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Overexpression of TP53, TP53I3 and BIRC5, alterations of gene regulation
of apoptosis and aging of human immune cells in a remote period after 
radiation exposure 

Objective. To identify a contributive role of changes in gene regulation of apoptosis and telomere length at tran&

scriptional and translational levels to the formation of radiation&induced effects in  immune system. 

Patients and Methods. Study groups included 310 Chornobyl (Chornobyl) cleanup workers (dose of external expo&

sure (360.82 ± 32.3) mSv; age 58.9 ± 0.6 (M ± SD) years) and control (n = 77; age (52.9 ± 0.64) (M ± SD) years).

Expression of CD95, phosphatidylserine receptors, bcl2 and p53 proteins was studied by flow cytometry; the relative

expression (RQ) of BAX, BIRC5, FASLG, MADD, MAPK14, TP53, TP53I3, TERT, TERF1, TERF2 genes was performed using 7900 HT

Fast RT&PCR System and TagMan technology. Relative telomere length (RTL) was quantified by flow&FISH assay.

Results. Dose&dependent deregulation of apoptosis was shown at transcriptional level (TP53, TP53 I3, BAX, BIRC5, FASL
genes) and translational level (bcl&2 and p53 proteins) with blocking entry to apoptosis, dose&dependent activation

of anti&apoptotic proteins and TP53&mediated expression of genes&inhibitors of apoptosis. After exposure below 100

mSv a decrease in TERT gene RQ was associated with shortened telomeres, after exposure to doses over 500 mSv the

TERT RQ and RTL increase were associated with imbalance in TERF1 and TERF2 genes expression.

Conclusion. Our study demonstrates a presence of subsequent changes in gene expression, regulatory proteins pres&

entation, telomere length and distribution of cells by the stages of apoptosis  in a late period after radiation expo&

sure from low&dose range to doses over 500 mSv. Results of the study contribute to the basic concepts on the late

biological effects in immune system.
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INTRODUCTION
The development of long?term effects of ionizing

radiation (IR) is the trigger point for scientific devel?

opment and research of radiation medicine, radiobi?

ology and clinical performance is confirmed by mon?

itoring the health of contingent affected by the

Chornobyl accident [1]. Research conducted over the

period after the disaster show that a significant

increase in somatic and oncologic pathology is a con?

sequence of radiation induced destabilization of the

human genome [2, 3]. Search for unique and perma?

nent «signature» in the human genome, which has

been left by ionizing radiation, reveals changes in

gene expression after chronic radiation exposure [4],

which are associated with the increased risks of

chronic non?neoplastic diseases [5] and cancer [6]. It

is questioned whether the involved genes complexes

are unique or may be different, depending on a radia?

tion dose. However, gene expression findings are

mainly generated by the experimental studies. In

«Mayak» plant workers 40–50 years after start of

exposure the gene sets were revealed that are associat?

ed with plutonium incorporation (HNRNPA1,

RAPGEF1 and SERPINB9) as well as with athero?

sclerosis. Connection with gamma radiation dose

wasn’t significant [7]. Thus, the role of gene expres?

sion changes in humans and relation to radiation dose

at the remote period remains unclear. Therefore, it is

necessary to study the impact of modifying ion on sys?

temic violations of apoptosis gene regulation at the

transcriptional and translational levels in remote

post?radiation period. It is shown that enhancers and

inhibitors of apoptosis or directly affecting on cell

death mechanisms, or indirectly – by influencing of

transcription regulation [12]. 

The presence of radiation aging in radiation?exposed

at the Chornobyl accident is the most controversial

aspect of the biological effects of ionizing radiation.

Accelerated aging was demonstrated in clean?up

workers, basing on hematopoietic and cardiovascular

system indices. Shortening of telomeric sequences in

peripheral blood (PB) leukocytes was demonstrated in

cleanup workers in the remote period after exposure.

According to other studies these changes cannot be

considered definitively proven [14].

Therefore, it is necessary to study modifying effects

of ionizing radiation on the regulation of apoptosis

and aging at transcriptional and translational levels

and their connection to in remote post?radiation

period.

