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ABSTRACT

Currently, the most informative, accessible and common method for evaluating the level
of cell proliferative activity is identification and quantification of Ki-67 protein as a universal
proliferation biomarker. The Ki-67 antigen is a component of the nuclear matrix, and nuclear
core localization changes are observed during the cell cycle. Ki-67 protein is mainly associated
with the chromosomes and belongs to the family of perichromonucleic proteins that surround
chromosomes during mitosis. Ki-67 is characterized as a large nuclear protein based on cloning
and sequencing a cDNA library. It is subjected to conformational changes during the cell cycle.
Ki-67 also undergoes post-translational modifications by phosphorylation, accompanied by
redistribution from the nucleoplasm into the perichromosomal layer and back during mitosis.
Accordingly, Ki-67 is a widely used biomarker for cancer cells, including for pathological
diagnosis and monitoring treatment responses. In particular, determination of the expression
level of Ki-67 plays an important role in distinguishing the molecular subtypes of breast cancer
and is one of the main criteria for determining the appropriate scheme of chemotherapy.
However, there is currently no standardization of evaluation methods for predicting the disease
outcome and effectiveness of chemotherapy. Researchers have reported the high variability in
the Ki-67 index between different laboratories, depending on the choice of primary antibodies,
methods for conducting immunohistochemistry, and methods for quantifying expression.

The most appropriate threshold values of Ki-67 expression for clinical monitoring are
continuously debated, and determination of a single cut-off point of Ki-67 was shown to
not appropriately reflect the heterogeneous biology of the disease. In accordance with the
latest recommendations of the St. Gallen conference of 2015, low, medium, and high Ki-67
thresholds were identified to achieve a better response to therapy. Here, we discuss the structure
and function of the protein, as well as progress toward achieving a standardized determination
method of Ki-67.
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INTRODUCTION

In modern oncomorphology, criteria for verifi-
cation of histological and biological transformation
degree of cells with maximum objectivity are con-
stantly being searched. The particular attention of
the researchers is attracted by the study of cell prolif-
eration as a fundamental biological process, as well

as a specific property of a transformed cells popula-
tion that determines the course of malignant disease.
Proliferative activity (PA) is a leading factor in

the mechanism of malignant cell transformation and
in the biological behavior of already arisen tumors.
Changing the process of proliferation is a fundamen-
tal process in carcinogenesis, which determines the
clinical course and prognosis of the disease. This is
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one of the most important characteristics of the tumor
phenotype, which largely determines the growth rate
of the neoplasm, the risk of metastasis, the potential
response to remedial measures and the outcome of
the cancer. Many factors affecting the course and out-
come of oncological diseases are mediated through a
change in proliferative activity [1,2].

One of the key concepts of PA that researchers
operate is the cell cycle, which also called mitotic or
proliferative cycle. At present, the most convenient
designation of cell cycle is the interval between the
completion of mitosis in the original cell and that in
its daughter cell.

The most informative, accessible and common
method for evaluation of the cell proliferative activ-
ity level is the identification of a universal biomark-
er - Ki-67. This antigen was described for the first
time by Gerdes et al. in 1983 as the main part of the
nuclear matrix associated with the chromosomes
in the mitotic phase [3]. The detected protein was
named after the University of Kiel (Kiel) and by the
new clone Ne67 of isolated monoclonal antibodies
(mAD). Studies on the interaction of this mAb with
normal tissue cells, mitogen-stimulated lymphocytes
of peripheral blood and cells induced to differentiate
showed that the Ki-67 antigen is expressed in prolif-
erating, but not in resting cells.

Morphological studies of proliferating cells have
shown that the Ki-67 antigen is a component of the
nuclear matrix, and changes in its intranuclear lo-
calization are observed during the cell cycle. Ki-67
protein is detected in proliferating cells in all active
phases of the cell cycle - G1, S, G2, M. The intracel-
lular localization and distribution of Ki-67 varies
with the transition from one phase of the cell cycle to
another. Ki-67 was found in the nucleoli in the mid-
dle of the G1 phase. In subsequent S- and G2-phases
Ki-67 protein was determined in both, the nucleoli
and the karyoplasm. After the nuclear membrane is
disintegrated (in mitosis phase), the distribution has
a diffuse character and repeats of the condensed chro-
matin pattern. In metaphase, protein is detected on
the surface of individual chromosomes in the form of
granules. The protein is not detected at the GO point
of the cell cycle, nor at the first phase of the cell cycle
at the beginning of G1. The amount of Ki-67 antigen
steadily increases from the middle of the G1 phase to
the M phase, reaching a maximum during the meta-
phase of mitosis. The amount of Ki-67 in cells begins
to decrease rapidly in anaphase and telophase of mi-
tosis [4-6].
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The appearance of Ki-67 coincides with the en-
try of the cell in mitosis, which allows it to be used as
a universal marker of proliferation in the evaluation
of malignant tumors. The immunohistochemically
positive reaction to Ki-67 shows that the cell is in the
interval state from the late G1 phase to the M phase.
Ki-67 is expressed in the cell nucleus during the G1,
S, G2 and M phases of the cell cycle, but not in GO.
Upon transition of the cell after mitosis to the GO
phase, the Ki-67 antigen rapidly undergoes catabo-
lism and ceases to be detected in the nuclei of inter-
phase cells [4-8]. However, it was shown that Ki-67
protein is not detected only in actively proliferating
cells, but also in cells where the p53 and p21 is over-
expressed, which causes the blocking of replication
or DNA damage [5].

