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Summary. Proliferating cell nuclear antigen (PCNA) is 
a nuclear protein synthesized in the late G1 and S phase 
of the cell cycle and immunohistochemical detection of 
the protein represents a useful marker for the proliferat- 
ing fraction of cells in tissue specimens. A series of malig- 
nant and pre-malignant lesions of the oral cavity and 
skin were evaluated by the streptavidin biotin immuno- 
peroxidase method for detection of this protein. Mono- 
clonal anti-PCNA antibody (PC 10) labelled proliferat- 
ing cells in all cases with varying intensity of nuclear 
staining. In squamous cell carcinoma (n=48), PCNA 
positivity correlated with the differentiation and atypia 
of the tumour cells; however, in poorly differentiated 
tumours, the relationship between PCNA expression and 
proliferation was lost. Basal cell carcinoma showed an 
increased growth fraction in tiny epithelial nests (mean 
43.8, SD 6.0, n = 20) than in neoplastic basal cells (mean 
30.1, SD 6.9, n=8). The growth fractions were signifi- 
cantly higher in the pre-malignant lesions (leukoplakia, 
mean 22.3, SD 7.7, n= 14; Bowen's disease, mean 45.2, 
SD 11.7, n=  12; senile keratosis, mean 41.2, SD 7.0, n=  
12) than in the normal mucosa (mean 9.8, SD 4.9, n=  
10), suggesting that cellular growth fractions correlate 
with the degree of dysplasia in pre-malignant lesions. 
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Introduction 

Proliferating cell nuclear antigen (PCNA) was originally 
detected by Miyachi et al. (1978) during experiments 
with serum from patients with systemic lupus erythema- 
tosus which reacted to nuclei of proliferating cells but 
failed to show reactions with resting cells in normal hu- 
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man tissues. It has been identified as a 36 kDa nuclear 
auxiliary protein required for leading strand DNA syn- 
thesis by polymerase delta (Bravo et al. 1987). The abili- 
ty of PCNA-specific antibodies to inhibit inducible 
DNA synthesis in isolated quiescent nuclei (Wong et al. 
1987), and PCNA antigen oligodeoxynucleotides to in- 
hibit proliferation of BALB/c3T3 cells underscores the 
important role of this protein in DNA replication (Jas- 
kulski et al. 1988). The human PCNA gene has a 261- 
amino acid polypeptide with a high content of asparate 
and glutamic acid (Almendral et al. 1987). 

Immunological methods of assessing cell proliferation 
have the advantage of simultaneous analysis of histo- 
pathology and cell proliferation features. The distribu- 
tion of PCNA in the cell cycle increases through G1, 
peaks at the G1/S phase interphase and decreases 
through G2 phase reaching levels which are virtually 
undetectable in M phase and in quiescent cells using 
immunocytological methods. This makes it a useful 
marker for proliferating cells (Kurki et al. 1986, 1988; 
Morris and Mathews 1989). A monoclonal Ki-67 anti- 
body that recognizes proliferation-associated proteins 
has been reported to be of value in assessing cell prolifer- 
ation using immunohistochemical methods; however, it 
usually requires cryostat sections of snap-frozen materi- 
als or specially prepared histological material (Coltrera 
and Gown 1991; van Dierendonck et al. 1991). In this 
study we describe the application of a new monoclonal 
antibody PCNA PC10 (Dakopatts, Denmark) that re- 
cognizes PCNA in conventionally fixed and processed 
histological material to assess the index and pattern of 
cell proliferation and its correlation with the nuclear aty- 
pia and tumour grade. PCNA PC10 index was also eval- 
uated for basal cell carcinoma, pre-malignant lesions and 
malignant tumours of epithelial origin. 

Materials and methods 

A total of 48 cases of oral squamous cell carcinoma, 20 cases of 
basal cell carcinoma of skin, 14 cases of oral leukoplakia, 12 cases 
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of senile keratosis, 8 cases of Bowen's disease and 8 cases of condy- 
loma acuminatum of skin were studied. The tissues of these lesions 
were fixed in !0% formalin solution for 12 h, dehydrated and em- 
bedded in paraffin. Serial sections were cut at 4 jam and the depar- 
affinized sections were stained with haematoxylin and eosin for 
routine histopathological examination and for PCNA immunohis- 
tochemistry. 

