

Purification of antibodies using affinity chromatography:
Preparation of affinity adsorbent was carried out as described in [19].
For this 1mg of peptide (19-36) or (288-294) was dissolved in 1 ml of
0.1 M NaHCO, (pH 8.3) containing 0.5 M NaCl, then was mixed with
the CNBr-activated Sepharose 4B and gently rotated for 1 h at 20°C.
Not bound ligand was washed away and remaining active groups were
blocked with solution of 0.2 M Gly in 0.1 M NaCl (pH 8.0) for 2 h at
200C. According to amino acid analysis data 1 ml of sorbent contains
0.40 mg of attached peptide (19-36) and 0.45 mg of peptide (288-294).
The affinity sorbent (5 ml) was placed in a glass column and washed
with 50 ml of PBS (pH 7.4). Rabbit serum (2 ml) against peptide (19-
36) or (283-294) was applied into the column for 1 h. Sorbent was
washed with 20 ml of PBS. The specific antibodies were eluted with
0.1 M glycine-HCI (pH 2.2) and the eluate was adjusted to pH 8.7 with
1.5 M Tris-HCI buffer. The protein concentration of the samples was
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determined by UV absorbance (280 nm) and calculated in accordance
with ¢ (mg/ml)=D/1.4 (D - optical density).

The extraction of nuclear proteins

Nuclei from HeLa cells were isolated using NP-40 method
described by Chan [13] and modified by us [15]. The isolated nuclei
were incubated in ice-cold buffer 10 mM Tris-HCI (pH 7.4) for 15
min and centrifuged at 1720 g (4°C) for 10 min on 5804R centrifuge
(Eppendorf, Germany). This procedure was repeated twice and
supernatants were united.

Immunofluorescence staining

HeLa cells were grown on cover slips. Ramos, K-562 cells were
washed out from the medium and placed on multitest slides covered
with 0.1% poly-L-lysin. The slides were incubated in humid atmosphere
at room temperature for 30 min. Cells were treated with 0.5% Triton
X-100 in PBS for 5 min on ice followed by fixation with 2% PFA in
PBS for 20 min at room temperature. Fixed cells were washed in PBS
twice for 10 min and incubated with primary antibodies for 30 min
at room temperature. We used monoclonal antibodies in a dilution
of 1:100, and antipeptide antibodies in a dilution 1:80. After washing
the cells in PBS (3x10 min) the secondary FITS- conjugated antibodies
in a dilution 1:80 were applied for 30 min. After washing with PBS
samples were embedded in Mowiol. Cells were photographed with
Photomicroscopes “Opton” or “Axiophot” (Carl Zeiss, Germany),
using a Plan-Neofluar 100X objectives. For negative controls, PBS was
used instead of the primary or secondary antibodies.

Preparing samples for electrophoresis

The cell suspensions were supplemented with PBS (in some cases
with RSB or 10mM Tris-HCI (pH 7.4)) and glycerol to adjust the
protein concentration in the sample to ~1-1.5 mg/ml and the glycerol
concentration to 30% before being treated with lysing solutions.
Then to the samples lysing solution which contained SDS, EDTA and
2-mercaptoethanol (2-ME) was added to the concentration of 5%,
2.5%, and 1 mM, respectively. The mixture was maintained at 100°C
for 1 min. The samples for “native” electrophoresis were processed
under the conditions described in [13]: the cells were suspended in the
lysing 10 mM Tris-HCl buffer, pH 7.4, containing 150 mM KCI, 1 mM
MgCl2, and 1 mM DTT. The mixture was incubated at 37°C for 20
min followed by addition of 0.1 volume of the staining solution (0.1%
bromphenol blue in 50% glycerol). During the treatment of samples for
electrophoresis by the Laemmli method [20], the cells were suspended
in the lysing 62.5 mM Tris-HCI buffer, pH 6.8, containing 2% SDS,
5% 2-ME, 10% glycerol, and 0.002% bromphenol blue and incubated
at 100°C for 5 min. Equal quantities of protein samples were used for
electrophoretic analysis.

