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Abstract

Nucleolar Organising Regions (NOR) are part of the nucleolus, containing argyrophilic proteins (nucleoclin/C23, nucleophosmin/B23).

They are identified by silver staining at low pH. The method also reveals osteocyte canaliculi and cement lines and granules in the

cytoplasm of kidney cells in locations that mimic osteopontin distribution. Human bone and kidney sections, benign and lymphomatous

pleural effusions were processed for silver staining to identify AgNOR. Sections were processed in parallel for immunohistochemistry with

an antibody direct against osteopontin. In pleural effusions, AgNORs were found increased in the nuclei of lymphoma cells. In bone, Ag

staining identified AgNOR in cell nuclei, as well as in osteocyte canaliculi, cement and resting lines. In the distal convoluted tubules of the

kidney, silver deposits were also observed in cytoplasmic granules on the apical side of the cells. Immunolocalization of osteopontin closely

matched with all these locations in bone and kidney. NOR proteins and osteopontin are proteins containing aspartic acid rich repeats that

can bind Ag. Staining protocols using silver nitrate at low pH can identify these proteins on histological sections. AgNOR is a useful

histochemical method to identify osteopontin in bone sections.
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INTRODUCTION

Bone matrix is composed of both a mineral phase associated with an organic phase deposited and textured by osteoblasts. Collagen type I

is the main component of the organic phase and confers elasticity to the tissue while the mineral phase is responsible for its rigidity and

strength. Although collagen account for more than 90  of the organic phase, more than 200 other proteins have been identified by biochemical%
analysis and their respective roles are either partially elucided or still completely unknown at that time. Several proteins are synthetized by

osteoblasts and embedded in the matrix at the time of osteoid deposition (e.g., alkaline phosphatase, bone sialoprotein -BSP, osteocalcine, bone

morphogenetic proteins ) , . Numerous other proteins are elaborated elsewhere in the body and are passively deposited into the matrix… [1 2]
(e.g., 2-HS glycoprotein from the liver, fibronectin, thrombospondin ) . Several non collagenic proteins possess acidic aminoacid residuesα … [3]
that allow them to anchor on the hydroxyapatite crystals of the mineral phase: osteocalcin possesses three carboxylic residues , BSP contains[4]
several glutamic acid repeats and osteopontin contains several aspartic acid sequences. We have previously found that a technique developed to

stain the Nucleolar Organizer Regions (NORs) using silver nitrate in an acidic buffer was also working on bone sections . The AgNOR[5]
method was found to be effective in labeling NORs in bone cell nuclei but also revealed the canaliculi and lacuna margins of osteocytes

together with the cement lines of the bone structure units. Because this location was similar to that of osteopontin, we investigated the

possibility for the AgNOR staining method to be a suitable histochemical technique for osteopontin. The present paper summarizes the potent

interest of AgNOR staining in bone biology.

MATERIAL AND METHODS
Patients

Three femoral heads, obtained from patients with hip fractures or arthritis, and subjected to hip prosthesis, were used as control. Human

renal cortex was obtained from the normal remaining parenchyma of a patient with cancer of the upper pole. Tissue samples of both kidney and

hips were received unfixed soon after surgical removal. They were immediately sampled with a scalpel or a banding saw. Pleural fluids from

ten patients with a benign effusion were compared to ten fluids from patients with a malignant lymphoma. Fluids were cytocentrifuged on a



Shandon cytospin, slides were stained by May-Gr nwald-Giemsa (MGG) for routine diagnosis, additional smears were stained by the AgNORü
technique.

Tissue samples were immersed in freshly prepared 4  paraformaldehyde in sodium phosphate buffer (PBS), pH 7.4, for 24h at 4 C.% + °
Bones were decalcified in 0.5M EDTA pH 7.5 at room temperature (RT) for 2weeks, extensively rinsed in PBS, dehydrated in ethanol and

embedded in paraffin. Sections (5 m thick) were prepared and mounted on silanized glass slides.μ

AgNOR staining

Cell smears, bone and kidney sections were incubated for 55min at RT in the dark, in a staining solution prepared by combining silver

nitrate (2 volumes of a 50  aqueous solution) with formic acid (1 volume of a 1  solution containing 2  gelatin) . After staining, slides% % % [6]
were thoroughly washed in distilled water (DW) and transferred for 10min to a 5  aqueous sodium thiosulfate solution prepared%
extemporaneously. Sections were then rinsed with DW, mounted and observed by light microscopy. Cytological smears were counterstained

with nuclear fast red, dehydrated in ethanol and mounted in Entellan.

