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Apoptotic Pathways,
Cell Cycle Regulation and
Cancer Progression: Review

Apopitotik Yolaklar,
Hiicre Donglisiinlin Diizenlenmesi ve
Kanser Progresyonu

ABSTRACT The mechanisms of tumor cell survival are regulated by overcoming cell cycle check-
points and immunological responses. These mechanisms are main part of uncontrolled local tu-
mour growth and tumour progression.The exact course and succession of the mechanisms allowing
the tumor cells to survive and remain undisturbed, as well as to proliferate and to produce metas-
tases are not exactly clear yet. In the cases of the so called endogen tumour escape, the elimination
of the reparative systems, which directly participate in the induction of the cellular block is of pri-
mordial importance. The additional suppression of the apoptosis at cellular level and its activation
in the cell of the immune system create the conditions of unblocked proliferation of the tumor
cells. The interactions between proliferating tumour cells, HLA-I system and NK-receptors are
probably at the origin of the so called exogenous form of tumour escape. The final result of these
interactions consists of the impossibility of the early elimination of the tumor. The disturbances of
cell proliferation, differentiation and apoptosis are based on specific and incompletely characterized
signal-transduction pathways within the tumor cells and between them and the immune system.
In the near future more detailed investigations and characterizations of the mechanisms involved
are required to describe better the tumor behavior and to prepare more reliable prognosis with the
purpose to suggest new therapeutic strategies.
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OZET Tiimor hiicresinin hayatta kalma mekanizmalar hiicre dongiisii kontrol noktalarinin agilmast
ve immunolojik yanitlarla diizenlenir. Bu mekanizmalar kontrolsiiz lokal tiimor biiyiimesi ve tiimor
progresyonunun ana bilesenleridir. Tiimér hiicrelerinin yagamalarina ve sarsilmadan kalmalarina,
ayni zamanda da ¢ogalmalarina ve metastaz yapmalarina yol agan bu mekanizmalardaki kesin siireg
ve silsile tam anlamiyla agik degildir. Endojen tiimoér kagisi (endogen tumour escape) olarak
adlandirilan durumlarda hiicresel blogun indiiksiyonuna direk olarak katilan onarim sistemlerindeki
eliminasyon 6ncelikli olarak 6nemlidir. Apopitozun hiicresel diizeyde ek olarak baskilanmas: ve
immun sistem hiicrelerinde ise aktiflenmesi tiimor hiicrelerinin kontrolsiiz ¢ogalmasi durumunu
yaratir. Cogalan tiimor hiicreleri, HLA-I sistemi ve NK-reseptorleri arasindaki etkilesimler timor
kagisinin eksojen formu olarak adlandirilan durumun baslangici olabilir. Bu etkilesimlerin en
6nemli sonucu tiimoriin erken eliminasyonunun imkansizligidir. Hiicre ¢ogalmasi, ayrimlagmas:
ve apopitozdaki bozukluk timor hiicreleri iginde ve birbirleri arasinda ve immun sistem ile
aralarinda bulunan spesifik ve tam anlamiyla aydinlatilamamis sinyal ileti yolaklar: temelindedir.
Yakin gelecekte s6z konusu mekanizmalarin ¢ok detayl arastirilmasi ve tanimlanmas: timor
davranmiginin daha iyi agiklanmas ve yeni tedavi stratejileri ile daha iyi prognoz elde edilmesi igin
gereklidir.

Anahtar Kelimeler: Hiicre dongiisii, Bax, p53, apoptoz, Bcl-2, Rb
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he tumor escape is the main obstacle, lea-

ding to progression of tumor growth and to

ineffectiveness of immunotherapy and che-
motherapy.'?