SDS-PAGE and immunoblotting

Electrophoresis was performed by the Laemmli method [20]
at 12°C. Electrotransfer was performed as described in [21] onto
Immobilon-NC membranes for immunostaining or onto Immobilon-P
membranes for sequencing, hydrolysis of C-terminal amino acid
residues with carboxypeptidases and removing of acetyl protection from
protein. The electrotransfer was done in 0.025 M sodium bicarbonate
buffer (pH 9.0), containing 20% CH,OH and 0.1% SDS, at 12°C and
constant current of ~400 mA for 4 h. For more efficient transfer of
proteins with different molecular weights, a two-stage differentiated
electrotransfer was used: the proteins with molecular weights <60 kDa
(the lower region of the gel) were transferred for 3 h, and the proteins

with the higher molecular weights (the upper region of the gel) were
transferred additionally for 12 h. Immunostaining was performed with
monoclonal or antipeptide antibodies in dilution 1:1000 and 1:500,
correspondingly. The appropriate secondary antibodies were used in
dilution 1:3000. DAB staining was performed as described in [16].

Results and Discussion
Structural analysis of nucleophosmin in HeLa cells

SDS-resistant oligomers, similar to oligomers discovered in
hepatocellular carcinoma cells by Ulanet et al. [12] were revealed in
cervical carcinoma cells (HeLa) by Chan [13] and by us [14] using
immunochemical method. However, in majority of investigations
only monome'rs of nucleophosmin in HeLa cells were revealed by this
method. What is the reason of such contradiction? We proposed that
this contradiction could be due to at least three factors: to destruction
of oligomers during sample treatment before electrophoresis, or to
incomplete electrotransfer of oligomers, or to use of antibodies unable
to detect the oligomers. We have studied the influence of these factors.
The influence of different sample treatment is shown on Figure 1la.
Treatment by standard Laemmli buffer: 62.5 mM Tris-HCl buffer (pH
6.8), containing 2% SDS, 5% 2-mercaptoethanol, 10% glycerol and
0.002% bromphenol blue [20], and heating (100°C, 5 min) leaded to
destruction of oligomers, only monomers are seen on blot (lane 1).
Treatment by buffer without SDS, which was used by Chan [13], leaded
to preservation of oligomers, but a large amount of protein remains on
the start line (lane 2). We change conditions for sample treatment (see
part “Materials and Methods”).We found that introducing of glycerol
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Figure 1: Effect of different sample treatment on the monomer-oligomer state
of nucleophosmin in HeLa cells (a) and comparative analysis of the monomer-
oligomer state of nucleophosmin in HeLa and Hep G2 cells (b). a) Samples
were treated under conditions: of traditional Laemmli method at 100°C for 5
min (1), of “native” electrophoresis at 37°C for 20 min (2), of our modification
at 100°C for 1 min (3); b) HeLa (1) and Hep G2 (2) cells were treated in our
modification at 100°C for 1 min. SDS-PAGE was performed by the Laemmli
method in 7.5% PAG. The proteins were electrotransferred in two stages.
Here and in Figures 2-4 strokes show the lines of membrane section; MAb
to protein B23 3C9 (a) and FC 82291 (b) were used for immunostaining;

positions of marker proteins are shown on the left.

J Cancer Sci Ther
ISSN:1948-5956 JCST, an open access journal

Volume 3(8): 205-212 (201) - 207



Citation: Vladimirova NM, Pisareva MA, Zharskaya OO, Deineko NL, Bulycheva TI, et al. (2011) Tumor Specific Oligomeric Forms of Nucleophosmin.

JJ Cancer Sci Ther 3: 205-212. doi:10.4172/1948-5956.1000090

Page 208 of 8

before addition of lysing solution and shorter time heating (100°C, 1
min) lead to preservation of oligomers even in SDS-containing buffer
(lane 3).

We found that electrotransfer under standard conditions (for 3-4
h) proved to be insufficient for the complete transfer of proteins with
different molecular weights, in particular, nucleophosmin monomers
(38-40 kDa) and oligomers (210-230 kDa) (data not shown). Therefore,
we used two stage electrotransfer: the bottom part of the gel containing
proteins with molecular weights of <60 kDa was blotted for 3 h,
while the top part of the gel with high molecular weight proteins was
blotted for 15 h. In our experiment the electrode buffer and the gel
contained 0.1% SDS and the samples were treated in PBS containing
30% glycerol, 5% SDS, and 2.5% 2-ME at 100°C for 1 min. One band
corresponding to the monomeric form and three bands corresponding
to the oligomeric forms of nucleophosmin were detected under this
treatment on immunoblots. The oligomeric forms were most prevalent
(Figure la, lane 3). It should be noted that these oligomers have the
same molecular weights (210-230 kDa) as oligomers, detected in HeLa
cells by “native” electrophoresis, where sample buffer did not contain
SDS [13] and in Hep G2 cells by SDS-PAGE, where sample buffer with
reducing amount (to 0.1%) of SDS was used [12]. Using our modified
method it was shown that HeLa and Hep G2 cells had similar sets of
nucleophosmin oligomeric forms (Figure 1b).