PATIENTS AND METHODS
Study groups included 310 Chornobyl cleanup workers

(male) with average external dose exposure of (360.82 ±

32.3) mSv (M ± SD) (mean age 58.9 ± 0.6) and control

group of 77 non?exposed male individuals (mean age

52.9 ± 0.64). The main group of Chornobyl cleanup

workers was divided into 3 subgroups: I subgroup

includes liquidators of the Chornobyl remote period

irradiated at doses below 100 mSv, the II group consist?

ed of cleanup workers with external exposure dose in a

range of 100 to 500 mSv and III subgroup – clean?up

workers exposed to doses of 500 mSv and more.

Telomere analysis by fluorescence 

in situ hybridization and flow cytometry 

The relative telomere length (RTL) was studied using

the Telomere PNA Kit / FITC (DakoCytomation,

Denmark) for hematopoietic cells using PNA probe

labeled with FITC. FISH stage included preprocess?

ing, denaturation, hybridization (the 1st day), washing,

DNA staining, and analysis (the 2nd day). K562 cell

line with long and determined telomere length was

used as control cells. Hybridized samples with FITC?

labelled PNA were counted at FACSCalibur cytometer. 

RTL was calculated by the equation as a follows

(1.1):

(mean FL1 sample cells with probe PNA) X 
(mean FL1 sample cells without probe PNA)

RTL=  __________________________________________________________  x 100 (1.1)
(mean FL1control cells with probe PNA) X 

(mean FL1 controlcells without probe PNA)

Real1time polymerase chain reaction 

(relative quantification of gene expression) 

The relative expression of BAX, BIRC5, FASLG,

MADD, MAPK14, MKNK2, TERF1, TERF2, TERT,

TP53, TP53I3 genes was performed by a polymerase

chain reaction with real?time reverse transcription

(RT?PCR). RNA was purificated from PB mononu?

clear using the automated QIAcube workstation (QIA?

GENE, Germany) with a spin?column NucleoSpin

RNAII (Macherey–Nagel, Germany kit for RNA

purification) and DNAse processing. cDNA was syn?

thesized from purificated RNA samples with the High

Capacity cDNA Reverse Transcription Kit (Applied

Biosystems, USA). Amplification of cDNA was per?

formed using 7900 HT Fast RT?PCR System with

TagMan Low Density Array Plate (Applied

Biosystems, USA). Data was analyzed and the relative

levels of gene expression (RQ) were calculated using

the SDS 2.3 and RQManager software.
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Flow cytometry study 

Expression of CD95, bcl2, p53 proteins and molecule

of phosphatidylserine investigated by flow cytometry

using monoclonal antibodies: CD95 FITC Mouse Anti"

Human, Bcl"2 PE Mouse Anti"Human,  FITC Mouse

Anti"p53 Antibody Set and FITC Annexin"V Apoptosis

Detection Kit I (BD, USA) by standard protocol for

surface and intra stain flow cytometry technology.

Analysis was performed on laser flow cytometers

FACScan and FACSCalibur (BD, USA).

RESULTS AND DISCUSSION 
Dysregulation of apoptosis at transcriptional 

and translational levels in the remote period 

after exposure 

The signal for the start of apoptosis is the interaction

of specific extracellular ligands with cell death recep?

tors that are expressed on the surface of the cell

membrane. At the stage of ligand, receptor binding

can be characterized readiness cells to apoptosis. We

investigated the spontaneous expression of CD95

antigen in groups of cleanup workers (Table 1). A sig?

nificant increase in expression of FAS?receptor in

dose subgroups of clean?up workers compared with

controls was demonstrated. The average level of

expression of CD95 antigen increased with dose. The

highest value was recorded in the group of exposed at

doses over 500 mSv. Analysis of intracellular expres?

sion of anti?apoptotic protein Bcl?2 in PB lympho?

cytes of cleanup workers showed a reduced expres?

sion of this marker in all dose subgroups to the con?

trol with absence of statistic differences between the

dose subgroups. Obtained data demonstrate an

increase of cells preparedness to initiate an altruistic

death process alongside with a reduced expression of

antiapoptotic proteins. Different strength of correla?

tions between the bcl?2 protein expression and radia?

tion dose was revealed in dose subgroups: subgroup I

– r = 0.39, subgroup II – r = 0.17, subgroup III– r =

0.23 (p < 0.05).

