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ABSTRACT

Background: Breast cancer ranks first among cancer in urban population of India, and 2nd most common in the rural population. Proliferative
activity acts as an adjunct and gives prognostic importance in breast cancer. However, the best method for measurement of proliferative rate
is controversial. The aim was to evaluate the association between PCNA labeling index (PCNA-LI) and Ki67 labeling index (Ki67-LI) and
their correlation with histological grade.

Methods: Seventy cases of simple and Modified Radical Mastectomy specimens with the diagnosis of carcinoma breast were included in the
study. H&E stained sections were examined for assessment of histological grade. IHC scoring was done for the markers Ki-67 and PCNA.
Correlation of PCNA with Ki67 and tumor grade was performed.

Result: 18 specimens were grade 1 tumors, 36 cases were grade 2 and 16 were grade 3. 90.0% of tumors were positive for PCNA index and
Ki-67 positivity was observed in 85.7% cases, median and mean values of PCNA and Ki67 were 52.0, 51.64+/-37.475, and 24.50, 26.17+
24.183 respectively. Final score was divided into low and high index using median value as a cut off. Ki-67 LI showed strong positive
correlation with histological grade (p=0.0001). PCNA LI showed positive correlation with histological grade (p=0.041) but no correlation
was observed with Ki-67 LI (p=0.232)

Conclusion: PCNA marker cannot substitute Ki67 but may be used as an additional marker to assess proliferative activity along with
other markers. It may be useful to categorize subgroups with different grades of proliferative activity due to its easy applicability and
assessment techniques
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Introduction

Breast cancer ranks first among cancer in urban population
of India, and 2nd most common in the rural population.
Breast cancer accounts for 25% to 32% of all cancers in
females. Most people presenting only when symptomatic,
and on an average, most ‘symptomatic’ cancers are stage
2B and beyond (significant numbers in stages 3 and 4).
India ranks number one in the numbers of healthy life years
lost (DALY - Disability Adjusted Life Years) due to breast
cancer. Early diagnosis and treatment can reduce breast
cancer related morbidity and mortality. [

Many prognostic factors have been proposed to help identify
the patients in whom there is a chance of recurrence after
treatment, and in order to select patients with low clinical
stage who should receive adjuvant therapy. In addition
to histological grading and clinical staging assessment
of proliferative activity acts as an adjunct and gives
prognostic importance in many tumors including breast
cancer. Markers used are mitotic count, AgNor count,

BrDu uptake, Flow cytometry — S phase fraction and
Immunohistochemistry (IHC). However, the best method
for measurement of proliferative rate is controversial. %

The simplest method is counting mitotic figures in
routine sections, but it has been criticized by others due
to subjective variation in identification, different counting
protocols and technical pitfalls such as thicker sections
and intratumoral difference in distribution. Although
determination of labeled thymidine or bromodeoxyuridine
correlates well with other prognostic factors the technical
complexity limits its usage in routine laboratories. S
phase fraction measurement using Flow cytometry has
been proven to be a definite prognostic marker in breast
carcinomas, however technical difficulty, high cost as well
as need of expertise in instrumentation and interpretation
are the limiting factors.

Ki67 and Proliferating cell nuclear antigen (PCNA) are
antigens can be assessed by Immunohistochemistry with
the help of monoclonal antibody; they are expressed in
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nucleus of cells during various phases of cell division.
Ki67 is expressed in all stages of cell replication and it is
an independent prognostic marker, can act as a substitute
for mitotic count when assessed along with histological
grading. PCNA is 36KD protein cofactor of DNA
polymerase delta, variably present in late G1, S and mitotic
phase of dividing cell. ¥

The potential value of ITHC marker like PCNA which
can be assessed in formalin fixed tissues prompted us to
evaluate its positive expression and correlation with other
established prognostic markers in seventy untreated breast
cancers in mastectomy specimens. The aim was to evaluate
the association between PCNA labeling index (PCNA-LI)
and Ki67 labeling index (Ki67-LI) and their correlation
with histological grade.