The endogenous peroxidase was blocked by methanol contain- 
ing 0.3 % hydrogen peroxide for 30 rain. The sections were incubat- 
ed with normal rabbit serum at a dilution of 1:20 for 30 min for 
non-specific background blocking. This was followed by incuba- 
tion with monoclonal mouse anti-PCNA, PCNA PC10 (Dako- 
patts) at 1 : 20 dilution for 30 rain at room temperature. The second 
antibody was biotinylated affinity associated rabbit IgG to mouse 
IgG at a dilution of 1 : 200 (Dakopatts), in which the sections were 
incubated for 30 rain at room temperature. Finally, the sections 
were treated with the streptavidin biotin complex (1 : 100, 30 rain) 
from Dakopatts. Diaminobenzidine hydrochloride (0.02% 3- 
3'DAB)/0.05 M tris buffer solution (pH 7.6) containing 0.05% hy- 
drogen peroxide was used as chromogen to visualize the peroxidase 
activity. Each step was followed by phosphate-buffered saline 
washing. 

The optimal dilution of each antibody was determined by using 
serial dilution of each antibody on sections of normal oral mucosa. 
The dilution (1 : 20) at which the greatest amount of nuclear stain- 
ing occurred with little or no background cytoplasmic staining 
was taken as optimal in this study. 

The histological grade of the tumour was evaluated using stan- 
dard histopathological criteria. Nuclear atypia was determined by 
counting the number of atypical nuclei in 20 high power fields 
without overlap in the most active area of the tumour section 
(40 x objective, l0 x eye piece). The extent o f P C N A  PCI0 positiv- 
ity was evaluated by determining the positively stained nuclei pres- 
ent in at least 1000 malignant cells in the most active area of the 
specimen by using a Nikon microscope (20 • objective and 10 x 
eye piece) connected to a computer-assisted image analyser (Joyce 
Loebl, Magiscan 2A, 1986) using a minimum threshold of nuclear 
staining intensity, so that all cells were counted as positive regard- 
less of the staining intensity. The significance of PCNA positivity 
and tumour grades and atypia was assessed using student's t-test 
and results were considered significant when P <  0.05. 

Immunohistochemical staining with PCNA PC10 (monoclonal 
mouse anti-PCNA) was compared with immunostaining of D a b -  
Ki-67 (monoclonal mouse anti-human Ki-67 antigen) and silver 
staining for nucleolar organizer regions (AgNOR), using 4 cases 
of squamous cell carcinoma (2 gingiva and 2 tongue). The speci- 
mens were also tested for immunostaining using frozen and paraf- 
fin sections, with different fixatives (Bouin, 10% formalin, Carnoy, 
alcohol and acetone). Times of tissue fixation were divided into 
1, 3, 6, 12, 24 and 48 h for Bouin, 10% formalin and Carnoy 
solutions, and into 10, 20, 60, 120 rain for alcohol and acetone. 
The immunostaining technique for Dako-Ki-67 was the same as 
that for Dako-PCNA PC10; dilution of Dako-Ki-67 was I :20 for 
1 h at room temperature. For the AgNOR method, paraffin and 
post-fixed frozen sections were stained for 30 rain at room tempera- 
tures in the solution consisting of 30 ml of A solution (1% gelatin, 
2% formic acid) and 60 ml of B solution (50% silver nitrite). 