Immunohistochemistry of kidney and bone tissue sections

For antigen unmasking, deparaffinized sections were incubated with 0.05  pronase in PBS for 20min at 37 C. The enzymatic reaction% + °
was stopped in cold PBS. Saturation of non-specific binding sites was done with 1  bovine serum albumin (BSA) in PBS for 15min. Sections%
were then incubated overnight at 4 C with a 1:50 rabbit anti human osteopontin peptide (75 90) a primary polyclonal antibody+ ° –
(Immundiagnostik AG, Bensheim, Germany). After rinsing in PBS, immunoreaction was revealed with a 1:100 diluted goat anti-rabbit IgG

secondary antibody coupled with Alexa Fluor 488 (Molecular Probes, Eugen, Oregon, USA) for 1h at room temperature. After incubation,

sections were extensively rinsed in PBS and mounted in glycerol-PBS (9:1). The immunohistochemical labeling was then visualized by

epifluorescence. The specificity of each antibody has been documented by immunocytochemical controls, including incubation of sections with

goat anti-rabbit fluorochrome conjugate.

RESULTS
AgNOR technique on cytological smears and sections

The histochemical identification of NORs was clearly obtained. In benign pleural effusions, NORs appeared usually as a single dot in the

lymphocyte nuclei. When lymphoma cells were present, (characterized cytologically on the MGG stained smears), they exhibited an increased

number of NORs ( ).Figure 1

On bone sections, NORs appear as black dots in nuclei of marrow and bone cells. In osteoclast nuclei, two or three dots were identified.

Osteoblasts contained usually one or two AgNORs. Silver deposits were also found associated with osteocytes canaliculi, cement and resting

lines within the bone matrix ( ). In such a way, the delicate inter osteocyte relationships were clearly evidenced. Osteoid seams wereFigure 2

never stained by the AgNOR technique.

On kidney sections, similar NORs identification was also evidenced in the nucleoli of kidney cells. However, silver precipitates were also

seen as small black dots in the cytoplasm of some cells of the cortex. AgNOR staining identified intracytoplasmic granules only in cells of the

distal tubule and the ascending limb of the loop of Henle. The black granules were seen in the supra-nuclear area of the cells, toward the lumen

of the renal tubules ( ).Figure 3

Immunolocalization of OPN

Immunohistochemistry revealed a strong and specific signal for osteopontin in the extracellular matrix of bone. Positive labeling was

localized at the arrest and cement lines and at the bone surface. In addition, OPN was associated with lining cells, osteocyte canaliculi and in

the wall of osteocyte s lacunae ( ). Immunofluorescence showed that the distribution for osteopontin was only in calcified bone and’ Figure 4A

not in the osteoid. In kidney sections, osteopontin was strongly expressed in the epithelial cells of the distal renal tubules ( ). The mostFigure 4B

intense staining was seen at the apical cell side toward the tubule lumen, with lesser fluorescence at the baso-lateral sides.

DISCUSSION

In the nucleolus, DNA ribosomal genes are transcribed into rRNA by RNA polymerase I (Pol I) and RNA topoisomerase I. Ribosomal

genes exist in numerous replicated copies (ranging from a few to a thousand) disposed in tandem along the DNA molecule.  These genes are[7]
separated by segments of nonreplicating DNA (DNA spacer). The fibrillar component of the nucleoli are rounded structures ranging from 100

nm to 1 m in diameter and containing fibrils of DNA. The ribosomal genes are transcribed in the dense fibrillar component by a specialμ



folding of the DNA molecules that makes all the DNA spacers within the fibrillar center, and the loops of rDNA genes (i.e., the NORs) within

the dense fibrillar component . NOR argyrophilia is related to acidic proteins associated with rRNA transcription sites and known to play a[8]
key role in the control of rRNA transcription and processing . Nucleolin, protein B23, RNA polymerase I represent the main argyrophilic[9]
NORs proteins observed in cell nucleoli ,  At the light microscopy level, AgNOR staining methods identify both the fibrillar centers and[7 9–13]
the associated dense fibrillar component as black dots .[6]

Several morphometric studies have stressed the interest of determining the mean AgNOR number per nucleus , . An increasing[8 9]
literature has described the use of the AgNORs staining technique to investigate differences in various pathological lesions. Quantitative

analysis of interphase AgNORs has been shown to be useful in tumor pathology for distinguishing benign, dysplastic and malignant tumors.

