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Proliferating cell nuclear antigen (PCNA) expression in oral squamous cell
carcinoma- an aid to conventional histological grading?
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Abstract:

Proliferating cell nuclear antigen (PCNA) is a well known marker for cell proliferation. It tends to
accumulatein thelate G, and S-phaseaf thecell cycle. A monoclonal antibody (MoAb) against PCNA
is now available and it can react with paraffin-embedded specimens. In the present study, PCNA
immunohistochemical staining of 36 cases of oral cancer specimens obtained from surgery were
investigated. The results showed differing nuclear staining patternsfor PCNA in normal, hyperplastic
and dysplasticepithelium, early cancer and 3levelsof differentiationfor squamouscell carcinomaof
the oral cavity. It appearsthat PCNA can be a useful marker in delineating normal epithelium and
hyperplastic epithelium from dysplasiain the oral cavity. The use of PCNA staining may further
emphasi zetheconventional histopathol ogi calgrading of well-differentiated, moderatel y-differentiated
and poorly-differentiated oral squamous cell carcinoma but is still dependent on basic criteria as
observed without immunostaining. PCNA expression for all grades of squamouscell carcinomaare
present at the deep, infiltrative margins.
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INTRODUCTION

Oral cancerin some Asian countriesisthe most
commontypeof malignancy. Theincidencevaries
depending on the countries but can be ashigh as
50%of all cancer cases.! The prognosisof oral
cancer is dependent on early detection of cancer
and precancerous lesions. The choice of the
treatment modalities and whether a radical or
conservativeapproachshould be considered may
also depend to a certain extent on the stage of
tumour cell invasionand histopathol ogical grade
of the cancer. However, early cancer and the
conventional histopathol ogicalgrades(Broder's)
subdivisions of advanced oral sguamous cell
carcinoma may hot give a true picture of the
prognosis of the disease.? Biomarkers may be
useful in many cases. The searchfor biomarkers
of cancerswhich can act as prognosticindicators
of the diseaseis now being actively studied and
one such marker is the proliferating cell nuclear
antigen (PCNA).

PCNA is a known marker for proliferating
cells. Alsoknownascyclin,itisa36kD auxiliary
protein for DNA polymerase delta.® It has been
widely used in cell kinetic studies because its
expression and distribution correlates with cell
proliferationand DNA synthesis. PCNA tendsto
accumulatein thelate G, and S phase of the cell
cycle.** A monoclonal antibody (M oAb) against
PCNA is now available commercially. This

antibody hasthe advantagedf being ableto react
with fresh frozen tissuesand paraffin-embedded
specimens using immunohistochemical
procedures.

Studieson PCNA expressioninoral squamous
cell carcinoma have shown that PCNA has
potential as a biomarker for oral cancer.*® The
current study wascarri edout todeterminewhether
PCNA can aid in the conventional
histopathological grading of ora carcinoma. It
wasal sothe purposeof thisstudy todocumentthe
pattern of PCNA expression in oral carcinoma
and its marginal edge.

MATERIALSAND METHODS

Fourteen specimens of oral squamous cell
carcinomafromtheDepartmentof Oral Pathol ogy,
Oral Medicineand Periodontol ogy, University of
Malaya and 20 specimens from the Oral and
Maxillofacial Surgery Unit of Tribhuvan
University TeachingHospital ,K athmandu,Nepal
and 2 specimens from the Department of Oral
Maxillofacia Surgery, Asahi University, School
of Dentistry, Gifu, Japanwereusedfor thisstudy.
The specimens, which had been fixed in 10%
formalin andembeddedin paraffin, weresectioned
at 4pm thickness and placed on lysine-coated
dlides. After deparaffinization and rehydration,
one sectionfrom each specimenwas stained with
haematoxylinandeosin(H&E). Theother sections
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underwentmicrowavehesating. Thesesectionson
dlides were placed in 1% zinc sulphate solution
and allowedtoreach atemperaturecf 100+5°Cin
the microwaveoven for 5 minutes. This process
wasrepeatedfor another Sminutesandthesections
left to cool for 15 minutes. Microwaveheating of
sections have been shown to improve antigen
retrieval in long term formalin-fixed tissues.*
Afterthisprocedure, endogenousperoxidasewas
blocked by 0.3% hydrogen peroxide in 99%
methanol for 30 minutes. The sectionswerethen
treated with normal rabbit serumat 1:20 dilution
for non-specificbackground blocking. This was
followed by incubation of the sections with
monoclona mouseanti-PCNA, PC10(Dakopatts,
Denmark) at a dilution of 1:20 for 1 hour. The
sectionswerethenreacted with biotinylatedrabbit
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IgG anti-mouselgG at adilution of 1:200 for 30
minutes,followed by treatment withavidin-biotin
complex for 30 minutesand visualizedwith 3-3'
diaminobenzidine tetrahydrochloride (DAB)
containing 0.005% hydrogen peroxide solution.
Normal mucosa was used as a positive control
and replacement of the primary antibody by PBS
as a negative control step.