Materials and Methods

This study was conducted in the Department of Pathology
in collaboration with Surgery department in JIPMER,
Puducherry. Institute ethical committee clearance
was obtained; written consent was taken from all the
participants. Study is nonfunded. Simple and Modified
Radical Mastectomy specimens with the diagnosis of
carcinoma breast were included in the study. The specimens
treated with neoadjuvant therapy and patients with history
of recurrent or relapse was excluded from our study.

Representative samples taken from grossing specimens
were fixed in 10% buffered formalin and those were
processed according to routine protocol in Histokinette
(Leica TP 1020). Tissues after paraffin embedding, with
the help of rotary microtome (Leica RM2125RT) blocks
were sectioned into four to six microns thickness sections.
Sections were stained by Haematoxyllin and eosin (H&E)
stain. 64 cases were Infiltrating ductal carcinomas NST (no
special type), 2 cases were diagnosed as Infiltrating lobular
carcinomas, one case of mucinous and comedocarcinoma
and two cases were Intracystic papillary carcinoma.

Histological Grading of Tumors: H&E stained
sections were examined for histological grade applying
Nottingham’s Modification of Bloom Richardson grading
system. Grading and IHC scoring was assessed by two
authors independently; and were categorized into grade I,
IT and III. Mitotic count was counted per ten contiguous
high power fields in high proliferating areas with good
cellularity away from areas of necrosis. In all cases, four
sets of ten high power fields were selected and the resultant
highest count was taken as the final mitotic index score. ¥

Immunohistochemical  Study: The  monoclonal
antibodies used in the present study for IHC are Ki-67
and PCNA (DAKO kits). Streptavidin biotin method

including di-amino-benzidine (DAB) as chromogen was
applied. Sections taken from paraffin blocks using silane
coated slides. Antigen retrieval was done by microwaving;
retrieval time of 30 minutes was standardized for Ki-67
and 20 minutes for PCNA. Sections from the lymphnode
and skin were used as a positive control for Ki-67 and
PCNA respectively.

Analysis of Immunoreactive Scores For Ki-67 and
PCNA Markers: ' The monoclonal antibodies used in the
present study for IHC are Ki-67 and PCNA markers. Only
unequivocal nuclear staining was considered as positivity
for both markers. Minimum thousand cells were counted in
consecutive fields to determine final scores. The percentage
of positive cells was expressed as the labeling index.

Statistical Analysis Statistical analysis was performed
using SPSS software version 21.0. The histological grade
and immunohistochemical markers were correlated by
nonparametric Spearman’s rank correlation coefficient.
Chi-square test was applied to assess the association
between the parameters. For all statistics, significance was
accepted for p< 0.05.

Results

Seventy female patients with age ranging from 23 to 76
years, majority of patients fell in the age range of 35 -
45 years. 34% of patients were premenopausal and 66%
were postmenopausal. On comparing the results of two
authors more than 85% agreement was obtained. Of the 70
cases 18 were grade 1 tumors, 36 cases were found to be
complying with grade 2 and 16 were grade 3. Photographs
of Infiltrating ductal carcinoma (NST) with varying grades
showed in Fig.1.Two cases of Papillary carcinoma and
Mucinous carcinoma showed grade 1 histology, Infiltrating
lobular carcinoma (ILC) and Medullary carcinoma cases
showed grade 2 features and Comedocarcinoma was
categorized into grade 3. [Fig.2]

Assessment of PCNA Marker Positivity: PCNA
showed predominantly diffuse granular and at places
mixed positivity of nuclear staining. Though there was
significant difference in staining intensity all recognizable
positivity was included to give final score. 63 (90.0%)
tumours were positive for PCNA index, PCNA index
ranged from 0 to 100% with the median value of 52.0,
mean value with standard deviation is 51.64+/-37.475.
Using median value tumors were separated as low and
high PCNA index. [Fig.3]

