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Abstract

Background: In spite of the strong evidence demonstrating the role of overexpression of Ki-67 and Cyclin D1 markers
in breast carcinomas, clinical and pathological data remain to be discussed. This can be explained partly by intratumor het-
erogeneity.

Objectives: To define the prevalence and clinical significance of Ki-67 and Cyclin D1 overexpression in primary breast
tumors ER positive, while highlighting the existence of intratumor heterogeneity in this type of cancer

Materials and methods: 51 ER positive breast cancer tumors were used to evaluate the intratumoral distribution of Ki-67
and Cyclin D1 expression. Image acquisition and visualization of the markers were performed by optical microscopy and
stereology sampling method.

Results: The mean Ki-67 labeling index was distributed heterogeneously in the same tumor, from 20.67£6.87 to 45.10£10.65.
The coefficient of variation (COV) revealed dispersion values between 13.4% and 42.9%. Associated with positive ER status,
all the tumors presented a Cyclin D1 expression with a COV varying between 19% and 28.5% and a mean labeling index
fluctuating between 19.40+4.42 and 41.64%10.08 within the same patient showing important intratumor heterogeneous
distribution.

Conclusion: In this study, we have adopted a strictly quantitative approach to evaluate and demonstrate intratumor hetero-
geneity. This establishes one of the main factors for poor response to cancer therapy. To achieve this, intratumor heteroge-
neity should be usually definable and quantifiable but this domain awaits future progress and methods need to move towards
a better understanding of molecular and cellular mechanisms that initiate and maintain this tumor heterogeneity.
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Introduction be a crucial matter in terms of therapeutic responses’.

The breast cancer is a histologically and clinically heter-
ogeneous disease. The intra-tumoral heterogeneity is due
to phenotypically diverse cancer stem cells which can
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propetly cited.

In addition to the known histo-morphological criteria,
the detection and the quantification of this intratumor
heterogeneity will enable to determine groups of pa-
tients with a more accurate prognosis®. Spatial distribu-
tion of Ki-67 is investigated, given the importance of
Ki-67 as a prognostic parameter and its contribution
in treatment decisions®. The oncogenic properties of
Cyclin D1 in breast cancer in particular ER+ invasive
ductal carcinoma (IDC) have been established in var-
ious studies*®. Cyclin D1 overexpression has been re-
ported in 40% to 90% of invasive breast cancet’”. The
aim of this preliminary study was to define the preva-
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lence and clinical significance of Ki-67 and Cyclin D1
overexpression in primary ER positive invasive breast
cancer, while highlighting the existence of intratumor
heterogeneity in this type of cancer.

Material and methods

Fifty one (51) tumor specimens from female patients
with grade III invasive ductal carcinoma (IDC) were
used for this study. Paraffin-embedded tumor samples
and medical data of the selected patients were obtained
from the Regional Military University Hospital of Oran.
Labeling index (LI) (i.e. percentage of positive stained
cells) and coefficient of variation (SD/mean, COV)
of Ki-67 and Cyclin D1 expression were determined
to measure the dispersion. Scoring of the Ki-67 and
Cyclin D1 reactivity was performed by using the Allred
method, which classifies tumors into three groups: neg-
ative/weak (scores 0-2), moderate (scores 3-5) and
strong (scores 6-8)'".

Paraffin sections were mounted on APES (2% 3'-ami-
nopropyltriethoxysilane) coated slides. A monoclonal
Mouse antibody Anti-Human Cyclin D1 clone DCS-6,
DAKO (provided in liquid form as tissue culture su-
pernatant in 0.05 mol/L Tris-HCI, pH 7.6 and 0.015
mol/L sodium azide) and Mib-1, mouse monoclonal
antibody ready-to-use (DAKO) were used. The indirect
avidin-biotin immunoperoxidase technique was used to
demonstrate antibody binding sites. Finally, the sections
were lightly counterstained in hematoxylin.

Tumor samples used to assess intratumor heterogeneity
(ITH) were selected by random sampling method'. Full
cell count method was done by sweeping the slide from
the right to the left then from the top to the down'.
Slides were subdivided in fields (images) delimited by
the microscope grads. To avoid oversampling, the num-
ber of cells was estimated by two-dimensional counting
rule described by Gundersen (1977)". In addition to
cells within the frame, all cells intersected by the upper
and right border are counted and all those intersected
by the lower and left border are disregard, and any cell
hit by the upper left corner are counted and those hit
by the lower right corner are disregard. Slides were re-
viewed using an Optical microscope (Olympus, CH20
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BIMF200) at 40X objective, equipped with a camera
(OPTIKA Vision Lite 1.04 OPTIKAM B5) connected

to a computer.