Thehistopathol ogi cal assessmentforepithelial
dysplasia was based on WHO criteria” The
conventional criteriafor the different grades of
squamous cell carcinoma were based on the
Broder's classification.'? Early squarnous cell
carcinoma was nhot graded and was defined as
carcinomawheretheinvasion involved only the
lamina propia. These criteria were as listed in
Tablel.

TABLE 1. Higtological criteriafor dysplasiaand oral sqguamouscell carcinoma (SCC)

Nomenclature

Criteria

References

Epithelialdysplasia
below:

1

(no subdivisioninto 2
mild, moderateor severe) 3.
4

. Basal cell hyperplasia

. Irregular epithelid stratification
Nuclear hyperchromatism

. Keratinizationdf single/groups

Presenceof some of thesefeatures

WHO Caollaborating
Centrefor Oral
Precancerous
Lesions"

of cellsin pricklecell layer
. Increased number of mitoticfigures
. Reduction of cellular cohesion

. Increased nuclear: cytoplasmic ratio
Drop-shaped rete processes

5
6
7. Enlarged nucleoli
8
9
1

6. Mitoticfiguresin superficia haf of

epithelium

11. Lossof polarity of the basal cells
12. Cellular pleomorphism

Ora SCC (Broder'sClassification):
1. Well - differentiated SCC

Relatively maturetumour cells
with few nuclear aberrationsand with

Anneroth &
Hansen!'?

the presenceof keratin pearlsand/or
individual cell keratinization.

2. Moderately-differentiatedSCC

The presenceof tumour cells exhibiting

awiderange of differentiation. Keratiniz-
ation was occasionally present and nuclear
aberrations were moderately abundant.

3. Poorly-differentiatedSCC

Disorderly and poorly differentiated

tumour cells with no tendency to keratiniz-
ation. Nuclear aberrations were abundant.




RESULTS

Positive staining of nuclel of surface epithelial
and cancer cells was observed in al specimens.
Thenumber of cellswith positivenuclear PCNA
imrnunoreactivityvariedin different specimens.
Histol ogi cal examinati onof H&E sectionsshowed
that out of 36 specimens, 8 were early invasive
carcinoma, 10 were well-differentiated
carcinoma, 8 were moderately-differentiated
squamous cell carcinoma and 10 were poorly-
differentiated carcinoma. In many specimens,
normal, hy perpl asti cand dyspl asti cepitheliumat
the tumour marginswere a so evident.

In normal epithelium, positivenuclear PCNA
staining of the basal cellsand few parabasal cells
wasevident (FigurelA & B). However, positive
nuclear staining was observed in the basal,
parabasal and the spinouscell layer of dysplastic
epithelium (Figure 1C).

In early invasive carcinoma, positive nuclear
PCNA staining was observed in the basal and
parabasal layer with very intensenucl ear staining
of thecellsat theinfiltratingmargins(Figure2B).
Cases of early invasive carcinomaalso showed
moderatedysplasi aof adjacent surfaceepithelium.
Positive nuclear PCNA staining was observedin
thebasal, parabasal and lower spinousl ayer of the
dysplastic epithelium. Positive nuclear staining
of thecancer cellswereevidentinhyperchromatic
nuclel but not in clear/vacuolated nuclei (Figure
2A & B).

All moderately-differentiated carcinomas
showed nuclear stainingof peripheral cellsof the
tumour islands containing mature tumour cells
(Figure 3B). In areas showing lesser degrees of
differentiation (less mature tumour cells), there
was variable staining with no particular pattern.
There was positive PCNA staining of small
infiltrating and invasive nests of tumour cells.
There was also positive nuclear staining of the
basal cells of adjoining hyperplastic epithelium
whileintensepositivenuclear stainingfor PCNA
was seen in the basal and parabasal cells at the
junction of the tumour margin and hyperplastic
epithelium.

The well-differentiated carcinomas exhibit
positivenuclear PCNA staining of the periphera
cellsof thetumourislands(Figure3C). Therewas
no staining of thekeratinized cellsor the keratin
pearls. PositivePCNA stai ningwasevidentwithin
thetumour cellsof theinvasive/infiltrative tumour
islands (Figure 3D). The adjacent surface
epithelium exhibited positive staining of some
basal cell nuclel.