The lack of information about role of monomers and oligomers of
nucleophosmin in tumor cells is due to absence of antibodies which
can selectively detect these protein forms. Majority of 20 described
antibodies are able to detect only monomers and they are not able to
detect oligomers or their ability to detect them was not investigated.
Only three antibodies [12,13,18] detected both monomers and
oligomers, but without selectivity. Two of them we used in our work
(3C9and FC 82291). These antibodies gave the same information about
monomer-oligomer state of nucleophosmin in HeLa cells (Figure 1la,

b). The antibodies against individual isoforms of nucleophosmin were
not described.

To test the assumption of Ulanet [12] that SDS-resistant oligomers
appearance connected with truncation of nucleophosmin, we
conducted direct structural analysis of nucleophosmin in HeLa cells.
Taking into account probable existence of several nucleophosmin
forms and nucleoplasma-nucleolus localization of them, we decided
to assess nucleophosmin state not in the nucleoli but in the nuclei of
HeLa cells. The nuclei were isolated by the method described in [13]
using hypotonic RSB buffer (10 mM Tris-HCI (pH 7.4), 10 mM NacCl,
1.5 mM MgCl,). Namely this method was used to obtain HeLa nuclei
for subsequent isolation and proteomic analysis of nucleoli, where only
B23.1 isoform beginning from Met1 was detected [22,23].

We first observed that exposure of the cells in RSB buffer leads
to decomposition of oligomers and to appearance of a low molecular
weight band in the zone of monomers (Figure 2a, lane 2). The analogous
band doublet was detected in the fraction of isolated nuclei incubated
in RSB (lane 3). We also found that following treatment of obtained
nuclei with 10 mM Tris-HCI (pH 7.4) resulted in substantial swelling
of the nuclei accompanied by protein washout. Electrophoretic analysis
showed that the supernatant fraction (Figure 2b, lane 3) has nine most
intensely Coomassie stained protein bands, two of which (4 and 5)
contained nucleophosmin according to immunostaining (Figure 2c,
lane 3). The following nine proteins were identified by MALDI-MS
analysis of tryptic peptides in the supernatant: vimentin, keratin-8,
B/y-actin, nucleophosmin, GAPDH, hnRNP A2/Bl, and histones
H2A, H2B, and H4 [24]. At the same time, the quantity of B23 in the
pellet (in the nuclei) considerably decreased after treatment and the
only one high molecular weight monomer band (Figure 2c, lane 2)
corresponding to nucleophosmin form remaining tightly bound to the
nucleolar structures was detected.
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Figure 2: Immunochemical (a, c, d) and electrophoretic (b) analysis of the influence of hypotonic treatment of HeLa cells (a) and nuclei (c, d) on state of nucleophosmin.
a) Hela cells in PBS (1), RSB (2), nuclei in RSB (3); b, c) nuclei in RSB (1), fraction of nuclei (2) and supernatant (3) after extraction with 10 mM Tris-HCI; d) HeLa
cells (1), fractions of supernatant and nuclei were kept in 10 mM Tris-HCI (2, 4), or in 10 mM Tris-HCI, containing 140 mM NaCl (3, 5). Samples were treated for
electrophoresis in buffers (PBS, RSB, or 10 mM Tris-HCI) containing 30% glycerol by lysing solution at 100°C for 1 min. SDS-PAGE was performed by the Laemmli
method in 7.5% PAG. The proteins were electrotransferred in two stages. Positions of the nine protein bands of supernatant fraction more intensively stained with
Coomassie G-250 are shown on the right (b); the two of them (4 and 5) contained nucleophosmin (c, lane 3).
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The detailed structural analysis of nucleophosmin extracted from
the nuclei was carried out. We developed a method for identification
of structurally close isoforms B23.1 and B23.2 based on the analysis
of their C-terminal sequences using carboxypeptidase hydrolysis
[15] and showed that protein band 4 contained only isoforms B23.1,
and band 5 contained isoform B23.2. We also demonstrated that
nucleophosmin N-terminus is blocked by acetyl group. Deacetylation
of nucleophosmin allowed us to carry out its sequencing and to
establish that the N-terminus of isoforms is truncated by nine amino
acid residues.