The half-life of Ki-67 protein from 60 to 90 min-
utes, allow researchers to assume that its synthesis
and disintegration are under very precise control. An
increase in the amount of Ki-67 protein in cells is as-
sociated with its well-regulated de novo synthesis and
an efficient degradation process [4-8]. Thus, the Ki-67
protein is mainly associated with detected chromo-
somes in the telomere and centromere regions and
belongs to the family of perichromonucleic proteins
surrounding chromosomes during mitosis.

The Ki-67 antigen is presumably attributed to
regulatory proteins since its appearance coincides
with the moment when the cell enters to the mitotic
cycle. It was shown that microinjection of antibodies
to Ki-67 leads to a decrease in cell proliferative activ-
ity. Ki-67 antigen is a short-living protein, which col-
lapses within 1,5-2 hours. Since it does not have time
to accumulate and does not remain in dormant cells,
antibodies to Ki-67 recognize only dividing cells. It
is very labile and gets destroyed within 1,5-2 hours
in the presence of proteases, which makes it difficult
to study. Therefore, connection with proteins regu-
lating the cell cycle is poorly understood and is not
clearly defined [4-8].

Recent studies have shown that Ki-67 protein
performs a number of functions during mitosis, but
the specific role in the process of cell division is still
unknown. In particular, Ki-67 is responsible for the
attachment of chromosomes to the nuclear mem-
brane in mitosis prophase (in case of its deficien-
cy, chromosomes condense into separate bodies).
In addition, Ki-67 protein prevents chromosomes
from sticking together into a single chromatin mass
after the dissolution of the nuclear membrane, thus
ensuring the independent movement of each chro-
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mosome and its precise interaction with the spindle
of division. With a lack of Ki-67, the formation of
metaphase plates is disturbed, and the cells almost
never enter into anaphase. However, it should be
noted that even though chromosomes form a single
conglomerate with the lack of Ki-67, their internal
structure remains intact [4-6,9]. Although Ki-67 is
not a part of the internal structure of mitotic chro-
mosomes, and its deficiency leads to defects in the
assembly of nucleolus after mitosis and the disrup-
tion of interphase heterochromatin [5,10]. In case of
Ki-67 overexpression, the ectopic regions, contain-
ing heterochromatin are formed in the human cells.
The Ki-67 protein is not only involved in the forma-
tion of heterochromatin, but also in the ribosome
biogenesis and in the synthesis of rRNA [4-6,9,10].

The structure and functions of the Ki-67 protein
The gene encoding Ki-67 protein (MKI67) is

located at the 25th locus of the long arm of chromo-
some 10 (10q25-ter), and the expression of this gene
is absolutely necessary for the implementation of cell
proliferation. By cloning and sequencing a cDNA li-
brary, Ki-67 protein is characterized as a large nu-
clear protein, subject to pronounced conformational
changes during the cell cycle. The nuclear antigen
Ki-67 is a dimeric molecule and is a nonhistone pro-
tein that exists in two isoforms - with a molecular
mass of 395 kD (consists of 3256 amino acids) and
345 kD (consists of 2896 amino acids).

Schluter et al. (1993) determined the full length
of nucleotide and amino acid sequences of the Ki-67
protein [11] for the first time. The entire Ki-67 gene
locus is represented by 29965 base pairs located in the
long arm of the chromosome 10 (10q25-ter). In figure
1 shown that this gene consists of 15 exons (from 67
to 6845 base pair) and 14 introns (from 87 to 3569
base pairs).