Results

Ki-67 and Cyclin D1 slides (Figurel), showed positive
nuclear staining but uniformly from one field to another.
Positive perinuclear and sometimes nucleolar reactions
were seen with perinuclear reinforcement. The number
of microscopic fields analyzed per slide were estimated
between 8 and 13. In total, 537 fields have been treated
and 52700 cells have been counted (Table 1).

Ki-67 and Cyclin D1 showed variations in expression
levels in the same tumor. The maximal (Mx) and min-
imal (Mn) of mean labeling indexes (MLI) for Ki-67
were found in patients 39 and 6 with respective values
of 45.10£10.65% and 20.67£6.87% (Figures 2), the
median value was 32.65%. As for Cyclin D1, the maxi-
mal mean labeling index was detected in the patient 39
with a value of 41.64£10.08%, the minimal value was
found in patient 3 (19.40£4.42%) (Figure 3), the medi-
an value was 32.12%.

Ki-67 and Cyclin DI expressions as detected by im-
munohistochemistry were seen in 46 (90.2%) and 39
(76.5%) cases respectively. Cases were categorized in
two groups, moderate 30 (58.8%) and 22 (43.1%) and
strong 16 (31.4%) and 17 (33.4%) (Table 2).

Thirty four (67%) slides in which both Ki-67 and Cy-
clin D1 were positives were used to evaluate the mark-
ers expression by immunohistochemistry. Overall, 17
(33%) cases were negatives with 5 (9.8%) cases negative
for Ki-67 and 12 (23.5%) cases negative for Cyclin D1.
Positives cases were categorized into two groups; mod-
erate 30 (58.8%) and 22 (43.1%) for Ki-67 and Cyclin
D1 respectively and strong 16 (31.4%) and 17 (33.4%)
for Ki-67 and Cyclin D1 (Table 2).

The estimation of COV showed a dispersion of labe-
ling within the same patient (Figures 4 and 5). The COV
of Ki-67 labeling index ranged from 18.2% in patient
51 to 40.3% in patient 26 with Cyclin D1 labeling index
also showed a wide dispersion within the same tumor
with COVs from one patient to another ranging from
14% to 38.5%.
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Figure 1: Representative Nuclear staining results from Mayer’s hematoxylin coloration and
immunohistochemistry for Ki-67 (A) and Cyclin D1(B), x 400.

Table 1: Data of image acquisition showing the field’s number and counted cells.

Number of Slides lij:lrclllst;grli(c)li Total él;rgfer of Number of cells
9 12 108 12860
9 11 99 9240
8 9 72 6220
8 8 64 6580
9 10 90 7470
8 13 104 10330
Total 537 52700
Table 2: Ki-67 and Cyclin D1 scoring expression
) N patients (%)
Scoring Ki-67 - Cyclin DI
0-2 (negative/weak) 5(9.8%) 12 (23.5%)

3-5 (moderate)
6-8 (strong)
total

30 (58.8%)
16 (31.4%)
51 (100%)

22 (43.1%)
17 (33.4%)
51 (100%)
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Figure 2: Mean labeling indexes (MLI %) for Ki-67 and standard deviation by patient.

African Health Sciences, Vol 21 Issue 1, March, 2021

43



44

Bl 7 NILD D

i

[ =

Figure 3: Mean labeling indexes (MLI %) for Cyclin D1 and standard deviation by patient.
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Figure 4: Coefficient of variation (COV%) of Ki-67 labeling index.
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Figure 5: Coefficient of variation (COV%) of Cyclin D1labeling index.

African Health Sciences, Vol 21 Issue 1, March, 2021



Discussion

The present study illustrates the existence of a het-
erogeneous distribution of Ki-67 and Cyclin D1 ex-
pression within and among invasive ductal carcinomas
(IDC) patients. The Ki-67 cut-off established by the St
Gallen International Expert Consensus during which
the majority of panelists voted that a threshold of = 20
% was indicative of high Ki-67 status'’. In our series,
the median Ki-67 and Cyclin D1 values were 32.65%
and 32.12% respectively, which means that the 51 tu-
mors studied had a great proliferative activity reflecting
the tumor aggressiveness of IDC.