Typically, a greater amount of silver dots indicates cells with a high rate of proliferation whether benign (e.g. embryonic) or neoplastic.

AgNORs number is correlated with other cell proliferation markers (BrDU, PCNA) , . This is clearly shown here where numerous AgNORs[8 9]
are found in the nucleoli of lymphoma cells in pleural effusions. However, in a previous study conducted on bones from patients suffering from

Paget s disease, we found an increased number of NORs in the nucleoli of the osteoclasts (6.80  2.57 dots  2.12  1.07 in controls) .’ ± vs. ± [14]
Because osteoclasts are formed from fusion of hematopoietic precursors and never by endomitosis, the large number of AgNORs in their nuclei

does not reflect the proliferative activity of the cells. The Pagetic osteoclast being highly active, the cytoplasmic synthesis of proteins is

maximized (probably hydrolases involved in the matrix breakdown). It is possible that other mRNA (of viral/oncogene origin)  could be[15]
actively transcribed in pagetic patients and require more numerous ribosomes or that an oncogene promote alteration of the nuclear/nucleolar

machinery.

AgNOR staining also identified osteocyte canaliculi, cement and resting lines of the bone matrix and granules in the cytoplasm of the renal

tubular cells. In the present study, when comparing the two staining methods, AgNOR staining and osteopontin immunohistochemistry, they

were found closely correlated in both renal cortex and bone tissues. The resulting OPN immunolabeling reproduced the staining pattern of

NOR-silver staining. The relationship between these staining methods was clearly evidenced, since fluorescence and silver precipitate

distributions demonstrated a similar localization of OPN expression and argyrophilic sites in human kidney and bone. However, OPN

immunolabeling never recognized the NOR in the nucleoli. In previous studies, we also found by transmission electron microscopy that

AgNOR could also be used to delineate the osteocyte canaliculi and in the wall of their lacuna . Western blot analysis were also done and[5]
immunolabelling and AgNOR staining of gels were similar . OPN is one of the most abundant non-collagenous proteins in bone but its[16]
exact roles are not fully elucidated. In vitro studies by several groups have established that OPN is an inhibitor of calcification , . Bones[17 18]
from OPN-knockout mice have a greater mineral content and contain larger hydroxyapatite crystals than wild type animals . It is probable[19]
that osteocytes elaborate OPN to inhibit the growth of hydroxyapatite in the wall of their lacuna and in the canaliculi to avoid burying due to

secondary mineralization. OPN is also produced and localized in the kidney, and more particularly in epithelial cells of the convoluted distal

tubule, a region with a high propensity for spontaneous precipitation of calcium salts. In this particular location, OPN is released in urine to

prevent spontaneous precipitation of calcium salts .[20]

It is well known that histochemical mechanisms of the silver stainings are complex. Argyrophilia probably occurs in two stages, namely, an

initial attachment of silver to a reaction site on a protein, followed by nucleation of further silver on the original bound metal, giving a black

appearance after silver reduction , . The argyrophilic nature of nucleolar porteins is related to their N-terminal domain which are enriched[21 22]
with aspartic residues , similar findings have been described for SSP29, a leucin-rich repeat protein containing Asp residues . OPN is a[23] [24]
negatively-charged glyco and phosphoprotein of approximately 300 amino acid residues containing a RGD cell binding sequence, a calcium

and hydroxyapatite binding site, two heparin binding domains and a thrombin cleavage site. In addition to these structural elements, OPN is

aspartic acid-rich and may be highly phosphorylated on serines and threonines, depending on the tissue, endowing the protein with a highly

acidic character (pI  5) , . It is likely that the technical acid conditions of the AgNOR staining are responsible for its specificity. The= [25 26]
acidity of the gelatin-silver bath appears to be a critical step which confers specificity to AgNOR binding . Aspartic acid has also be found,[27]

by Raman spectroscopy, to bind silver due to its two carboxylic groups and the possibility to form the HOOC-CH -CH(NH )-COO  species2 3+ −

at a low pH .[28]