MKI67

2xon

12 3 4 ] 6 7 91011

coding
12 13

14 15

Exons Length Coding/ UTR
1 106 UTR

2 181 UTR/ 92
3 79 79

4 116 116

5 67 67

6 46 46

7 1080 1080

8 176 176

9 313 313

10 119 119

11 172 172

12 156 156

13 6845 6845
14 444 444

15 2597 66/ UTR

Fig. 1. Gene structure of Ki-67 biomarker [12]

Two isoforms of the Ki-67 protein with a mass of
345 and 395 kDa originate from alternative splicing,

these isoforms differ from each other by the presence or
absence of the fragment encoded by exon 7 (figure 2).
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Fig. 2. mRNA and protein structure elements of Ki-67 [12].

The phosphopeptide-binding FHA (Forkhead
- assocoated) domain and binding site for protein
phosphatase I (PP1) are located on the N-terminus
of the Ki-67 protein. This is followed by a conserva-
tive domain (CD domain) of 31-amino acids with an
unknown function and a Ki-67 domain consisting of
16 repeats. The C-terminus of the Ki-67 is enriched
with pairs of leucine and arginine residues (LR-do-
main). Ki-67 has an amphiphilic structure: its short
C-terminus has affinity to chromatin, and the long
N-terminus, in turn, repels itself from chromatin
and has an affinity to cytoplasm [6,13-15]. The main
structural feature of the Ki-67 protein is the presence
within the largest 13 exons (6845 base pairs) of mul-
tiple repetitive elements (14 in mice, 16 in humans),
consisting of 122 amino acids in length with 43-62%
homology. Within these “Ki-67 repeats”, there is a
highly conservative 22 amino acid region known as
the “Ki-67 Motif” with 90-100% identity.

Despite the fact that the primary structure of the
Ki-67 antigen is currently studied well, the function
of this protein is still unclear. This is due to the fact
that Ki-67 protein has a high molecular weight and
high sensitivity to the action of proteases, and there
are no homologous proteins with a known function.

Ki-67 has a number of structures similar to pro-
teins involved in the regulation of the cell cycle. Such
structures include potential phosphorylation sites for
various kinases (143 sites for protein kinase C, 89 sites
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for casein kinase II, 2 sites for tyrosine kinase, pro-
line-glutamine-serine-threonine (PEST) -sequence
(available in many short-lived regulatory proteins),
domain for binding with the replication fork - ATP/
GTP binding site motif A-P loop [4-6,11-15].
Currently, there is no consensus on the role of
Ki-67 protein during the cell cycle. Two main hy-
potheses were put forward regarding the role of Ki-
67: the first is that it is a protein-regulator of the cell
cycle, the second is that it is a DNA-associated pro-
tein necessary for the organization of DNA structure.
Numerous experiments have convincingly shown
that Ki-67 is vital in cell mitosis, and that when it is
neutralized, cell mitosis stops [5-8]. It is known that
cell does not enter into mitosis in case of repression
of the gene transcription encoding Ki-67. In a num-
ber of works in recent years, some functions of Ki-67
have been proposed and justified. Takagi et al. de-
scribed the structural function of Ki-67, according
to which it externally supports the shape of chromo-
somes during mitosis [16]. While another group of
researchers justified the functioning of Ki67 protein
as a “surfactant” that prevents condensed chromo-
somes from sticking during mitosis [10]. This speaks
in favor of the fact that Ki-67 forms a steric and
electrostatic barrier preventing chromosomes from
“sticking” together. In confirmation of this, high
density of Ki-67 was found on chromosome surfaces
using fluorescence spectroscopy, and when applying
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a double tag on both ends of the Ki67 protein, an
extended brush-like molecular conformation was
detected as a characteristic of polymer surfactants. It
has been shown that Ki-67 undergoes post-transla-
tional modifications by phosphorylation, accompa-
nied by a marked redistribution of Ki-67 from the
nucleoplasm into the perichromosomal layer and
back during mitosis [4-10]. Ki-67 becomes function-
ally active as a result of changes in chemical char-
acteristics due to its phosphorylation. The change
in phosphorylation status determines the ability of
Ki-67 to bind with many intracellular components.
Massive phosphorylation of Ki-67 occurs when a
cell transitions from G2 to the M phase. Ki-67 phos-
phorylation and dephosphorylation is controlled
by key regulatory mechanisms of the cell cycle and
takes place during the two main events of cell divi-
sion: disintegration and reorganization of the nucle-
us during mitosis [17-19]. Ki-67 is a direct substrate
of cyclin-dependent kinase 1 (CDK-1) [18].

