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lmmunostaining of the cell cycle-associated Ki-67 
antigen was studied, using the Ki-67-specific 
MIB-1 monoclonal antibody on slides prepared by 
cytocentrifugation of cultured A375 melanoma 
cells. Immunomorphological analysis of the Ki-67 
immunostaining pattern of both nuclear and nu- 
cleolar locations was carried out following pre- 
treatment of the slides including ribonuclease and 
deoxyribonuclease pre-digestion of the cells. Im- 
munostaining of nucleolar Ki-67 was reduced by 

ribonuclease pre-digestion, but was not altered by 
deoxyribonuclease pre-treatment. Ribonuclease 
did not reduce the staining intensity of Ki-67 in 
the nuclear matrix, but the intensity decreased 
after deoxyribonuclease pre-digestion. We sug- 
gest that the Ki-67 molecule may play an import- 
ant role in ensuring contact between nuclear DNA 
and nucleolar RNA during transcriptional pro- 
cesses in cel l  p r o l i f e r a t i o n .  ( P a t h o l o g y  O n c o l o g y  
Research  Vol 2, N o l - 2 ,  63-65,  1996) 
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Introduction 

An important part of the histopathologic study of malig- 
nant cells is the assessment of their proliferative poten- 
tial. 4~'~ ImlnUl:ohistochemical analysis of nuclear antigens 
associated with cell proliferation makes possible ce lMar  
kinetic studies in correlation with the architectural organ- 
ization of  proliferating cells. ~2~r For routine use, the new 
MIB-1 monoclonal antibody ~>s~ is the best currently 
available proliferation tnarker. "''>'aa It reacts with the 
prol i ferat ion-associated nuclear antigen, previously 
defined by the antibody K i - 6 7 / T h e  nuclear Ki-67 antigen 
is dctectable exclusively in proliferating cells, that is in 
G1, S, G2 and M phases, but not in GO. ~ The molecular 
and genetic basis of the Ki-67 antigen' " and that of the 
immunoreactivity of the MIB-I monoclonal antibody is 
well documented ~s')~t', but the function of the Ki-67 pro- 
rein is unknown. It may be an absolute requirement for 
maintaining cell proliferation," it may play a role in the 
breakdown of the nuclear envelope prior to mitosis ~, or it 
may represent a major structural protein during mitosis. J5 
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We obscrved recently that, using thc Ki-67-specific 
MIB-I monoclonal antibody on routinely-fixed, paraffin 
embedded tissue sections, pre-heatcd in a microwave 
oven, imnmnostaining of nucleolar Ki-67 was reduced by 
ribonuclease (RNase) pre-digestion: however, it was not 
significantly reduced by deoxyribonuclcase (DNase) 
treatnlent, t s 

The aim of the present study was to evaluate the action 
of RNase and DNase. respectively on Ki-67 immunostai- 
ning in samples of cultured malignant cells. 

Materials and Methods" 

(;ell line 

A375 cells (malignant melam,ma-dedved cell line, 
courtesy of Dr. Felix Montero, Marseille, France) were 
cultured under standard conditions in Roswcll Park Mem- 
orial Institute (RPMI) 1640 medium supplemented with 
10% fctal calf serum and antibiotics. Cytocentrifflged 
(1000 l-pro for 10 min, Shandon Cytospin 3, UK) A375 
cells were fixed in cold (4<'C) acetone for 10 nlin followed 
by a supplementary fixation in a nfixture of concentrated 
acetone and methanol (v/v) at -20~ for 5 rain: the slides 
were stored at -80~'C. 

PATHOLOGY ONCOLOGY RESEARCH Vol 2. Nol-2,  1996 



64 BENFARES el al 

O 

Figure 1. hmnu~lostahli~,~ of Ki-67, l~SlUg the mom~clonal MIB-1 
antibody a~d the strel~tavidiu-biotiu-t~eroxidase method, of cul- 
tured A375 melammm ~ell line. Without cuzymatie pre treat- 
merit, the staining is m~dear aml m~deolar. The cells i~ mitosis are 
also positive. DAB, helna toxylilt COlin ters tain, 320 x. 

the streptavidin-biotin-peroxidase technique with H2Ojdia- 
minobenzidine (DAB} development, using the hnmunotech 
Universal Kit. Slides were also tested v~.ithout enzymatic 
h-eatment, hnmunostaining with ascites fluid tron~ non- 

immunized mice served us a negative control. 

Tab le  1. Topological distribution and intensity of Ki-67 
immunostaining in cultured A375 melanoma cells using 
the MIB-1 antibody and different enzymatic pre-diges-  
tions 

Pret~'ea~l~leHt 
hmnmlostai~lin N intensity 

Nucleoli Nir matrix Mitotic cells 

None + / ++ +, /++ ++ 

RNase 0.5 U / m l  - / +  + / + +  ++ 

DNase 100 U / m l  + /++ - / +  - 

- negative; - weak, ++ strong; slash indicates heterogeneity 
of staining intensity at cellular level 