Table 1. Immunohistochemical staining for proliferating cell nucle- 
ar antigen (PCNA), Ki-67 and AgNOR staining in squamous cell 
carcinoma 

Frozen sections 

Bouin 

(h) 0 1 3 6 12 24 48 
PCNA . . . . . . .  
Ki-67 . . . . . . .  
AgNOR + + + + - - -- 

10% formalin 

(h) 1 3 6 12 24 48 
PCNA . . . . . .  
Ki-67 . . . . . .  
AgNOR + + + + + + 

Carnoy 

(h) 1 3 6 12 24 48 
PCNA . . . . . .  
Ki-67 . . . . . .  
AgNOR + + + + + + 

Acetone 

(min) 10 20 60 120 
PCNA . . . .  
Ki-67 - + + + 
AgNOR + + + + 

Alcohol 

(min) 10 20 60 120 
PCNA . . . .  
Ki-67 . . . .  
AgNOR + + + + 

Paraffin section 

Bouin 

(h) 1 3 6 12 24 48 
PCNA . . . . . .  
Ki-67 . . . . . .  
AgNOR + + + + + + 

10% formalin 

(h) 1 3 6 12 24 48 
PCNA - - + + + + 
Ki-67 . . . .  
AgNOR + + + + + + 

Carnoy 

(h) 1 3 6 12 24 48 
PCNA + + + + + + 
Ki-67 . . . . . .  
AgNOR + + + + + + 

- ,  Negative staining; + ,  positive staining; (h), hours; (rain), min- 
utes 

Results 

In  f resh  f r o z e n  sec t ions ,  all  sec t ions  p o s t - f i x e d  w i t h  f ive  
k inds  o f  f ixa t ives  (Bou in ,  1 0 %  f o r m a l i n ,  C a r n o y ,  a lco-  
hol ,  a c e t o n e )  w e r e  n e g a t i v e  fo r  P C N A  s t a in ing  in nucle i ,  
w h e r e a s  t h e y  w e r e  pos i t i ve  in a l m o s t  all  cases  fo r  A g -  
N O R  s t a in ing  (Tab le  1). A g N O R  s t a in ing  a f t e r  B o u i n  
f i x a t i o n  s h o w e d  n e g a t i v e  resu l t s  o n l y  a f t e r  l o n g e r  f ixa-  
t i on  t imes  (12, 24, 48 h). K i -67  s t a in ing  was  o n l y  pos i t i ve  
in a c e t o n e - f i x e d  sec t ions  (20, 60, 120 rain) .  

In  p a r a f f i n - e m b e d d e d  sec t ions ,  10% f o r m a l i n  a n d  
C a r n o y - f i x e d  t issue s h o w e d  a pos i t i ve  r e a c t i o n  fo r  
P C N A  P C 1 0  a n d  A g N O R  was  a lso  pos i t i ve  in B o u i n -  
f ixed  t issue.  K i -67  r e a c t i v i t y  was  n e g a t i v e  in all  cases.  
A g N O R  s t a in ing  was  p o s i t i v e  in n u c l e a r  m a t e r i a l s  in 
b o t h  m a l i g n a n t  cells a n d  n o r m a l  ep i the l i a l  cells  e x c e p t  
fo r  k e r a t i n i z e d  cells. 

N o r m a l  s q u a m o u s  e p i t h e l i u m  o f  o ra l  m u c o s a  a n d  
sk in  (n = 10) s h o w e d  p o s i t i v e  n u c l e a r  P C N A  i m m u n o r e -  
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Fig. 1. A Leukoplakia: the PCNA-positive 
nuclei are seen in the basal and spinous 
layer, x 100. B Condyloma acuminatum: 
the positive nuclei are seen in the basal 
layer only. x 100 

Table 2. Percentage of PCNA-positive cells in normal mucosa, bas- 
al cell carcinoma and pre-malignant lesions 

No. % of PCNA-positive nuclei 
Mean (S.D.) * 

Normal mucosa and skin 10 

Basal cell carcinoma 20 

Leukoplakia 14 

Bowen's disease 12 

Senile keratosis 12 

9.8 (4.9) 

30.7 (6.9)" 
43.8 (6.0) b 

22.3 (7.7) 

42.2 (11.7) 

41.2 (7.0) 