Assessment of Ki-67 Positivity: ITHC marker Ki-67
positivity was observed in 60 out of 70 (85.7%) breast
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carcinomas. It was evident as nuclear as well as nucleolar
staining. Staining intensity varied among the tumor
cells. All cells with recognizable positivity were counted
for final score. The assessment of Ki-67 positivity in 70
breast tumours showed their distribution with a median
and mean + standard deviation of 24.50, 29.17+24.183
respectively. Final score was divided into low and high
index using median value as a cut off. [Fig.4] Then Ki-
67 LI was correlated with histological grade and PCNA
labeling index. ILC and papillary carcinoma types showed
decreased THC markers expression compared with other
histological variants. Expression of Ki67 and PCNA
markers among different types are depicted in [Fig.5]

Correlation of PCNA with Grade and Ki67: Ki-67
LI showed strong positive correlation with histological
grade (p=0.0001). Only one tumour with high Ki-67 LI
expression showed grade 1 histology while 14 tumours
with high Ki-67 expression were found in grade 3 tumours.
Conversely 2 tumours in grade 3 showed a low Ki-67
activity however 17 grade 1 tumours showed low Ki67 LI.
There was a significant increase in the mean = SD of Ki-67
LI values from low grade to high grade tumors (Table 1).

PCNA LI showed significant positive correlation with
histological grade (p=0.041). Six cases with high PCNA LI
expression showed grade 1 histology while 12 tumours with
high PCNA LI expression were found in grade 3 tumours.

Low 17 16

Tablel: Correlation of Ki67 High and Low LI with Histological grade.

Significant number of high grade tumours was found with
high PCNA activity. Conversely four tumours in grade 3
showed a low PCNA activity however 12 gradel tumours
showed low PCNA LI. Significant increase in the mean
+ SD of PCNA LI values from low grade to high grade
tumors were observed. As the tumour grade increased the
labeling index value or score of PCNA was observed to
be increased, thus giving positive association between the
grade and the marker’s expression [Table 2]. PCNA index
did not show positive correlation with Ki-67 LI (p=0.232)
[scatter plot Fig.5]. It was observed that 21 cases with
low PCNA index also showed low Ki67 LI, similarly 20
of high PCNA index cases were found to have high Ki67
LI Rest of the 29 cases showed either low PCNA LI and
high Ki67 LI or vice versa. Hence, though there was very
weak correlation between the two, the association is not
significant (Table 3).Thus Ki-67 and PCNA marker status
of the tumors positively correlated with histological grade.
No association was found with PCNA and Ki67 expression.

Discussion

PCNA is widely used to assess cell proliferation in many
malignancies. This marker expression in carcinoma
breast patients is extremely variable and the prognostic
significance is highly controversial. The present study
assessed IHC proliferation markers PCNA and Ki67
expression in seventy carcinoma breast patients and

High 1 20

23.667 0.0001

14

p value <0.05 is considered significant

Table 2: Correlation of PCNA High and Low LI with Histological grade

Low 12 20

High 6 16

6.393 0.041

p value <0.05 is considered significant

Table 3: Correlation of PCNA High and Low LI with Ki67 High and Low LI.

Ki67 Labeling Index Low 14

2.059 0.232
Low 21 20
High 15

p value <0.05 is considered significant
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Fig. 1: Showing different grades of Infiltrating ductal carcinoma NST (H&E) a)Grade 1-score 3, (x 400), b)Grade 2- score 6,
(x100), c) Grade 3- score 8, (x400).

Fig. 2: demonstrates histopathology pictures of infiltrating ductal carcinoma, special types in varying grades (H&E) (a)
Intracystic papillary carcinoma Grade 1, score 5, inset- anastamosing papillary processes (x 40) b) Mucinous carcinoma,
Grade 1, score 5, (x 100) c) Infiltrating lobular carcinoma, Grade 2, score 6, (x 100) d) Medullary carcinoma, Grade 2, score
6, e) Comedocarcinoma, Grade 3, score 8(x 40).
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Fig. 3: Frequency distribution of PCNA among the study group [N=70], Median value-52.0
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Fig. 4: Frequency distribution of Ki67 among the study group [N=70], Median value 24.5.
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Fig. 5: Scatter plot of PCNA LI against Ki67 LI, No significant correlation observed.
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evaluated the association between these markers as well
as with the established independent prognostic marker
histological grade.