Our study shows that 90.2% of tumors had a moder-
ate/strong Ki-67 expression, this is in accordance with
a previous study" which reported that 80.7% of cas-
es presented a high expression of Ki-67. As to Cyclin
D1, 76.5% show a moderate/strong expression. This
result is in accordance with this observed in previous
studies'™"” showing high proliferative activity of Cyclin
D1 in ER+ IDC and advocating including Cyclin D1 as
an independent prognostic factor to predict the risk of
mortality in ER+ IDC patients. This result can be also
explained by the positive regulation of ER by Cyclin
D1 in breast cancer cell lines where Cyclin D1 has been
shown to join directly and activate the estrogen recep-
tor alpha (ER)'. This finding has the potential to add
a crucial dimension to our understanding of mammary
carcinogenesis. Direct targeting of Cyclin D1 should be
included in therapeutic protocols. because It’s a prom-
ising pathway in view of the development of selective
treatment for patients and should increase the chances
of therapeutic success in these tumors.

Based on the evaluation of the COV to characterize
the intratumor heterogeneity of Ki-67 expression in
IDC, our data are consistent with the results of Sen-
hadji (2004)" who found fluctuating COV values be-
tween 1.94% and 35.9%. Similarly, for Cyclin D1, the
results found confirming intratumor heterogeneity, are
in line with those found in earlier study'’ which report-
ed that the staining intensity varied within the individual
tumor and from cell to cell within the same tumor. In
the present study, the dispersion estimated by the COV
is very high in some cases, 40.3% for the Ki-67 and
38.5% for Cyclin D1. This shows the great variability
in the distribution of labeling reflecting the heteroge-
neity of tumors studied. The intratumor heterogeneity
shown in this study has been also confirmed by other
researchers®?*. These findings recommend exploring
the whole tumor and not only a part of it, because intra-
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tumor heterogeneity can lead to underestimation of the
tumor genomics landscape portrayed from single tu-
mor-biopsy samples and may present major challenges
to personalized-medicine and biomarker development.

Conclusion

Our work is essentially a quantitative approach demon-
strating tumour heterogeneity by the markers Ki-67
and Cyclin D1 expression. We confirm that the two bi-
omarkers are expressed and distributed differently be-
tween microscopic fields within the same patient. This
finding demonstrates the presence of intratumor het-
erogeneity indicating that ER+ IDC is often a mixture
of multiple genotypically distinct cell populations. This
explains one of the main reasons for poor response to
oncological therapy® and thus it is important to inte-
grate intratumor heterogeneity into cancer care. How-
ever, this domain awaits future studies and application
of novel techniques like genomics and bioinformatics
for better understanding of the basic molecular and cel-
lular mechanisms that initiate and maintain this tumor
heterogeneity.

Acknowledgments

We would like to thank Dr. Miloud Bourouis, anato-
mopathologist for his valuable and constructive sugges-
tions. We acknowledge the help and technical assistance
of clinical and anatomic pathology service doctors of
the Regional Military University Hospital of Oran.

Conflict of interest disclosure

On behalf of the co-authors, we testify that the con-
tents of the manuscript entitled « Intratumoral dis-
tribution of Ki-67 and Cyclin D1 in ER+ mammary
carcinoma: Quantitative evaluation. », without conflict
of interest, have not been published and are not under
consideration for publication elsewhere. All authors ap-
prove its publication in your journal.

References

1. Martin PM, Romain S and Chinot O. Biologie des
cancers du sein a haut risque. In : Journée " Gynécol-
ogie" cancer du sein a haut risque. Ewurocancer 97, Jobhn
Libbey Enrotext Edit. 1997; 5-7.

2. Gerlinger M, Rowan AJ, Horswell S, Math M, Larkin
J, Endesfelder D et al. Intratumor Heterogeneity and
Branched Evolution Revealed by Multiregion Sequenc-
ing. N Eng/ | Med. 2012; 366:883-92.

3. Inwald EC, Klinkhammer-Schalke M, Hofstidter F,
Zeman F, Koller M, Gerstenhauer M et al. Ki-67 is a
prognostic parameter in breast cancer patients: results

45



of alarge population-based cohort of a cancer registry.
Breast Cancer Res Trear. 2013; 139:539-552.

4. Wang TC, Cardiff RD, Zukerberg L, Lees E, Arnold
A. and Schmidt EV. Mammary hyperplasia and carcino-
ma in MMTV-Cyclin D1 transgenic mice. Nature. 1994;
369(6482):669-671.

5. Prall OW, Rogan EM, Musgrove EA, Watts CK. and
Sutherland RL. C-Myc or Cyclin D1 mimics estrogen
effects on Cyclin E-Cdk2 activation and cell cycle reen-
try. Mo/ Cell Biol. 1998; 18(8):4499—4508.