* P < O . 0 0 1  
" positive cells in neoplastic basaloid cells 
b positive cells in infiltrating tiny nests (n = 8) 

activity in the basal cells with a mean of  9.8% of positive 
nuclei 9.8 (SD 4.9). All cases of  malignant  and pre- 
malignant  lesions showed positive nuclear staining of  
varying intensity. The pat tern of  staining was usually 
granular throughout  the nucleoplasm. No staining of  
mitotic figures was observed. Leukoplakia,  with minimal 
dysplastic changes, showed positive nuclei mostly in the 
basal, lower spinous and a few in the upper  spinous 

Table  3. Correlation of immunohistochemical staining for PCNA 
with tumour cell differentiation 

Differentiation No. % PCNA- %Total 
positive nuclei positive 

Mean (SD) 
< 10 10 20 >20 

Well-differentiated 12 9 2 1 9.1 (5.7)* 
Moderately 18 4 10 3 14.5 (5.3)* 

differentiated 
Poorly 18 8 9 1 10.4 (6.3) 

differentiated 

* P < 0 . 0 2  

layer (Fig. 1 A). Condyloma acuminatum,  on the other 
hand, showed positive nuclei only in the basal layer 
(Fig. 1 B). Senile keratosis and Bowen's disease showed 
a very high number  of  positive nuclei (Fig. 2). There 
was a significant difference between lesional tissue and 
normal  epithelium ( P <  0.001), as shown in Table 2. The 
positive nuclei in basal cell carcinoma and well-differen- 
tiated squamous cell carcinoma were confined to the 
basal, parabasal ,  lower spinous layer and peripheral cells 
of  the epithelial nests. They were found scattered in the 
tumour  infiltrate with characteristic immunoreact ivi ty 
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Fig. 2. A Bowen's disease of skin. x 100. B PCNA-positive nuclei in Bowen's intra-epithelial carcinoma are scattered throughout the 
epithelial layer; however, the normal skin shows positive nuclei only in the basal cells, x 100. C Senile keratosis of skin. x 100. D PCNA- 
positive nuclei in senile keratosis lesion are scattered throughout the epithelial layer, x 100 

Table 4. Correlation of immunohistochemical staining of PCNA 
for degree of nuclear atypia 

Degree No. %PCNA- %Total 
of atypia positive nuclei positive 

Mean (SD) 
<10 10 20 >20 

Low /3 9 2 2 8.0 (3.7)* 
Moderate 19 5 11 3 10.7 (6.5) 
High 16 7 8 1 15.4 (4.9)* 

* P < 0 . 0 0 1  

of  tumour  cells at the tumour  invading front of  connec- 
tive tissues of  poorly differentiated carcinoma (Fig. 3). 
A statistically significant difference of P C N A  positivity 
was observed between well-differentiated and moderate-  

ly differentiated carcinoma (P<0 .02)  (Table 3) and be- 
tween a low and a high degree of  nuclear atypia ( P <  
0.001) (Table 4). 

Clinical records were available for 35 cases of  oral 
squamous cell carcinoma. No correlation between sur- 
vival and PCNA index was observed (data not shown). 

D i s c u s s i o n  

Different methods have been used for studying cell kinet- 
ics in tumour  specimens, and include tritiated thymidine 
incorporation,  monoclonal  antibody detection of  5' bro- 
modeoxyuridine (BrdU) incorporat ion and flow cyto- 
metry (Garcia et al. 1989; Coltrera and Gown 199~). 
Radiolabelling with tritiated thymidine has numerous 
drawbacks, including the requirement of  fresh, viable 
tissues for thymidine incorporation,  the necessity for tis- 
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Fig. 3. A Bowen's intra-epithelial carcinoma, x 100. B Nuclear 
PCNA staining pattern is granular throughout  the nucleoplasm. 
x 200. C Well-differentiated squamous cell carcinoma. PCNA-pos- 

itive cells are seen in the basal layer, x 100. D Squamous cell 
carcinoma cells in a massive and infiltrating growth. PCNA-posi- 
tive cells are scattered in the infiltrating tumour cells only. x 100. 