A significant amount of data was obtained in ex-
periments on cell cultures to understand the physio-
logical role of Ki-67. A wide range of proteins, which
Ki-67 can interact with, were identified as a result
of the research. These include ribosomal proteins,
DNA helicases, regulatory proteins, various signal-
ing molecules [9,10,19].

Standardization and validation of the
determination method for the expression of Ki-67

Determination of KI67 expression based on
immunohistochemical analysis (IHC) is one of the
most reliable indicators of the proliferative activity
of tumor cells in breast cancer (BC). Determination
of the expression level of Ki-67 plays an important
role in the differentiation of the molecular subtypes
of breast cancer and is one of the criteria for deter-
mining the scheme of chemotherapy [20-23].

Increased expression of Ki-67 is associated with
a poor prognosis of breast cancer treatment and it
is closely related to growth and invasion. In normal
breast tissue, the expression level of Ki-67 is very
low. Ki-67 positive cases are more active in relation
to growth, more aggressive in terms of invasion and
are characterized by more pronounced metastasis.
The high expression level of Ki-67 is associated with
the recurrence rate and low overall survival of pa-
tients. Despite all the differences in the selection cri-
teria, the design of the study, and the methodologies
for measuring the threshold values of the Ki-67 level,
the statistical significance and reliability of evalua-

tion results are confirmed by a single-factor and a
multifactorial analysis [24-27].

In 2009, at the conference on breast cancer in St.
Gallen, Ki-67 was recommended as a biomarker for
the prognosis and sensitivity of tumor cells to hor-
monal or chemotherapy [28]. However, despite the
large number of studies conducted in the study of
KI-67, today there is the problem of standardization
of assessment methods that are necessary for the
integration of biomarker in a long-term prediction
of the outcome of the disease and the effectiveness
of chemotherapy. To standardize the approaches in
assessing the index of proliferative activity (IPA)
for Ki-67 in patients with breast tumors, an inter-
national group was established in March 2010 [29].
The purpose of the working group was to define a
general strategy for harmonization of methodolog-
ical approaches to the unified assessment of IPA for
Ki-67. In 2011, the Working Group published the
guidelines on the validation of the pre-analytical and
analytical stages of Ki-67 determination. The Guide
also provided recommendations for the standard-
ization of the post-analytical stage - evaluation, data
analysis and interpretation of the results.

According to recommendations, the study of
the expression of Ki-67 should necessarily be carried
out on a surgical material, even if an immunohisto-
chemical study of the biopsy material was performed
before the start of the treatment. The results of the
study may vary significantly for the biopsy and sur-
gical material, especially in cases of heterogeneous
staining of the tumor. To obtain reliable results,
standardization of all stages of sample preparation
is necessary: sample type, time from sampling to
fixation, fixation type, fixation duration, material
wiring, microtomy, storage of finished blocks and
sections. A particular characteristic of the detection
of the Ki-67 antigen is the need of an additional pro-
cedure of the thermal “unmasking” of antigen. The
optimal results can be obtained when following the
exact recommendation requirements of the protocol
for immunohistochemical determination of Ki-67.
Although Ki67 is tolerant to a variety of epitope ex-
traction protocols, the action of protease and low pH
should be avoided [4,6,11,13, 14,29].

The correct choice of the main immunoreagent,
specific monoclonal antibodies, is extremely import-
ant during the analytical stage of detection. The reli-
ability of the detection system of the obtained results
is influenced by the sensitivity and specificity of pri-
mary antibodies. The antibodies used must be clini-
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cally validated, the test results must correlate with the
outcome and prognosis of the disease. Concordance
levels (coincidence of results) of the obtained results
should be at least 90% and 95% for positive and neg-
ative results, respectively, compared to clinically vali-
dated methods for assessing Ki-67 expression.

MAD for Ki-67 protein was obtained for the first
time by immunizing mice with an unpurified nucle-
ar fraction of 1428 cell line derived from the Hod-
gkin's lymphoma [3]. Ki-67 mAb detected two bands
with a molecular mass of 345 kDa and 395 kDa on
immunoblots. However, the original antibody Ki-67
was applicable for IHC only in fresh frozen material.
The previously widely used mAb of the clone Ki-67
are rarely used, since they reveal an epitope of the
antigen that is not resistant to formaldehyde fixation
[4,11,13,30]. This problem was solved by obtaining
monoclonal antibodies of the MIB series (Molecular
Immunology Borstel) against the recombinant frag-
ment of the Ki-67 protein [31]. After the develop-
ment of the heat-induced epitope technique, mouse
monoclonal antibodies were tested with reliable and
reproducible results in formalin-fixed paraffin sec-
tions. It should be noted that MIB-1 has the ability to
detect an immunodominant epitope, the Ki-67 mo-
tif, unique to the Ki-67 protein (providing specifici-
ty), which is repeated 16 times in the protein (sensi-
tivity increase) [32,33]. Therefore, an advantageous
property of MIB-1 as an immunoreagent for IHC is
in its constant and much better diagnostic efficacy.