The AgNOR staining method appears to possess specificity for proteins containing aspartic acidic repeats in their N-terminal part. OPN

was detectable in bone and kidney by AgNOR staining and immunohistochemistry at the same locations. In bone allografts extensively cleaned

by industrial processes combining oxygene peroxide and sodium hydroxide, the AgNOR staining failed to identify this argyrophilic protein in

the bone matrix, confirming the deleterious action of these compounds on bone proteins .[29]

Ackowledgements:

This work was supported by funds from Pays de la Loire   Axe Biomat riaux Bioregos and INSERM.“ ” – é



References:
 1.        Ganss B ,   Kim RH ,   Sodek J 1999; Bone sialoprotein. Critical Reviews in Oral Biology and Medicine. 10: 79- 98
 2.        Sodek J ,   Ganss B ,   McKee MD 2000; Osteopontin. Crit Rev Oral Biol Med. 11: 279- 303
 3.    Price PA ,   Thomas GR ,   Pardini AW ,   Figueira WF ,   Caputo JM ,   Williamson MK 2002; Discovery of a high molecular weight complex of calcium, phosphate, fetuin, and matrix

    gamma-carboxyglutamic acid protein in the serum of etidronate-treated rats. Journal of Biological Chemistry. 277: 3926- 3934
 4.        Glowacki J ,   Rey C ,   Glimcher MJ ,   Lian J 1991; A role of osteocalcin in osteoclast in differentiation. Journal of Cellular Biochemistry. 45: 292- 302
 5.    Chappard D ,   Retailleau N ,   Filmon R ,   Baslé MF ,   Rebel A 1996; Nuclear organiser regions (AgNORs) staining on undecalcified bone embedded in resin: Light and TEM

    methodologies. J Histotechnol. 19: 27- 32
 6.    Ploton D ,   Menager M ,   Jeannesson P ,   Himber G ,   Pigeon F ,   Adnet JJ 1986; Improvement in the staining and in the visualization of the argyrophilic proteins of the nucleolar

    organizer region at the optical level. Histochem J. 18: 5- 14
 7.       Sirri V ,   Roussel P ,   Gendron MC ,   Hernandez-Verdun D 1997; Amount of the two major Ag-NOR proteins, nucleolin, and protein B23 is cell-cycle dependent. Cytometry. 28:

 147- 156
 8.       R schoffü J ,   Plate K ,   Bittinger A ,   Thomas C 1993; Nucleolar organizer regions (NORs). Basic concepts and practical application in tumor pathology. Pathol Res Prac. 185: 878-

885
 9.        Derenzini M ,   Trere D 1994; AgNOR proteins as a parameter of the rapidity of cell proliferation. Zentralbl Pathol. 140: 7- 10
 10.    Roussel P ,   Belenguer P ,   Amalric F ,   Hernandez-Verdun D 1992; Nucleolin is an Ag-NOR protein; this property is determined by its amino-terminal domain independently of

    its phosphorylation state. Exp Cell Res. 203: 259- 269
 11.        Lischwe MA ,   Smetana K ,   Olson MO ,   Busch H 1979; Proteins C23 and B23 are the major nucleolar silver staining proteins. Life Sci. 25: 701- 708
 12.        Ochs RL ,   Busch H 1984; Further evidence that phosphoprotein C23 (110 kD/pI 5.1) is the nucleolar silver staining protein. Exp Cell Res. 152: 260- 265
 13.     Spector DL ,   Ochs RL ,   Busch H 1984; Silver staining, immunofluorescence, and immunoelectron microscopic localization of nucleolar phosphoproteins B23 and C23.

   Chromosoma. 90: 139- 148
 14.        Chappard D ,   Retailleau-Gaborit N ,   Filmon R ,   Audran M ,   Baslé MF 1998; Increased nucleolar organizer regions in osteoclast nuclei of Paget s bone disease’ . Bone. 22: 45- 49

 15.    Baslé MF ,   Russell WC ,   Goswani KK ,   Rebel A ,   Giraudon P ,   Wild F 1985; Paramyxovirus antigens in osteoclasts from Paget s bone tissue detected by monoclonal antibodies’
    . J Gen Virol. 66: 2103- 2110

 16..     Gaudin-Audrain C ,   Pascaretti-Grizon F ,   Hubert L ,   Massin P ,   Baslé MF ,   Chappard D 2007; Osteopontin is histochemically detected by the AgNOR acid-silver staining.