PCNA IN ORAL CARCINOMA

HG1AB: Normad and hyperplastic ora
epithdium, FCNA postive cdlsin the basd layer; C.
Dyspladticord epithelium,PFCNA postivecdlsinthe
basd and parabasa layers. Origind megnification x
100.

A heterogeneity of PCNA nuclear staining
wasobservedin poorly differentiatedcarcinoma.
In al the 10 cases of poorly-differentiated
carcinomas, some of the hyperchromatic and
anaplasticnuclei of theinfiltratingcell nestswere
intensely stainedfor PCNA (Figure4B). Positive
nuclear PCNA stai ningof theinfiltrative/invasive
tumour cells was evident but clear/vacuolated
nuclei intheinfiltrativecell nests were negative
for PCNA (Figure4D).
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FIG. 2A-B: Early invasive carcinoma; A: haematoxylin & Eosin; B: Intense nuclear PCNA
staining at the infiltrating margins. Original magnificationsx 100.

DISCUSSION

Qualitativeanalysis of the characteristic pattern
for nuclear PCNA irnmunoreactivity in normal
and hyperplasticepithelium, dysplasticepithelium
and the different grades of squamous cell
carcinomain thisstudy wasfound to be different
for each of these entities. These qualitative
observationsweresimilar to the studiesby Tsuji
et al” and Coltrera et al.* The conventional
criteriaof grading dysplasiahad been published
in1978 by theWorld HealthOrgani sation(WHO)
collaborating centre for oral precancerous
lesions."! However, Pindborg et a/'* had shown
non-uniformityinassessingthedifferentlevel sof
dysplasiaby 72 participants of the2nd Meetingof
thelnternational A ssociationof Oral Pathol ogists
in Amsterdamin1984. Pindborget al summarized
that such an exercise represented the need for
uniform criteriafor diagnosis of ora epithelia
dysplasia. This study and other recent studies
have shown that nuclear staining for PCNA in
dysplastic ora epithelium involved the basal,
parabasal and spinouscell layer as compared to
norma and hyperplastic epithelium where the
nuclear PCNA staining was only in the basa
area.®’# Suprabasal stainingwasobservedin all
types of dysplasia and carcinoma-in-situ by
Coltrera et al.® Tsuji et al® had quantitated the
expression of PCNA and found that the growth
fractionswerehigherinleukoplakiaascompared
to normal mucosa. However, leukoplakia may
have histological characteristics ranging from

epithelial hyperplasia without dysplasia,
hyperkeratotic epithelium, varying degrees of
dysplasia, early invasive carcinoma or
combinationsof these histological pictures.’ In
view of this, future studies can be conducted to
correl atebetweenthesubdivisionsof leukoplakia
according to histological characteristics and
PCNA activity. At this stage many studies,
including our current study, show that PCNA is
a useful marker in differentiating dysplastic
epitheliumfromnormal epithelium.>*” However,
moreinvestigationswill berequired to ascertain
whether the different grades of mild, moderate
and severe dysplasia and carcinoma-in-situ can
bedifferentiatedfurther with the useof PCNA as
abiomarker.

Similarly, in the area of early cancer, PCNA
immunostaining may be useful in differentiating
moreaggressi vetumours(wherenuclear staining
for PCNA occurs in many nests of cells at the
infiltrating margins)fromlessaggressivetumours
(wherethisis nuclear staining of only periphera
cells of tumour islands at the invasive margins)
with a tendency towards a well differentiated
carcinoma. The ability to predict the grade of
carcinomaat an early stagemay beuseful for ora
and maxillofacial surgeonsin deciding the best
treatment for the patient and thus giving a better
prognosisfor the patient.

In advancedoral carcinoma, adefinitepattern
of PCNA distribution in well-differentiated,
moderately-differentiated and poorly-
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FIG. 3A-B: Moderately-differentiated squamouscell carcinoma; A: Haematoxylin & eosin stain; B:
Positive PCNA staining of peripheral cellsof the maturetumour islandsand positive PCNA staining
of the infiltrating nests of cells. C-D: Well-differentiated squamous cell carcinoma; C: Positive
PCNA staining of the keratinized tumour islands with no PCNA staining of thekeratinized cells. At
theinvasive border, thereis positive PCNA staining of theinfiltrating tumour cells. Original x 100.

differentiated carcinoma has been consistently
reported by recentstudies.®” This patternisagain
reproduced in our study where a well-
differentiatedcarcinomashowednuclear staining
of theperiphera cell sof thematuretumouridands,
a moderately-differentiated carcinoma showed
nuclear staining of periphera cells of mature
tumour islands and variable staining of the less
differentiated or mature areas and a poorly-

differentiated carcinoma would exhibit a
heterogeneity of PCNA staining. However, even
though such adefinite pattern of PCNA staining
can beobserved, its usecan only complement the
conventional histopathological grading.