The quantification of cells number entering the

advanced stages of apoptosis demonstrated a decrease

of cells in the early stages of apoptosis with

Annexin+PI? phenotype in the most exposed third

subgroup of cleanup workers compared to the control.

In subgroups I and II an increase of apoptotic cell

number was shown. The average numbers of cells at

the advanced stages of apoptosis by dose subgroups

were not changed. None of significant changes were

found in the percentage of necrotic Annexin?PI+

cells. Significant correlations between percentage of

lymphocytes in the subsequent stages of apoptosis

(early, late and necrosis) were found in a subgroup III

of cleanup workers exposed to doses higher than 500

mSv (Annexin+PI? % vs Dose: r = ?0.17;

Annexin+PI+ % vs Dose: r = ?0.12; Annexin?PI+ %

vs Dose: r = ?0.32; p < 0.05).

Our study revealed differences in cell entry to apop?

tosis at the late period after exposure due to radiation

dose. Changes in proportion of cells susceptible to

apoptosis and cells expressing the anti?apoptotic pro?

teins in doses below 500 mSv show dependencies with

dose and are accompanied with the entry of cells into

apoptosis. At high doses increased FAS+ fraction and

number of AnnexinV+PI? cells together with a

decrease percentage of cells expressing bcl?2 antiapop?

totic protein weren’t associated with increase of cells

at later stages indicating the incompleteness of apop?

tosis. These data are confirmed by research at the

molecular level.

Investigation of expression of gene regulating FAS?

pathway of apoptosis – FASL, showed overexpression
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Table 1

Percentage of lymphocytes expressing CD95 receptor and anti+apoptotic Bcl2 protein in the groups of cleanup
workers divided by radiation dose

Groups

Indexes (%) Chornobyl clean$up workers

Control I subgroup ІІ subgroup ІІІ subgroup 
(0 < D < 100) (100 < D < 500) (D > 500)

CD95+(M+SD) 19.26 ± 9.32 29.18 ± 9.85 32.56 ± 9.81 35.20 ± 9.68
tXvalue – X6.41 X9.07 X8.51
p – < 0,0001* < 0.0001* < 0.0001*
n 68 91 119 41
Bcl2+(M+SD) 37.84 ± 8.21 32.31 ± 6.09 33.65 ± 8.01 32.66 ± 12.31
tXvalue – 3.76 2.83 2.58
p – < 0.05* < 0.03* < 0.01*
n 68 42 54 37
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of this gene in leukocytes of PB of clean?up workers

exposed in the dose range more than 500 mSv, show?

ing the same type of changes at this level of apoptosis

on the transcriptional and translational levels (Figure

1, A). However, a significant increase of FASL gene

expression not accompanied, at group level, increased

number of AnnexinV+PI? cells in the early stages of

apoptosis (Figure 1B, 1C), confirming incomplete?

ness of programmed cell death in this dose range. The

explanation is the depletion of apoptotic response in a

remote period after exposure to high doses, and it

could enhance the aging process, accumulation of

mutations and malignant transformation. Evidence

on the existing of such violations in a remote period

after radiation exposure in the dose range of more

than 500 mSv could be confirmed by the overexpres?

sion of the BIRC5 (encoding survivin protein) gene

inhibiting apoptosis associated with the decrease in

expression of pro?apoptotic BAX and MADD genes

(Figure 2A, 2B, 2C). BIRC5 overexpression in a sub?

group of cleanup workers exposed to doses more than

500 mSv could be an unfavorable sign of absence of

elimination of transformed cells and explains a num?

ber of apoptosis block effects in this dose range.

MADD protein mediates activation of mitogen?acti?

vated protein kinase (MAPK), which is part of a

kinase cascade, which is partially regulated by gene

MKNK2. MKNK2 gene expression was characterized

by a downward trend in all study groups, but statisti?

cally significant differences to unexposed control

indices were registered only in a subgroup of exposed

below 100 mSv.

Genome changes resulting from influence of low?