E Tumour cells in epithelial pearls. Only the peripheral cells are 
positive for PCNA staining; keratinized cells are negative, x 100. 
F, G PCNA-positive tumour cells in poorly differentiated squa- 
mous cell carcinoma. All the infiltrating invasive turnout cells stain 
positively for PCNA in tumour cell nuclei, x 100 
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sue incubation with nucleotide and altered uptake of 
the label, as well as hazards of handling radioactive sub- 
stances. The use of BrdU and anti-BrdU antibodies elim- 
inates some of the disadvantages, but still needs fresh 
and viable tissues. Although flow cytometry has many 
advantages, it is a degradative technique which results 
in the loss of tissue architecture; thus it cannot be used 
for the simultaneous analysis of cell proliferation fea- 
tures and histopathology. The use of immunocytological 
methods can potentially simplify and expand the clinical 
analysis of proliferating cells, as it preserves tissue archi- 
tecture and cell to cell relationship, and viable tumour 
cell areas may be evaluated and separated from necrotic 
areas with a simultaneous evaluation of tumour cell ki- 
netics and histology. 

Turnouts are considered to contain three groups of 
cells in kinetic terms : proliferating cells that are involved 
in the cell cycle (S, G2, M, Ga) , non-proliferating Go 
cells that may enter the cell cycle and cells that have 
lost the capacity to divide. The growth fraction of the 
tumour comprises the proliferating or cycling cells of 
the total cell population. In the present study, Ki-67 
showed weakly positive immunostaining reaction only 
in acetone-fixed frozen sections and no reaction product 
in fixed paraffin sections. The reaction product with Ki- 
67 recognized an epitope associated with DNA-binding 
nuclear protein which is destroyed in fixed and paraffin 
embedding procedures. Ki-67 staining was then used in 
frozen sections; however, quantification of Ki-67 stain- 
ing is not simple to standardize (Hitchcock 1991). Ag- 
NORs did not demonstrate specificity of reaction and 
were weakly positive using all fixatives, in both frozen 
and paraffin embedded tissues. PCNA PC10 antibody 
reactivity was specific in the range of 6 to 48 h in 10% 
formalin and Carnoy-fixed paraffin sections. However, 
tissue preservation was observed to be superior in forma- 
lin to Carnoy fixation. Most surgically removed tumours 
routinely fixed in 10% formalin provided excellent tissue 
preservation for immunohistochemical staining. Post- 
fixation procedures did not provide reasonable tissue 
preservation when PCNA PC10 monoclonal antibody 
was used. Following comparisons of immunostaining for 
PCNA PCI0, Ki-67 and AgNOR staining, we have used 
the streptavidin biotin complex peroxidase technique us- 
ing PCNA PC10, allowing the retrospective evaluation 
of tumour cell growth fraction in routinely processed 
and paraffin-embedded tissues. 

Recently, van Dierendonck etal. (1991) described 
comparative results of expression with PCNA (polyclon- 
al and monoclonal antibody), Ki-67 staining, and BrdU 
labelling in MCF-7 human breast carcinoma cells and 
found that PCNA-negative cells were Ki-67 negative; 
they concluded that anti-PCNA antibody may be an 
excellent marker to detect cells with S-phase DNA con- 
tent in situ. 

To our knowledge, this study is the first quantitative 
study of tumour cell growth fraction by immunohisto- 
chemical methods in malignant and pre-malignant le- 
sions occurring in the oral and maxillofacial region. A 
semi-quantitative analysis of PCNA staining in tumours 
has shown a high correlation with flow cytometrically 

determined S-phase data on the same tumours (Garcia 
et al. 1989; Dawson et al. 1990; Hall et al. 1990). Our 
study showed a PCNA-positive cell index correlated with 
the differentiated and cellular atypia of oral squamous 
cell carcinoma. However, the values which were not sig- 
nificant in poorly differentiated carcinoma may be evi- 
dence of a loss of relationship between PCNA expression 
and differentiation. An increased expression of PCNA 
has been shown to correlate with blast transformation 
in chronic myelogenous leukaemia (Takasaki et al. 
1984). 