The concept of tumor escape can be connec-
ted with the so called mechanism exogenous tumor
escape-due to the escape of the tumor cells from
the immune response of the organism (by means of
different mechanisms), on one part, and on the ot-
her part-due to some disregulation in the proces-
ses of cell proliferation and apoptosis (endogenous
tumor escape), which lead to some advantages in
the selection of new tumor branches.*” Decreased
apoptosis in the tissue (non-immunlogic type of tu-
mor escape, endogenous form) could be accompa-
nied by increased apoptosis of lymphocytes in the
peripheral blood or by down or deficient regulati-
on of certain HLA-I molecules (immunologic or ex-
ogenous form of tumor escape).® According to other
authors, even the tumor itself is able to counterat-
tack the tumor-infiltrating lymphocytes and to eli-
minate them.”!° Perhaps the combination of both
forms of tumor escape better explains the processes
of cancer genesis.!'"** Although several in vitro re-
searches show the efficiency of congenital and ac-
quired immunity in the elimination of tumor cells,
in vivo, these tumors remain untouched in many
of the cases, by effector systems of the immune sys-
tem. The reasons of this phenomenon maybe must
be searched in the failure of immunity to overcome
the quickly proliferating tumor cells, in the pro-
duction of certain humoral factors derived from the
tumor (the ones which block the T- and/or B-me-
diated cell immunity), and in the dysfunction of
the T-cells, which may have a different gene-

sis. 141>

It is also possible, within the immune respon-
se, an injury of own cells of the organism to take
place by means of the so called antigen mimicry,
when tissue antigens, structurally analogous to tu-
mor cells are recognized by T- or B-cell immunity
as strangers and consequently, are attacked by
them.'®

The presence of killer immunglobuline recep-
tors (KIR) on the T-lymphocytes themselves and
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their indirect blocking by tumors, as well as the in-
herent property of the tumors to escape from the
programmed cell death-by autocrinouse secretion of
Fas L for instance, is at the root of the exogenous tu-

mor escape.”

The problem of how to solve the abovementi-
oned peculiarities is complex and includes a detai-
led study of the signal chains activating and
inactivating immunity, as well as some inhibiting
factors, which directly or indirectly, contribute to
the tumor escape.? The simultaneous determinati-
on of the causes of the uncontrolled cell prolifera-
tion too, and the impossibility to activate the
programmed cell death (apoptosis) additionally ma-
ke the interpretation of pathologic genetic concepts
more complicated.”

I CELL CYCLE REGULATION,
APOPTOSIS AND TUMOR ESCAPE

The disregulation or disorders arising within the li-
mits of the cell cycle which have not been removed
by means of the cell-proliferation modulators and
proapoptotic representatives of the Bcl-2 protein
family lead to persistence and selection of new tu-
mor branches which makes the malign transfor-
mation more potent (Figure 1, 2).%” This way,
conditions of independent and unhindered tumor
evolution are created.
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FIGURE 1: p53 and its role in the regulation of the cell-cycle “engine” [mo-
dified after 20]. The regulation of the CDK activities in different phases of the
cell cycle controls the correct process of DNA synthesis and replication.
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FIGURE 2: Pathways for induction of apoptosis: direct activation of the CD95
receptor by means of CD95 ligands and indirect damaging of the cell mem-
brane induced by drugs, X-rays, ceramides. Of crucial importance is the ex-
pression of pro-and antiapoptotic proteins like Bax and Bcl-2 having impact
on the permeability of the mitochondrial membrane [modified after 18,19].
The proteins of the Bcl-2 family modulate the behavior of the tumor tissue
within the limits of the endogenous tumor escape. The low regulation of the
proapoptotic proteins, such as Bax and Bak is, probably important for the per-
sistence and selection of aggressive tumor branches.'®'” Determining single
molecules as prognostic parameters within cancer genesis is incorrect. The
simultaneous detection of more marker molecules characterizing the
processes of proliferation and apoptosis (in combination with mutation analy-
sis), and the characteristics of the T-cellular effector systems and the HLA-|
status (participants in the exogenous tumor escape), will give a more precise
description of the real status and probably will become routine in the close fu-
ture.