Currently, various specific monoclonal and
polyclonal antibodies to the recombinant peptide
of Ki-67 antigen are being produced, which secrete
proliferating cells that are in different phases of
the cell cycle. Therefore, it is possible that different
equivalents of Ki-67 antibodies recognize different
epitopes that are expressed in different phases. For
example, rabbit monoclonal antibody SP6 to Ki-67,
which recognizes a similar Ki-67 epitope as MIB-1
in IHC [34], was successfully used. Ki-67 has only
one test system based on 30-9 rabbit monoclonal
antibodies (FDA approved 510k) for routine clinical
diagnostics manufactured by Ventana Medical Sys-
tems (Tucson, Arizona, USA), ready for use without
preliminary reaction conditions [36]. Although the
list of known antibodies for immunohistochemical
detection of Ki-67 is quite impressive, even the most
frequently used MIB-1 has not yet been confirmed.
Considering the long and proven track record of
MIB1 monoclonal antibodies, it is considered as the
“gold standard”
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Researchers have reported high Ki-67 index
variability between different laboratories, depending
on the choice of primary antibodies, the immuno-
histochemichal method and the expression counting
methods. The choice of Ki-67 antibody to use has a
great effect on its index values. The significant differ-
ences in the detection rates between Ki-67 antibod-
ies were found, despite the fact that identical micro-
scopic fields were evaluated [36,37]. Scientists from
the NordiQC group over the past years (2001-2016)
have conducted research on the results of immuno-
histochemical (IHC) analysis of the proliferation
marker Ki-67. 409 laboratories were involved in the
last test. As a result of the test, the clones of monoclo-
nal antibodies BS4, GM001, K2, MIB-1, UMAB107,
30-9 and SP6 were recommended for evaluation of
Ki-67 expression. The Ventana system, based on the
rmAD clone 30-9, was the most widely used analysis
in this assessment and provided 99% optimal esti-
mates. The Dako system, based on the use of MIB-1
mADb, showed 91% of positive ratings [37].

The most frequent reason for the variability of
the results of immunohistochemical detection of Ki-
67 is the different interpretation of evaluation crite-
ria. The introduction of a quantitative assessment in-
stead of the traditionally adopted semi-quantitative
scoring system (Allred) is a critical step in method
application. The introduction of the Ki-67 IPA with
the mandatory assessment of the percentage of pos-
itively stained cells in the daily practice of the ana-
tomical department is associated with the problem
of reproducibility of the quantitative assessment of
IPA. The proliferative activity of the tumor is esti-
mated as the percentage of Ki-67 positive cells from
the total number of tumor cells with nuclear stain-
ing. Quantifying the expression level of the prolifer-
ation marker Ki-67 involves counting the proportion
of stained nuclei among the nuclei of all tumor cells
when counting at least 500 tumor cells, and the visu-
al fields for counting are selected based on the high-
est mitotic activity.

Repeated attempts to standardize the method-
ological and technological approaches of assessing
the proliferative activity of a tumor in clinical prac-
tice and the poor reproducibility of this feature in
large studies with a sufficient number of participat-
ing laboratories have always led to the conclusion
that it is necessary to validate the Ki-67 index in
clinical studies [38-42]. Thus, the index of prolifer-
ative activity (IPA), defined as the percentage of Ki-
67 positive tumor cells, is an important marker in
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the diagnostics of breast cancer, because it is used
to distinguish between luminal A-like (prognosti-
cally favorable) and luminal B-like (prognostically
unfavorable) subtypes [20-23]. The threshold for the
proportion of Ki-67-positive tumor cells, separating
cases of breast cancer with high and low levels of
proliferation, has changed over time. The threshold
level of separation of IPA between these two groups
is considered to be 14%, where the luminal type A
and B contain less or more than 14% of Ki-67-posi-
tive cells, respectively. It was later on accepted by the
consensus of St. Gallen in 2011 for the use in rou-
tine clinical diagnostics [29] and underwent some
changes at the conference in St. Gallen in 2013. A
level of 220% to determine the luminal B-like sub-
type [39] was accepted by the most experts. In accor-
dance with the latest recommendations of the con-
ciliation conference in St. Gallen 2015, the assessed
expression level of Ki-67 in 10% of tumor cells and
less is determined as low, more than 10% and less
than 30% is intermediate, 30% and more is high. At
the same time, a threshold value of 20% of stained
tumor cells remains recommended for diagnostics.
It also states that using of Ki-67 requires knowledge
of local laboratory parameters and the minimum Ki-
67 value required for the “luminal B-like” subtype
was 20 — 29% for the most of the panel. About one-
fifth of researchers stated that Ki-67 should not be
used for this distinction [43].