Many publicationshad a so indicated that the
conventional histopathological grading for
squamous cell carcinoma by Broder’s was of
limited value.>'? These authorsfound that whilst
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FIG.4A-D: Poorly-differentiated squamous cdl carcinoma A & C. Haematoxylinand Eosin Saining;
B & D: Some hyperchromaticand angpladtic nudle are Sained for PCNA. Clear or vacuolated nuclel
are negativefor PCNA. Origind magnificationsx 100.

Broder's classification only described the
differentiation or maturation of the tumour cell
population, theconsiderationaf tumour cellsand
tumour-hostrel ationship, termed theM alignancy
Grading System (MGS)'* was a better
histopathological indicator for prognosis and
treatment. A series of development and
modificationof the M GS havebeen investigated
(Table 2). More recently, it was found that the
modified MGS system when applied to the
invasive margins, showed better prognostic
potential.’® In thisregard, the presence of PCNA

28

stainingintumour cellsat theinvasivemarginsin
al conventional grades of SCC in this study
supported the latest view that thereisavariable
proliferation potential in these deep invasive
areas.!> Furthermore, recentwork onleukoplakia
inour laboratory havea soshowndifferent PCNA
labelling indices for different types of tissue.
Therewas ahigher index for moderateto severe
atypiaascomparedto hyperkeratosis and normal
oral mucosa(Table3). Future studiesevaluating
thegrowth potential of oral SCC based on PCNA
labelling indices at the deep invasive margins
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TABLE 2. Histopathological gradingof oral SCC

Grading System

Basisof grading

References

Broder'sClassifcation
(1941)

Malignancy Grading
System - MGS (1973)
Modified MGS (1984)

Invasivecell grading
(1992)

Differentiation/maturation of tumour
cell populationonly.

Point system taking into account
both the tumour cell population &
tumour-host relationship.

Point system taking into account
both the tumour cell population &

Anneroth & Hansen,
198412

1. Jakobbsen et al, 197315
2.Anneroth & Hansen,
198412

Byrneet a, 1992'¢

tumour-host relationship at the
invasive marginsonly.

TABLE 3: PCNA Labdlinglndex in Leukoplakia

Specimen

% PCNA positivenuclei (Mean)

Normal oral mucosa
Hyperorthokeratosis
Hyperkeratosis
Hyperkeratosist acanthosis
Slight atypia

Moderateto severeatypia

Total no. of cases= 114

PCNA labellingindex = PCNA labelled cellsin at least 1000 cells of leukoplakia.

may befruitful. We notethat PCNA antigenin
specimensthat had beenfixed for up to 48 hours
stillmaintai neditsreactivity.$ This i sadvantageous
inview of thefact that some surgical specimens
may have been in fixativesfor along time. The
antigenretrieval methodusingmicrowaveheating
as used in thisstudy may further enhance PCNA
reactivity by exposing more antigenic Sites.
Quantitativeassessment of PCNA expression
can play importantrolesin thepredictionof long
termsurvival, planning of prophylactic adjuvant
therapy and thechoiceof treatment modalities. It
may also serve as prognostic indicators of
malignanciesandaidinmonitoringtheprogression
of treatment. A study oncolorectal carcinomahas
shown that immunohistochemical analysis may
aidinthepredictionof long termsurvival and the
planning of prophylactic adjuvant therapy.'s
PCNA labelling rates appeared to be potentially
useful prognosticindicatorsfor gastric cancer!’
and in T1 glottic cancer, optimum treatment
regimeshavebeenmoderated by assessingPCNA

expression.’® A high PCNA expression would
indicateahigh proliferativeactivity in the cancer
and therefore the patient would be treated with
radiotherapy which was more specific for
proliferating cells. In the field of ora cancer,
Tsuji et al” hasshownthat the mean PCNA score
decreased significantly from 20% to 8% after
cancer chemotherapy. They concluded that the
measurement of PCNA can be used to monitor
and evaluate the success of treatment modalities
such as chemotherapy.

Arising from the current and other studieson
oral epithelia precancerousandcancerouslesions,
it appearsthat PCNA can be a useful biomarker
for delineatingnormal epitheliumfromdysplastic
epithelium. However, PCNA staining can only
supplementtheconventional gradingof oral SCC
as viewed by light microscopy using the
haematoxylinand eosin stain.

Wehaveshownthat PCNA activity waspresent
in the invasive margins of al the conventiona
gradesof oral SCC. Thus assessmentsof PCNA
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