The genome instability in tumor tissue is due
to the disregulation of the so-called “checkpoints”
of the cell cycle (Figure 1).?? The representatives of
Cip, Kip and INK4-tumor suppressing families are
the effector molecules within these checkpoints.
The main representatives of these families are:
p21Cip, p27Kie, p57KiP p1EINKe p]5INKed 1] GINKéc g
pl9™NK4d (Figure 1).87

Complex signal transduction systems-called
checkpoints-could regulate growth arrest, DNA-re-
pair and apoptosis and thereby prevent the forma-
tion of tumor cells.® Rb is an inhibitor of cell
proliferation. CDKs are essential components of the
cell-cycle engine (Figure 1). Rb has two important
tasks: it induces blockage of the cell cycle and ke-
eps the apoptosis at bay. In this process, prolifera-
tion is blocked by Rb through repression of cyclin
E, cyclin A and Cdc-2 genes. The promoters of the-
se proteins possess specific E2F binding sites. By re-
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pressing the expression of these genes, Rb can
block the cell proliferation. Rb is an important
downstream effector in the p53/p21Cip1 pathway,
and Rb can arrest damaged cells in the G1-, S- or
G2-phases of the cell cycle (Figure 1).572 The acti-
vation of p53/p21 leads to inhibition of the cell
cycle, and the tumor suppressor protein Rb rests in
its hypophosphorylated or active form that binds
E2F (pRb= hyperphosphorylated, inactive form;
Rb=hypophosphorylated, active form). The tumor
suppressor protein in retinoblastoma (Rb) is one of
the major proteins that can cause blockage of the
cell cycle. Rb is capable of inhibiting the transcrip-
tion factor E2F and c-Abl tyrosine kinase. Thus, Rb
attacks through indirect inhibition of E2F in the
cell cycle (Figure 1).5%

The presence of defects affecting the regula-
tors of these “transition points” makes the remo-
val of certain anomalies, which are still affecting
the cells that are “subject to malignant transfor-
mation”, impossible. The tumor cells, as their con-
tent is heterogeneous begin to persist in the
genome.® This probably underlies the generation
of immunoresistant tumor formations, which ini-
tially escape from the internal cell-controlling
mechanisms.®? It is quite correct to denominate
this phenomenon as an endogenous tumor esca-
pe. The exact mechanisms according to which the
control on cell proliferation and programmed cell
death are avoided are not completely clarified.” The
endogenous form of the already mentioned pheno-
menon precedes the exogenous one.

The exogenous form of tumor escape needs the
participation of the interaction between different
forms of inducting and executive systems, including

the HLA-system and the T-cell immunity.?*2

The reasons making the activation of the pro-
grammed cell death impossible are various. Death
receptors playing a key role in the activation of the
exogenous or external apoptous tract may result af-
fected (activated/blocked) (Figure 2).*>?” The loca-
tion of these receptors may be either in the tumor
cells themselves, or in the peripheral lymphocytes
as well (Figure 2).23 Precisely this link shows the
unbreakable connection between the exogenous
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and endogenous forms of the tumor escape, as well
as between the processes of uncontrolled cell pro-
liferation, apoptosis and malignant transformati-
on.

Each injury of the gene of the multidomained
proapoptotic protein Bax can lead to disorders in
the internal mitochondria tract and contribute to
the tumor progression.>®? The misbalance in the
expression of the pro- and antiapoptotic represen-
tatives of Bcl-2 protein family in the mitochondri-
a apoptosome is capable to give advantage to tumor
cells and by indirect means to help the tumor esca-
pe. 5623

It is considered that certain genetic alterations
affecting the expression of the pro- and antiapop-
totic genes and molecules (Bax, Bak and Bcl-2), as
well as the modulators of the cell cycle (p21, p27,
p53 and Rb), underlie the tumor progression.®” The
qualitative and quantitative appraisal of the alre-
ady mentioned proteins in the primary tumor tis-
sue would be able to provide an important
information about the risk of a possible tumor pro-
gression and the surviving capacity of the pati-
ents.’

Although the presence of micro-satellite ins-
tability plays an important role for the develop-
ment of some tumors, the finding of mutations of
the proapoptotic proteins and the regulators of the
cell cycle are not always the leaders of their evolu-
tion.” Frequently, the modifications arise at later
stages, during the so-called advanced stage.”> The
reduced expression of certain pro-apoptotic prote-
ins, such as Bax an Bak probably leads to the selec-
tion of different cell branches, and some of them
are capable to produce proteins with inhibiting ef-
fect on the immune system.®” This way the genetic
instability, the impossibility to induce the prog-
rammed cell death and the tumor escape are mutu-
ally empowered.%’