Threshold levels are constantly under active dis-
cussion. Although the latest recommendations of
ASCO (American Society of Clinical Oncology) also
set a threshold of 20%, some authors continue to use
a threshold value of 14%, believing that it better re-
flects the prognosis of the tumor and the response to
therapy [44-46]. As part of a meta-analysis of Gepar
Trio analyzing breast cancer samples and the out-
come of the disease, it was shown that the definition
of a single cut-off point Ki-67 does not reflect the
heterogeneous biology of the disease. Instead, low,
medium and high thresholds should be defined to
achieve a better response to therapy [47]. Thus, the
main problems in determining the expression level
of Ki-67 are the adequacy of the IHC-study, and the
correctness of the chosen method of calculation (ob-
jectivity, standard, reproducibility).

A number of professional communities, such as
the European Society of Pathology (European Soci-
ety of Pathology — ESP) and some guidelines rec-
ommend re-evaluating the Ki-67 index with the par-
ticipation of a second expert opinion or using digital

analysis of histological scans if the IPA is in the range
of 10 to 35%, the so-called gray zone [44-46]. Expert
Panel Galen recommends that the researcher, when
assessing Ki-67 for staining, focuses on the IPA me-
dian in the laboratory in order to increase reproduc-
ibility between researchers. Therefore, standardiza-
tion of measurement of this indicator, regardless of
the qualification of the pathologist and the level of
the morphological laboratory, is necessary in ther-
apeutic tactics. In connection with the develop-
ment of digital imaging methods in morphology,
new methods are proposed for evaluating IPA using
digital image analysis (DIA) of scans of histological
specimens. It is assumed that the automatic analysis
of the Ki-67 index is a method that can replace the
visual assessment of the IPA and improve the accura-
cy and reproducibility of the assessment. At the same
time, the use of methods for the automatic analysis
of drugs will reduce the time and the influence of
human factor in the study of biopsy material [48].

Thus, the level of cell proliferative activity based
on the detection of the Ki-67 biomarker can be used
for morphological assessment of neoplasm malignan-
cy degree as an additional criterion for diagnosing the
tumor, and also as a predictor of the treatment effi-
ciency.

CONCLUSION

One of the most important characteristics of
malignant neoplasm is their growth potential. In this
case disturbance of tumor cell proliferation mecha-
nisms determines the aggressiveness and malignan-
cy of the malignancy process. Uncontrolled prolif-
eration in a tumor can be detected in several ways.
For example, by counting figures of mitosis in tumor
cells, including labeled nucleotides in DNA, followed
by evaluation in a flow cytometer. In routine clinical
practice, the most widely used practice is the study of
cell proliferative activity, which is determined by the
immunohistochemical method based on the nuclear
antigen, Ki-67 protein. This protein is an accurate and
optimal marker for the growth of the cell fraction, as it
is expressed in highly proliferating, but not in resting
cells. At present, the Ki-67 tumor marker is one of the
most popular biomarkers in oncology and prevalent
in the morphological assessment of the malignancy
degree of the neoplasm. It serves as an additional cri-
terion for diagnosing a tumor and as a predictor of
treatment effectiveness. In Kazakhstan immunobhis-
tochemical (IHC) studies are performed in order to
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individualize the treatment of oncological patients at
the laboratories level, including the assessment of cell
proliferative activity based on the biomarker detec-
tion Ki-67.

Since immunochemistry plays an increasingly
crucial role in oncology, scientists are trying to de-
velop standardized methods for determination of
Ki-67 protein level in normal and malignant cells.
Distinguishing cellular proliferation activity is a key
step in the treatment of cancer. Therefore obtaining
domestic IHC products that reliably identify the Ki-
67 biomarker will allow them to be used in clinical
practice for assessment of the proliferative activity
of tumor cells. The introduction of the development
will expand the range of domestic diagnostic tools.
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KI-67 BHOMAPKEPI JEHTEII HET'I3TH/IE
"KACYIIAJAPIBIH MPOJIM®EPALIMSICBIH BAFAJIAY

Kobuikpioaes A.A., Capuna H.U., Myn E.A., Eckenaiposa C.3.