6. Altucci L, Addeo R, Cicatiello L, Dauvois S, Parker
MG, Truss M et al. 17beta-Estradiol induces Cyclin D1
gene transcription, p36D1-p34cdk4 complex activation
and p105Rb phosphorylation during mitogenic stimu-
lation of G(1)-arrested human breast cancer cells. Onco-
gene. 1996; 12(11):2315-2324.

7. Molland ]G, Donnellan M, Janu NC, Carmalt HL,
Kennedy CW and Gillett DJ. Infiltrating lobular carci-
noma—a comparison of diagnosis, management and
outcome with infiltrating duct carcinoma. Breast. 2004;
13(5):389-396.

8. Reis-Filho ]S, Savage K, Lambros MB, James M,
Steele D, Jones RL et al. Cyclin D1 protein overexpres-
sion and CCND1 amplification in breast carcinomas:
an immunohistochemical and chromogenic in situ hy-
bridization analysis. Mod Pathol. 2006; 19(7):999-10009.
9. Ormandy CJ, Musgrove EA, Hui R, Daly R] and
Sutherland RL. Cyclin D1, EMS1 and 11q13 ampli-
fication in breast cancer. Breast Cancer Res Treatr. 2003;
78(3):323-335.

10. Allred DC, Harvey JM, Berardo M and Clark GM.
Prognostic and predictive factors in breast cancer
by immunohistochemical analysis. Mod Pathol. 1998;
11:155- 168.

11. Chapman Judith-Anne W, Wolman E, Wolman SR,
Remvikos Y, Shackney S, Axelrod DE, et al. Assessing
Genetic Markers of Tumour Progression in the Con-
text of Intratumour Heterogeneity. Cyfometry. 1998;
31:67-73

12. Howard V and Reed M. Unibased Stereology.
Three-dimensional measurement in microscopy. Mi-
croscopy handbooks 41. Bios Scientific Publisher, UK.
1998; 24-25.

13. Gundersen HJG. Notes on the estimation of the
numerical density of arbitrary profiles: the edge effect.
J Microse. 1977; 111:219-23.

46

14. Bustreo S, Osella-Abate S, Cassoni P, Donadio M,
Airoldi M, Pedani F et al. Optimal Ki-67 cut-off for
luminal breast cancer prognostic evaluation: a large case
series study with a long-term follow-up. Breast Cancer
Res Treat. 2016; 157:363-371.

15. Soyer Ph. Histopathologic and phenotypic fac-
tors of small breast cancer stemming from organized
screening. In: traitement personnalisé des cancers du
sein: impact sur la prise en charge locorégionale. 35es
journées de la SFSPM, Montpellier, 2013.

16. Elsheikh S, Green AR, Mohammed AA, Grainge M,
Paish CE, Lambros MBK et al. CCND1 amplification
and Cyclin D1 expression in breast cancer and their re-
lation with proteomic subgroups and patient outcome.
Breast Cancer Res Treat. 2008; 109(2):325-335.

17. Abd El Magsoud NMR and Aly MA. Significance of
Cyclin D1 overexpression and Amplification in Ductal
Hyperplasia, Carcinoma in situ and invasive Carcinoma
in BEgyptian Female Breast. International Journal of Cancer
Research. 20105 6 (4):202-219.

18. Gillett CE, Lee AH, Millis RR, Barnes DM: Cyclin
D1 and associated proteins in mammary ductalcarcino-
ma in situ and atypical ductal hyperplasia. | Pathol. 1998;
184:396-400 PubMed.

19. Senhadji R. Epidémiologie analytique du cancer
mammaire et évaluation quantitative de ’hétérogénéité
intratumorale par microscopie confocale et immu-
nomarquage multiple aux Ki-67, PCNA, C-erbB-2 et
PS2. These de Doctorat d’état: Université d’'Oran; Algérie.
2004; 1-211.

20. Arnerlov C, Emdin SO, Cajander S, Bengtsson NO,
Tavelin B. and Roos G. Intratumoral variations in DNA
ploidy and s-phase fraction in human breast cancer.
Analytical Cellular Pathology. 2001; 23:21-28.

21. Ellsworth RE, Toro AL, Blackburn HL, Decewicz
A, Deyarmin B, Mamula KA et al. Molecular heteroge-
neity in primary breast carcinomas and axillary lymph
node metastases assessed by genomic fingerprinting
analysis. Cancer Growth Metastasss. 2015; 15-24.

22. Britten RA, Evans A, Allalunis-Turner MJ, Franko
AJ and Pearcey RG. Intratumoral heterogeneity as a
confounding factor in clonogenic assays for tumour

radioresponsiveness. Radiology and  Oncology.  1996;

39(2):145-53.

African Health Sciences, Vol 21 Issue 1, March, 2021