In our study, normal mucosa showed the proliferating 
cells only in the basal layers but in pre-malignant lesions 
the proliferating cells were scattered and significantly 
more numerous throughout the epithelial layers, sug- 
gesting disorganized cellular proliferation. Moreover, 
the index of proliferating cells was greater in pre-malig- 
nant lesions than in the normal specimens. The PCNA 
index in senile keratosis and Bowen's disease was consid- 
erably higher than in leukoplakia. This may be attrib- 
uted to degree of dysplasia, as in our case minimal dys- 
plastic changes were seen in leukoplakia. Thus this find- 
ing suggests that the pre-malignant lesions are prolifera- 
tive disorders and the proliferating cell growth fractions 
correlate with the degree of dysplasia. However, in 
malignant tumours, although loss of cellular differentia- 
tion and cell growth fractions were correlated, it may 
be that differentiation is rather more important than 
proliferation in determining biological behaviour. 

The basal cell carcinoma showed a higher index of 
proliferating cells in tiny infiltrating nests in connective 
tissue stroma than in the nests and cords of basaloid 
cells arising from the region of epidermal basal cells. 
This may be related to an aggressive growth pattern 
and more invasive clinical behaviour of basal cell carci- 
noma with tiny infiltrating nests in the stromal tissue. 

Earlier authors employing PCNA in cell cycle studies 
have suggested differences in the sensitivity of the anti- 
bodies and methods to determine positive reaction of 
cells. In different studies, there is non-uniformity of tis- 
sue handling and scoring method of positive nuclei and 
therefore varied PCNA scores have been observed. Be- 
fore the production of monoclonal antibodies Robbins 
etal. (1987) applied human serum containing anti- 
PCNA to formalin-fixed tissue sections of 64 human so- 
lid malignancies and demonstrated immunoreactivity in 
only 46 of the malignant tumours. The majority of reac- 
tive tumours showed a proliferating fraction of less than 
1%. However, scores of 20-50% in tissue culture and 
11-36% in haemopoietic malignancies have been re- 
ported (Miyachi et al. 1978; Smetana et al. 1983). Even 
using monoclonal antibodies, variable data on the frac- 
tion of PCNA-positive nuclei in tissue sections have been 
reported (Kurki et al. 1988; Garcia et al. 1989; Battersby 
and Anderson 1990). In this study, we have taken mea- 
sures to standardize the tissue fixation and preservation. 
All nuclei were scored as positive regardless of staining 
intensity by computer-assisted image analysis. Morris 
and Mathews (1989) Landberg et al. (1990) and Kurki 
et al. (1988) have reported variations in the level of 
PCNA during the cell cycle. However, tumour cells 
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showing  min ima l  P C N A  pos i t iv i ty  m a y  occur  as a resul t  
o f  the loss o f  an t igenic i ty  o f  the  p ro t e in  du r ing  tissue 
process ing.  In  add i t ion ,  over -express ion  o f  the ant igen  
in cer ta in  t u m o u r s  m a y  represen t  an au tocr ine  or  pa r ac -  
rine g rowth  fac to r  inf luence on  P C N A  gene funct ion ,  
and  this aspec t  needs fur ther  inves t igat ion.  

D N A  synthesis  and  ra te  o f  cel lular  p ro l i f e ra t ion  have  
been f o u n d  to be i m p o r t a n t  fac tors  in h u m a n  ma l ignan -  
cy. This  s tudy  shows tha t  m o n o c l o n a l  a n t i b o d y  P C N A  
PC10 is a va luab le  m a r k e r  to label  p ro l i f e ra t ing  cells 
in fo rmal in- f ixed ,  p a r a f f i n - e m b e d d e d  tissues. We believe 
fur ther  inves t iga t ions  on  p rognos i s  and  response  to var-  
ious t r e a t m e n t  reg imens  o f  cancer  should  be car r ied  ou t  
on the basis  o f  cell cycle analys is  us ing P C N A  i m m u n o -  
h i s tochemis t ry .  
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