We have investigated possibility of formation of the SDS-stable
oligomers from truncated forms. The addition of NaCl up to 140 mM
into samples of supernatant and nuclei in 10mM Tris-HCl buffer leaded
to formation of oligomers from monomers. Western-blot analysis
(Figure 2d) showed that nucleophosmin is detected only as monomers
in the supernatant and in the nuclear pellet fractions treated with 10
mM Tris-HCl (pH 7.4) (lanes 2 and 4). Different sets of oligomers
were formed from these fractions on addition of NaCl (lanes 3 and 5).
In supernatant the two most intense bands were corresponded to the
bands of low molecular weight oligomers which were detected in the
HeLa cell lysate (line 1). However, the high molecular weight oligomer
band absent in supernatant was dominated in the treated nuclei sample.
Thus, it has been shown that truncated nucleophosmin does produce
SDS-resistant oligomers, but their set does not correspond to the
complete set of oligomers observed in the cell lysates. Most probably,
the two pools of nucleophosmin (extractable and not extractable) are
structurally different. This fact is confirmed by literature data where in
the nucleoli of HeLa cells tryptic peptide of nucleophosmin beginning
from Met1 was detected by MALDI-MS [22,23].

Analysis of nucleophosmin in human tumor cell cultures and
normal rat tissues

For analysis of the structural state of nucleophosmin in different
tumor cells and normal rat tissues we used immunoblotting scheme

developed by us for concurrent detection and semiquantitative
evaluation of monomeric and oligomeric B23 forms in HeLa cells
[15]. According to the immunoblot analysis (Figure 3) remarkable
differences were observed: 1) the content of protein B23 in normal
rat tissues (liver, kidney, lung, heart) was significantly lower than in
human tumor cells and actively proliferating mouse NIH/3T3 cells; 2)
SDS-stable oligomeric forms of nucleophosmin were observed in all
investigated human tumor cells and mouse NIH/3T3 cells, the number
of these forms and their electrophoretic mobility varied (a); 3) SDS-
stable oligomeric forms of nucleophosmin were not detected in normal
rat tissues (b), including the most enriched in protein B23 liver tissue
(b, lane 5) and isolated from its nuclei (b, lane 6). Thus, in normal
tissues protein B23 was detected only in monomeric form whereas in
neoplastic cells it was detected both in monomeric and in specific SDS-
resistant oligomeric forms under the same conditions. It might indicate
the existence of conformationally distinct nucleophosmin forms in
tumor cells. These findings are entirely consistent with the data on
the state of the protein B23 in tumor and normal liver tissues [12]. So,
for the first time we have demonstrated that not only overexpression
but also formation of nucleophosmin SDS-stable oligomeric forms is
a common feature of tumor and actively proliferating cells. It became
apparent that detection of oligomeric forms of nucleophosmin may be
important for the diagnosis of tumors.

Antipeptideantibodies as instrument for the specific detection
of monomeric and oligomeric forms of nucleophosmin in
tumor cells

We decided to create antibodies for the specific detection of
monomeric and oligomeric forms of nucleophosmin with using of its
synthetic fragments. First of all we carried out the revision of structures
of different nucleophosmin forms for the selection of antigenic sites.
We found that N-terminal part of nucleophosmin which contains
residues from 1 to 117 (oligomerization domain) is a common part for
all known forms of nucleophosmin including two isoforms, its mutant
and fused forms [2,3]. It is known that residues Tyr-17, Leu-18, Phe-31,
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Figure 3: Immunochemical analysis of nucleophosmin in different human tumor cells and mouse fibroblast cells NIH/3T3 (a) rat normal tissues and liver nuclei (b).
Electrophoresis was performed in 7.5% (a) and 10% (b) PAG. For immunostaining MAb FC 82291 was used.
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His-40 are involved directly in intermolecular contacts in oligomers
[2,3,25]. We proposed that antibodies directed to fragment from
N-terminal region (19-36) which is involved in intermolecular contacts
in oligomers will not bind with oligomeric forms of nucleophosmin,
but will interact only with its monomeric forms. It is known also that
isoform B23.1 is a major form in tumor cells, it is included in all known
heterooligomers and its C-terminal region containing residues (283-
294) is exposed on the surface of both oligomers and monomers [9].
Therefore we proposed that antibodies directed to this region can be
used as an instrument for the detection of B23.1 monomer and for the
detection of all known oligomers. Synthetic peptides corresponding
to N-terminal fragment (19-36 FGCELKADKDYHFKVDND) and to
C-terminal fragment of isoform B23.1 (283-294 AIQDLWQWRKSL)
were used for rabbit immunization. As result the affinity purified
antibodies against peptide (19-36) (Ab (19-36)) with concentration
0.46 mg/ml and titer 1:64000 and antibodies against peptide (283-294)

(Ab (283-294)) with concentration 0.63 mg/ml and titer 1:32000 were
obtained from rabbit sera.