¥ammulx buomexnonocusi opmaviesl
Kopzanscoin mac sconwi, 13/5, Hyp-Cynman, 010000, Kazaxcman
saule e@mail.ru

TYUIH

Kasipri yakpITTa sKacymianblH npoJudepaTuBTi OesiceHAIIIK [eHreilin OaraJjiayiblH €H
aKNnaparThiK, KOJKeTIM/II skoHe KeH TapaJraH yici — Ki-67 om0edan OnomMmapkep aKybI3bIH AHBIKTAY
0o0ubIn Ta0bLIaABI. Ki-67 aHTHUTeHI - AAPOIBIK MATPULAHBIH KYpPaMaac 00J1iri 001611 TA0bLIA/IbI JKIHE
JKacylma mMUKJi Ke3iHJe OHbIH ilKi siAPoJbIK oKumIayaaHy e3repictepi 6aiikanaabl. Ki-67 akybI3bl
Heri3iHeH XpoMocoMajapMeH OailJIaHBICAAbI KOHEe MHUTO3 Ke3iHJAe XpoMocoMasiapibl KOPIIAWTHIH
NepUXPOMOHYKJIEHHI aKybI3aap TypiHe kaTaabl. Ki-67 akybI3bl YiKeH siAPOJIBIK aKybI3 peTiHae
cDNA kiTanxaHacblH KJIOHAAY KOHe »Kyiejey apKblLibl cunarrajabl. OJ skacyma HUKJIL Ke3iHae
KoHpopManUsIIBIK 63repicTepre ymbipaiiabl. Ki-67 akybI3bl MHTO3 Ke3iHAe HYKJIeOIIa3MaaaH
NMepPUXpPOMOCOMANIBIK Ka0aTKa 3KoHe Kepi Kapaii Ko3rajiaymeH Oipre d¢ocdopiaHy apKblibl
NOCTTPAHCASANUSVIBIK MOAU(PUKALUAIAH 6Tei.

AypyablH HITH:KeCIH 3KOHEe XMMHUOTEPANMSIHbIH THIMAUINiH Oo/kayra KaxeTTi OaraJay
dlicTepiH craHaaprTay Mocesesepi O0ap. 3eprreymijiep OipiHmilik aHTHAeHejepai TaHjaayaa,
HMMYHOTHCTOXMMHUSAJIBIK 3ePTTeyJepai sKypridy ajicTepinie sKoHe IKCIPeCCUsIHbI ecenTey KOJIbIHA
OaillaHBICTBI JPTYPJi 3epTxaHajnap apacbiHaarbl Ki-67 e3reprimutirinin sKorapbl HHAEKCIH
xabapJaabl.

Ki-67 3xcnpeccusicbIHbIH IeHTeiliH AHBIKTAY CYT 0e3i iciriHiH MoJIeKyIaJIbIK TYPJIePiH askpIpaTyaa
MaHBbI3IbI POJI aTKAapaabl KOHEe XMMHOTEpPanus ChI30achblH AHBIKTAWTHIH KpHUTepHilaepaiH Oipi
ooabin TaObLIaabl. IllexTi MoHAep AeHreisepi yHemi OesceHai TanaxkbuLiayna xoHe Ki-67 mexri
KeCiH/li HYKTeCiH aHbIKTAay aypy/AbIH reTeporeH/1i 0MoJIoOrusicblHA COliKeC KeJIMeHTIHAIri KepceTiireH.
Cenr-T'asien koHGepeHIMACHIHBIH 2015 KBIFBI COHFBI YCHIHBICTAPBIHA CIMKeC, TEPANUAFA KAKCHI
skayan Oepy YIIiH TOMeHTri, oprama skoHe korapsbl Ki-67 meri anbikranaasl. OcblFad opaii MmakaJjaga
aKybI3bIH KYPbUIBIMBI MeH KbI3MeTi, coHbIMeH Karap Ki-67 cranpaprrajnraH aHbIKTay Jjici
TAJKbLIAHABI.

Herisri ce3nep: Ki-67 Oumomapkepi, xkacymajapabiH mnpoJudepauuscsbl, npoaudepaTuBTi
OesiceHaiiK, cyT Oe3iHiH KaTepJi iciri, aKybI3AbIH IKCIPECCUSIChI, HMMYH/ABITHCTOXUMHUS
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OIIEHKA KJIETOYHOM ITPOTN®EPATININ
HA OCHOBE YPOBHS BMOMAPKEPA Ki-67

Kouikuobaes A.A., Capuna H.U., Myn E.A., Eckenaupona C.3.