According to other authors, the reduced apop-
tosis in the tumor is accompanied by increased
apoptosis of the tumor-like infiltrating mononuc-
lear cells, and this indirectly helps the uncontrolled
proliferation (Figure 2).> The immune system is
practically inactivated.?
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An interesting example for exogenous form of
tumor escape and its link with the apoptotic pro-
cesses may be the autocrinic secretion of Fas-L,
which protects the tumor cells from the Fas-medi-
ated apoptosis (mediated by the cytotoxic lympho-
cytes).>1>2731 In the cases of melanomas of the
vascular coat of the eye, the tumor cells exhibit Fas-
receptor, but they are insensitive not only with re-
spect to the T-cell mediated apoptosis, but also to
the apoptosis mediated by the Fas-specific antibo-
dies with agony provoking effect. The melanomas
of the uvea become sensitive to the Fas-mediated
apoptosis only after a treatment by metaloproteatic
inhibitors. This way, the autocrinic secretion of the
Fas-L protects the tumor cells from the cytotoxic
lymphocytes and with a great deal of justification
may be analyzed as a form of tumor escape of exo-
genous nature that does not affect directly the tu-
mor cells.

KILLER RECEPTORS IMMUNOGLOBULIN-
AND LECTIN-LIKE RECEPTORS AND
THEIR RELATIONSHIP TO

TUMOR ESCAPE

KIR-receptors are located in the plasmatic mem-
brane of the natural killer (NK) cells and they par-
ticipate in the detection and elimination of tumor
cells. The KIR-genes belong to the gene superfa-
mily located in chromosome 19 (19q13.4).2%2 They
are responsible for the expression of KIR-receptors
on NK cells. Fourteen different KIR-receptors ha-
ve been identified in the human body, of which
eight have inhibiting and six activating, or ITAM
effects. The inhibiting receptors possess a long cy-
toplasmic part containing ITIM fragments.'? The
KIR-family receptors possess both activating and
blocking effects.!>!3

Another type of receptor molecules which ha-
ve an impact on the function of the NK cells and
are located on their surface, are the C-type-Lectin-
Like-Receptors, belonging to natural killer gene
complex (NKC).?® By analogy with the KIR recep-
tors, they also have both activating and inhibiting
function in the transmission of the respective sig-
nals. Five types of Lectin-Like-Receptors have be-
en discovered in the human body, expressed as
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hetero- or homodimers. These receptors are also

suggested to play a key role in tumor escape.>™

The presence of immune-receptor thyrously
based inhibiting sector (ITIMs) in the cytoplasmic
area is characteristic for the structure of the KIR-
and lectin-like-receptors transmitting an inhibiting
signal.®

The activating receptors of both groups struc-
turally differ from the inhibiting receptors. The lat-
ter contain amino-acidic sector located in the
transmembranous area of the cell, additionally al-
lowing the association of the adaptor molecules,
such DAP-10 and DAP-12. Adaptor molecules pos-
sess immuno-receptorial-thyrously-based- activa-
ting-areas (ITAMs), which are responsible for the
transmission of activating signal after the associati-
on with the respective ligand. Most of the inhibi-
ting receptors of the NKC have affinity to HLA-I
molecules, while the inhibiting natural killer re-
ceptor identify fragments analogous to the HLA-I
molecules, such as HLA-G for instance.®"3

Tumor escape is considered to be generated by
direct or indirect changes affecting the KIR- and/or
lectin-like-receptors, and by their interaction with
the representatives of the HLA-system (Table
1).13% The association of HLA-I with the inhibiting
KIR-receptors of the NK cells generates an inhibi-
ting signal to the cells of the immune system, and
this way, this association protects the normal cells
from immune reaction.’

Some malignant cells have the ability to dec-
rease the expression of the HLA-I system and thus
indirectly to avoid the transmission of an activa-
ting signal to the NK cells and this, in consequen-
ce, should lead to their further elimination.