Investigation of the specificity of obtained antibodies was carried
out by immunochemical method with using human tumor cells HeLa,
Hep G2, Ramos and K-562 (Figure 4, a-c). In all tumor cells in contrast
to monoclonal antibodies 3C9 recognizing both monomers and
oligomers of nucleophosmin (a) Ab (19-36) detected only monomers
(b), whereas Ab (283-294) detected presumably oligomers (c). So our
suggestion that Ab (19-36) are specific for monomers proved true. On
our opinion may be two interpretations of results of immunostaining
with Ab (283-294): first, these antibodies can not detect monomers, and
second, isoform B23.1 is fully incorporated into the oligomers. To check
the ability of these antibodies to detect monomers we used supernatant
fraction (described in previous part) containing monomers of isoforms
B23.1 and B23.2. Based on immunochemical analysis of supernatant
fraction (d) we can make important conclusions: Ab (19-36) are able

a b
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Figure 4: Immunochemical analysis of specificity of MAb 3C9 (a), Ab (19-36) (b) and Ab (283-294) (c). Tumor cells (a-c) and supernatant fraction obtained after
nuclei treatment (d) were used. SDS-PAGE was performed by the Laemmli methods in 7.5% (a-c) and 10% PAG (d). Samples were treated as described on legend
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Figure 5: Immunocytochemical analysis of nucleophosmin in HeLa, Ramos and K-562 cells with use of MAb 3C9, Ab (19-36) and Ab (283-294).
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to detect two isoforms, but stronger than monoclonal antibodies; Ab
(283-294) are able to detect monomers of B23.1 isoform. Therefore the
second interpretation is true: in tumor cells most of the B23.1 isoform
is included into the oligomers.

We carried out immunocytochemical analysis of nucleophosmin
in tumor cells HeLa, Ramos and K-562 (Figure 5). Control monoclonal
antibodies 3C9 gave weak staining of the nucleoplasm and bright
staining of the nucleoli in all examined cells. It was shown that Ab (19-
36) not stained the nucleoli, but stained the cytoplasm and nucleoplasm.
In contrast to them Ab (283-294) gave a strong staining of the nucleoli.

Very important conclusions can be made from the results of
immunocytochemical and Western-blot analysis of different human
tumor cells. The antibodies directed to the N-terminal part (19-36) of
nucleophosmin detected only monomers which are localized in the
nucleoplasm and in the cytoplasm, while the antibodies directed to the
C-terminal part (283-294) of B23.1 isoform detected only oligomers
which are localized in the nucleoli.

Nucleophosmin as a marker of proliferation activity of
human peripheral lymphocytes

In our earlier study [17] with the use of the MAb 3C9 it was shown
that PHA stimulation of lymphocytes resulted in a gradual increase
in the protein B23 content which was at the maximum after 48-72"
when majority of the cells undergoing the S-phase. It was shown
also that changes in B23 content and its localization occurred before
an appearance of Ki-67 protein - traditional marker of proliferation.
Unfortunately in that work only monomers of nucleophosmin
were investigated. We decided not only to determine the content
of protein B23 in lymphocytes stimulated to proliferation by PHA
but also to evaluate the changes of its monomer-oligomer state. We
carried out PHA-stimulation as described in our work [17]. In this
investigation for revealing of oligomers and evaluation of changes in
monomer-oligomer state of nucleophosmin during PHA-stimulation
of lymphocytes we used besides MAb 3C9 new antipeptide antibodies

for immunochemical analysis (Figure 6). Immunochemical analysis
performed with using of three antibodies allowed to show not only
dramatically increasing of nucleophosmin content during 48-72"
PHA-treatment but also that this increasing is due to overexpression
of isoforms B23.1 which was detected by all three antibodies but
specifically detected by Ab (283-294). 48-72" PHA-treatment resulted
in appearance of SDS-resistant oligomer(s), containing B23-1 isoform.
So, SDS-resistant oligomers of protein B23 can be used as markers of
proliferating activity of lymphocytes, and Ab (283-294) can be used as
instrument for their detection.

Based on obtained data we can conclude that existence of SDS-
resistant oligomers containing abnormal nucleophosmin forms is
a common feature of tumor cells. Detection of these oligomers and
investigation of their properties may be useful for diagnostic of cancer
and for creation of target-specific therapy instruments.
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