Schonborn et al™ studied 471 breast cancer cases and
showed that in univariate analysis with a median follow up
of 5 years, survival rates depended on PCNA expression
in node negative patients other than histological grade,
and they concluded that PCNA expression was a valuable
prognostic marker. Conversely Masakuni Noguchi®
studied 91 patients with operable invasive breast cancer
patients and showed that PCNA expression did not correlate
with clinicopathologic and biologic prognostic factors. The
results of previous larger studies were highly contradictory.

Our study showed significant positive correlation between
PCNA and histological grade and highly significant
association between Ki67 LI and grade. Similar results
were identified by other authors also ( Pelosi G and Brown
DC).P" The Ki67 LI mean and median values agree with
already reported values ranging from 7.2 to 32.4%, the
highest median value of 32.4% was observed by study
done by Caly M. ''When tumor grade is high the resultant
proliferative activity is also higher which is reflected by
high LI of PCNA and Ki67. Our results indicate that high
grade tumors follow uncontrolled proliferative activity as a
mechanism of tumor progression.

Additional advantage of this marker is easy applicability
in routine formalin fixed tissues, frozen sectioning is not
necessary. However, due to heterogeneous staining quality,
to exclude subjective variation in the assessment of LI,
formulation of standardized scoring system or automated
image analysis is suggested.

The lack of association between PCNA and Ki67 LI on
breast carcinoma is surprising. Our results correlate with
the study done by Leonardi et al and Hall et all*>!3} who
showed similar insignificant association between these
markers. Similar results were also obtained by Thomas
et al and Surowik et al '*"*lwho studied correlation of
these two markers in good number of primary breast
carcinomas, our results agree with their conclusions. But,
these results contradict the data obtained by Pelosi G et al,
Dawson et al and Battersby et al®!®!7'who showed positive
correlation between these two markers. However they
applied different antibody lineage as well as used frozen
sections in their study. These contrasting results may be
attributed to high sensitivity of PCNA marker to fixation
time and antigen retrieval techniques, which varies widely
among laboratories.

PCNA expression is higher than Ki67 expression in our
study as other previous studies (Pelosi G).”) In contrast to

Ki67 which is expressed only in cells actively involved
in cell cycle, PCNA is frequently over expressed in
noncyclical cells also in variable manner. The discrepancy
of PCNA LI may be due to its role in DNA repair in addition
to cell proliferation. So, the final LI not only indicates
proliferation, it includes the damaging cells undergoing
cell repair, in turn the resultant values are higher than
the values expected. Higher median value of PCNA in
comparison with the median value of Ki67 is attributed to
prolonged half life and persistence of the antigen in cells
which have already completed cell cycle.!'®!!

Conclusion

Our data showed significant association of PCNA LI to
histological grade; however the association is not as strong
as Ki67 LI towards tumor grade. Though we observed
very week correlation between PCNA and Ki67 LI, there
was lack of significant association between these two
proliferative markers. PCNA marker is influenced by
other undefined factors to larger extent that it affects the
usefulness and prognostic significance of this marker in
assessing proliferative activity in breast cancer patients.

Though PCNA LI is not comparable with the Ki67 LI,
this marker exhibits significant correlation with the grade
which is a well proven independent prognostic marker.
Hence it cannot substitute Ki67 but may be used as an
additional marker to assess proliferative activity along with
other markers. It may be useful to categorize subgroups
with different grades of proliferative activity due to its
easy applicability and assessment techniques. To know the
definitive role of PCNA as a useful proliferative marker in
breast carcinoma patients, large clinical follow up of such
patients in large sample size should be studied considering
disease free period and survival data.
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