HayuonanvHolii ueHmp 6uomexHonozuu
Kypeanvxcuncxoe wiocce, 13/5, Hyp-Cynman, 010000, Kazaxcman
saule_e@mail.ru

ABCTPAKT

Ha cerogHANIHMII feHb CaMbIM MH(OPMATUBHBIM, JOCTYIHBIM U PAaCIpOCTPAHEHHBIM METOAOM
OIleHKM YPOBH:A NponudepaTnBHON aKTMBHOCTU KIETOK SABIAETCA BBIABIEHNME YHUBEPCATBHOTO
6momapkepa - 6enka Ki-67. Anturen Ki-67 siBnseTCs KOMIIOHEHTOM SJIEPHOTO MAaTPUKCA, IIPU ITOM,
B TeUYeHVe KIeTOYHOTO IVK/Ia Ha0O/IIoaloTCA M3MEHEHNS ero BHYTPUAAEepHOIl mokanusannu. bemrok
Ki-67 B OCHOBHOM CBs3aH C XpPOMOCOMaMM M OTHOCUTCA K CeMelCTBY HNepUXPOMOHYKIENHOBBIX
IPOTEMHOB, OKPY>KAIOIIMX XpPOMOCOMbI B TedeHuMe Murosa. IlyreM KIOHMpOBaHMA U
cekBeHuposanu:a 6mb6morexkn k[IHK 6enok Ki-67 xapakTepusyercs Kak KpyIHBII AlepHbIii 6€0K,
IIOIBEPI)KEHHBII BBIPa)KEHHBIM KOH(OPMAIMOHHBIM W3MEHEHUSAM B TeYeHMe KIeTOYHOIro IIMKIIA.
Benox Ki-67 mperepmeBaeT NMOCTTpaHCIALUOHHBbIe Mogudukanuu nyreMm ¢ocdopunupoBanus,
CONpOBOKAaoINecs 3aMeTHbIM TepepacnpeneneHueM Ki-67 13 HykneonaasMbl BIIepUXpOMOCOMHBIN
C7I0¥i M 0OPATHO B TeYeHNE MUTO3A.

CymecTByeT nmpo6nemMa CTaHAAPTU3ALUM METOJZOB OII€HKM, HEOOXOAVMBIX J/IA MHTErpanyu
O0moMapkepa B NpOrHosupoBaHme mucxoma 3aboneBaHusa M 3¢PPEeKTUBHOCTM XMMHOTEPANNU.
VccnepoBatenn coo6maT O BBICOKON BapuabenbHocTH uHAeKca Ki-67 Mexpy pasnmumyHbIMH
naboparopusAMYu, 3aBHUCAIIENl OT BbIOOPa TEPBUMYHBIX AHTHUTENT, METOAUKU IPOBEJEeHU
MMMYHOTUCTOXVIMMYECKOTO MCCIEJOBAHNS M CIIOCO00B MO cYeTa IKCIPeCCU.

Onpepenenne ypoBHs skcnpeccuu Ki-67 urpaer BaxKHYIO po/ib B pasTpaHNYeHIN MOTTEKYTPHbBIX
NOATUIIOB paKa MOJIOYHONM >Kelne3bl M  ABAAETCA ONHMM N3 KpUTepUeB ONpefeeHUusA CXeMbl
xummnorepanuu. O6 ypoBHAX NOPOTrOBOro 3HAYEHUA MOCTOSIHHO BeAyTCA aKTMBHBIE JVICKYCCUU M
II0Ka3aHO, YTO ONpefie/ieHNe OMHON TOUKM oTcedeHns Ki-67 He oTpaikaeT rereporeHHyr 0M10/IOruio
3a6omeBaHuA. B cooTBeTCTBMNI ¢ MOCTEAHUMHI PEeKOMEHIAIMAMYU COITACUTENIbHOV KOHpepeHIumn
St. Gallen 2015 ropma onpeneneHbl HUSKNIT, CPeHUI ¥ BBICOKNIT MOporopble 3HaYeHuA Ki-67 mua
BOCTVM KEHNA TyYlIero OTBeTa Ha Tepannio.

KnroueBbie cnoBa: 6momapkep Ki-67, knerounas nponmndepanus, npomndeparnBHas
aKTMBHOCTD, PaK MOTTOYHOJ JKe/Ie3bl, IKCIpeccus 6enKka, MIMMYHOIICTOXUMUA.
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