Another possibility of tumor escape is the as-
sociation of the NK cells with proteins analogous
to the HLA molecule (HLA-G, for instance). The
HLA-G isoform is structurally a typical HLA-I mol-
ecule, containing alpha -1, -2 and -3 extracellular
domains, which are incovalently associated with
beta-2-microglobulin.?>** The HLA-G1-isoform has
been discovered in the form of membrane- associ-
ated protein, located on the cellular surface. The
HLA-G protein is a key mediator in the develop-
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ment of immune tolerance not only in the case of
tumors, but also in a number of immunologic dise-

ases. 3234

Not only for the inhibition, but also for the ac-
tivation of the KIR-receptors, the participation of
certain HLA molecules in the form of ligaments is
necessary. The modifications affecting the HLA
molecules within the cancer genesis are considered
to be among the basic generators of the tumor es-
cape. The HLA-G molecule plays its role in diffe-
rent immune processes and autoimmune diseases
and in some cases it blocks the T-lymphocytes du-
ring pregnancy, thus protecting the semi-allogene-
ic fetus from immunologic attack by means of the
maternal lymphocytes.?

The high regulation of the inhibiting HLA-G
molecule in some tumors (glioma and kidney car-
cinoma) confirms its essential importance in the
processes of malignant transformation.'

HLA-G may be detected not only in tumor
cells, but also in macrophagocytes and the T-cells

of other carcinomas.!%2%>3234

The expression of the HLA-G molecule in pa-
tients with melanoma metastasis underlies the tu-
mor progression because of the impossibility of
direct activation of the NK-cells.

I CONCLUSIONS

1. The establishment of a rigorously defined dog-
ma of behavior for tumor cells in every kind of tu-
mor, as well as in each individual is problematic.

2. The determination of single molecules as
prognostic parameters within cancer genesis is in-
correct and wrong. The simultaneous detection of
more marker molecules characterizing the
processes of proliferation and apoptosis (in combi-
nation with mutation analysis) , and the character-
istics of the T-cellular effector systems and the
HLA-I status, give a more precise description of the
real status and, probably, will become routine in

the close future.

3. The differences in the receptor repertoire of
the NK cells in all individuals, as well as the propor-
tion between inhibiting and activating receptors of

Turkiye Klinikleri ] Med Sci 2009;29(4)
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TABLE 1: The interaction between KIR-receptors and
KIR-ligands.

KIR-receptors HLA-ligands for KIR- receptors

KIR 2DL1 HLA Cw4 HLA-Cw6 HLA-C

KIR 2DL2 HLC Cw1 HLA-Cw3 HLA-Cw7

KIR 2DL3 HLA Cw1 HLA-Cw3 HLA-Cw7

KIR 2DL4 Not known yet

KIR 2DC1 HLA Cw4

KIR 2DC2 Not known yet

KIR 2DC3 Not known yet

KIR 2DC4 HLAC

KIR 2DC5 Not known yet

KIR 3DL1 HLA Bw4

KIR 3DL2 HLA A

KIR 3DC1 HLAB

KIR: Killer immunglobuline receptors.

each T-cell is of decisive importance for the activa-
tion of the T-cellular immunity and the removal of
the tumor formations at optimal conditions.®

4. Taking into consideration the fact that cer-
tain branches of the antigen-specific cytotoxic T-
lymphocytes (such as Mage A10 CD8 (+) ) persists
during years and years and that they probably are
responsible for the lack of recurrences of certain
tumours, the description of the exact profile of
these cells as well as the discovery of other similar
cells) could be probably of primordial importance.

The passive transfer, or the direct stimulation of
such cellular sub-branches (in the respective tu-
mour profile, according to the immune compati-
bility between donor and acceptor) would be an
adequate and possible therapeutic option.

5. Any unilateral conclusions based on results
which count on the processes of apoptosis and pro-
liferation are not enought due to the fact that tu-
mour cells could be neutralized by immunologic
mechanisms at “higher” immunologic level.’>%
Thus, the regulators of the endogenous tumour es-
cape acquire primordial importance, and the elim-
ination of the tumour takes place due to cellular
interactions at “another level”, which are not taken
into consideration in the respective investigation.
This probably, is the reason of the significant dif-
ferences in the choice of suitable prognostic pa-
rameters within the limits of cancer genesis.

The processes of regulation of the apoptosis,
the cell proliferation and the inactivation of the
immune system are closely linked with the differ-
ent forms of the tumour escape.
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