~ .... R e s u l t s  

Figure 2. l,nnu,lostaini~ig of Ki-67, Itsinq the lnotzodonal 
MIB-I antibody and streptavidin-bioti~-peroxidase method, on 
the cultured A375 melanoma cell line. Followi~ G, RNase pre 
digestion (0.5 U/ml), the m~ch,ar stai~ling amt that of mitotic 
ceils is zmaltered, however, mMeoli are negalive. DAB, hema 
toxl/Im colmterstait~, 320 x. 

lZnzymalic di[qeslion 

For RNase and DNase digestion of the mounted cells, the 
slides were incubated with several concentrations of RNasc 
A (E,C 3.1.27.5, 90 Uhng, Fluka, Buchs: Switzerland} and 
DNase 1 (EC 3.1.21,1, 3000 U/rag, Fluka), respectively, for 
20 rain at 37~ After enzymatic digestion the slides were 
washed with pH 7.6 Tris-buffered saline (TBS). 

lllH~lzr 3, 

The slides were incubated at room temperature lor 60 rain 
with the Ki-67-specific MIB-I monoclonal antibody (hn- 
munotech, Marseille, France) at a dilution of 1/100 in TBS. 
hnmunocytochemical staining was carried out according to 

The immunocytochemical results are sumnmrizcd in 
~d~/e 1. Without enzymatic pre-treatment, the monoclonal 
MIB-I antibody reacted with about 9(F7, of the cultured 
melanoma cells (Fig.I). Mitotic cells were usually posi- 
tive. The immunostaining reaction appeared as brown 
staining of the nuclei with significant variation in color 
intensity and staining pattern. This heterogeneity reflected 
heterogeneous distribution of the Ki-67 antigen. We 
ohserx, ed cells with nucleolar staining only, other cells 
with predominantly nucleolar staining and staining of a 
nuclear component; in yet other cells the nuclear matrix 
stained stroagly. In mitotic ceils, thc inmlunostaining was 
cytoplasmic with perichromosomal intensifcation. 

% 
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Figure 3. hnmunoshffning qf Ki-67, usin S the monoclonal 
MIB-1 atltibody mid streptavidill-biotin peroxidase method, of 
cullt~rcd A375 melammm cell lille. Followin4~ DNase Fre-treat- 
meplt (100 U/m(), a sixnificonl decrease af tmcl,'ar matrix stain- 
iHS was observed; mitotic cells w e r e  re'dative, hc, w e v e r ,  mwh'oli 
were positive. DAB, helTlatox!flJn eo~tnter~tcliu, ,320 x. 
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After  RNase pre- t reatment ,  we observed posil ivc mitotic 

cells and unal tered nuclear  staining: however,  the 

nucleolar  s la ining w, as lost and/or  reduced (Fig. 2). 

The DNase pro- t reatment  strongly reduced the intensity 

of  lit |clear staining, and ,ae did nol observe  imn]unoreac-  

tivity in mitol ie  cells (l:i<v 3). The nucleolar  s taining pat- 

tern was not :illered by DNase  treatinent .  Both RNase and 

DNase activit ies were concenmi t ion -depcnden t  (T~d~le 2). 

D i s c t t s s i o n  

l i t this sludy, cuhured melanoma cells were exposed to 

RNase and DNase pre-digestion, respectively, prior to im- 

munosta in ing  for Ki-67 with monoc lona l  antibody MIB-I .  

The results confirmed our previously reported findings 

obtained on f ixed-embedded tissue sections, that RNase pre- 

digestion reduces intniunostaining of nucleolar Ki-671 '~ 

However, the DNase sensitivity of the Ki-67 antigen was not 

observed m f ixed-embedded tissues, but in this study, lhis 

enzyme significantly reduced Ki-67 immunos ta in ing  of  

cultured cells,  in particular in mitotic cells. Gerdes et al 5 
reported that Ki-67 immunos ta in ing  in frozen sections was 
resistant Io both RNasc and DNase;  they used lower enzyme 

Table 2. Effect  o f  R N a s e  and D N a s e  p r e - d i g e s t i o n  on 
K i - 6 7  i m m u n o s t a i n i n g  in cu l tured  A375 m e l a n o m a  ce l l s  
u s i n g  the M I B - 1  a n t i b o d y  and  severa l  e n z y m e  concen-  
trat ions  

RM~se Nt~ch'olnr stoisUn S, DNose  Nuclrar  mntr ix  
(gl/ml) i~#e~sitl! ( L l im l )  s taiuing in&'nsitl/ 

0.001 + / + +  10 + / + +  

0.01 +/+-,- 20 + / + +  

0.1 + 50 - / +  

0.5 - / +  100 / + 

1.0 - 20O - 

- nugafive; + weak, +~ strong, slash indicates heterogeneity 
of staining intensity 

concentrat ions than we did. l ,opez el al ~~ reported DNase 

sensitivity of  the Ki-67 antigen studied by flow cytometry, 

bul they did not observe significant reduction of  Ki-67 mean 

fhlorescencc in RNase pre-tteated cclls. Our results lead us to 

conch |de  that the Ki-67 located in the nucleoli is associated 

fflere with nucleolear  RNA. whereas in the tlticlcar matrix, il 

is strongly associated with DN/\ .  It nlay play a role ill trail- 

scriptionat processes, prohahly as a structural protein, per- 

haps by mediating between nuclear DNA and nucleolar RNA. 
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