Histol Histopathol.
 17.    Boskey AL ,   Maresca M ,   Ullrich W ,   Doty SB ,   Butler WT ,   Prince CW 1993; Osteopontin-hydroxyapatite interactions in vitro: inhibition of hydroxyapatite formation and

    growth in a gelatin-gel. Bone Miner. 22: 147- 159
 18.    Hunter GK ,   Kyle CL ,   Goldberg HA 1994; Modulation of crystal formation by bone phosphoproteins: structural specificity of the osteopontin-mediated inhibition of

    hydroxyapatite formation. Biochem J. 300: 723- 728
 19.      Boskey AL ,   Spevak L ,   Paschalis E ,   Doty SB ,   McKee MD 2002; Osteopontin deficiency increases mineral content and mineral crystallinity in mouse bone. Calcif Tissue Int.
  71: 145- 154
 20.    Wesson JA ,   Johnson RJ ,   Mazzali M ,   Beshensky AM ,   Stietz S ,   Giachelli C ,   Liaw L ,   Alpers CE ,   Couser WG ,   Kleinman JG ,   Hughes J 2003; Osteopontin is a critical

    inhibitor of calcium oxalate crystal formation and retention in renal tubules. J Am Soc Nephrol. 14: 139- 147
 21.        Crocker J 1996; Molecular and biochemical aspects of interphase nucleolar organiser regions. J Clin Pathol: Mol Pathol. 49: M8- M11
 22..      Horobin R 1988; Understanding Histochemistry: Selection, evaluation and design of biological stains. Ellis Horwood Ltd; Chichester, England
 23.      Valdez BC ,   Henning D ,   Le TV ,   Busch H 1995; Specific aspartic acid-rich sequences are responsible for silver staining of nucleolar proteins. Biochem Biophys Res Commun.
  207: 485- 491

 24.      Zhu L ,   Perlaky L ,   Henning D ,   Valdez BC 1997; Cloning and characterization of a new silver-stainable protein SSP29, a member of the LRR family. Biochem Mol Biol Int. 42
  : 927- 935

 25.        Giachelli CM ,   Steitz S 2000; Osteopontin: a versatile regulator of inflammation and biomineralization. Matrix Biology. 19: 615- 622
 26.      Pampena DA ,   Robertson KA ,   Litvinova O ,   Lajoie G ,   Goldberg HA ,   Hunter GK 2004; Inhibition of hydroxyapatite formation by osteopontin phosphopeptides. Biochem J.
  378: 1083- 1087

 27.        Lindner LE 1993; Improvements in the silver-staining technique for nucleolar organizer regions (AgNOR). J Histochem Cytochem. 41: 439- 445
 28.     Arenas JF ,   Castro JL ,   Otero JC ,   Marcos JI 2001; Study of interaction between aspartic acid and silver by surface-enhanced Raman scattering on H(2)O and D(2)O sols.

   Biopolymers. 62: 241- 248
 29.    Dumas A ,   Gaudin-Audrain C ,   Mabilleau G ,   Massin P ,   Hubert L ,   Basle MF ,   Chappard D 2006; The influence of processes for the purification of human bone allografts on

    the matrix surface and cytocompatibility. Biomaterials. 27: 4204- 4211



Figure 1
AgNOR staining in lymphocytes from a benign (A) and lymphomatous (B) pleural effusion. Note the increase in NORs in the nuclei of malignant

cells. Original magnification: 1000.×



Figure 2
AgNOR staining identifies osteocyte canaliculi, ostoplast boundaries and cement lines (arrow) in bone. Note the AgNORs in the nuclei of lining

cells at the surface of the Haversian canal. Original magnification: 400.×

Figure 3
AgNOR granules in the cytoplasm of cells of the distal convoluted tubule of the kidney (arrows). Note the AgNORs in the nuclei of renal cells.

Original magnification: 400.×



Figure 4
Immunolocalization of osteopontin in (A) the human bone matrix, (B) the kidney parenchyma. Note that silver-stained granules are only positive

in the convoluted tubule. Original magnification: 400.×