LET radiation, can modify the fundamental cell?tis?

sue processes, including the acceleration of cell aging

(regulation of telomere length, arrest the cell cycle),

apoptosis and/or compensatory proliferation, viola?

tion of signal transduction and cell transformation

[8]. Indisputably important is the way of implement?

ing genetic changes. The cellular senescence, apop?

tosis and blast transformation represent keen and

interrelated reactions of cells in the presence of stress

factors [9]. Violation in synergy between the basic

homeostatic systems amongst the gradual depletion

of adaptation reserves promotes sustainable systemic

changes in the immune system due to ionizing radia?

tion. The violation of apoptosis gene regulation could

be influenced by endogenous and exogenous factors,

including ionizing radiation [10]. Gene regulation of

apoptosis is a process of delicately tuned balance of

pro? and anti?apoptotic mechanisms, and transit to
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its late stages is regulated by a set of clearly defined

genes. The keen role among them is played by TP53,

which is responsible for the regulation of the cell

cycle and in not mutated state acts as a suppressor of

malignant transformation [11]. It is shown that

enhancers and inhibitors of apoptosis or directly

affecting cell death mechanisms, or indirectly – by

influencing the regulation of transcription. The role

of radiation?induced alternative transcription and

splicing could be also applicable in biological

dosimetry [13].

DNA damage activates check points, leading to a

delay in proliferation or initiation of a programmed

cell death to remove potentially harmful mutations.

Due to a type of repair error?prone cell fraction could

increase and the progeny became genetically unstable

and could undergo transformation. A key role in the

cell cycle G1? check point is played by p53, which

acts as a mediator of proteins signal that recognize

DNA damage to effectors that stop the cell cycle

[15]. In our study it was shown statistically significant

increase of TP53 gene expression in remote period

after exposure only in the dose subgroup of cleanup

workers in the dose range of D > 500 mSv (Figure

3A). TP53 gene activation is associated with the

launch of programmed cell death, which was con?

firmed in our study. Subgroup of cleanup workers

exposed in a dose range from 100 to 500 mSv is char?

acterized by a correlation between the percentage of

CD95+ cells and TP53 gene expression (r = 0.27),

whereas the subgroup of cleanup workers exposed to

doses more than 500 mSv is characterized by a high?

er degree of interaction (r = 0,89 (p < 0.05)) between

the expression of FAS?receptor and RQ of TP53.

Also, a correlation is revealed between the level of

intracellular expression of anti?apoptotic Bcl2 pro?

tein and RQ of TP53 gene in group of Chornobyl

cleanup workers (subgroup I: r = ?0,48, subgroup II –

r = ?0.34, III subgroup – r = 0.66) (p < 0.05).

Different strength of correlation was demonstrated

between the relative levels of TP53 gene expression

and intracellular levels of its product – the protein

p53 in dose subgroups: with Pearson coefficients in I

subgroup of: r = 0.36 (p < 0.05), II subgroup – r =

0.96 (p < 0.05), the third subgroup – r = 0.68 (p <

0.05). These data demonstrate the positive effects of

translational regulation of TP53. The character of

changes the RQ of TP53I3 gene similar in TP53 gene

expression (Figure 3, B). 
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Analysis of TERF1, TERF2, TERT gene regulation

relative telomere length in peripheral blood 

lymphocytes of Chornobyl clean1up workers

1986–1987, depending on age and 

radiation dose

Radiation induced cell aging is one of the most contro?

versial biological effects. To characterize the cellular

aging process and evaluate contribution of radiation

dose the relative telomere length (RTL) was studied. A

decrease in RTL values was shown in exposed groups

compared to the control (Table 2). Marked RTL

reduction was registered in the group of Chornobyl

cleanup workers exposed to doses below 100 mSv.

The length of telomeres in somatic cells is influenced

not only by various exogenous and endogenous patho?

genic factors, especially with age. To reveal factor of

age the total group was divided by 10?years intervals:

1 – 40–50, 2 – 50–60, 3 – 60–70, and 4 – 70–80

years old. The average numbers demonstrate a reduc?

tion in RTL from younger to elder groups (Figure 4).

By a correlation analysis between the RTL and age a

weak relationship was shown (r = ?0.18 (p < 0.05)).

This data is consistent with literature. 

To reveal the modifying influence of age and radia?

tion on the relative telomere length a relationship was

studied between RTL and dose in subgroups. Low?

power correlations were shown under 500 mSv

(0–100 mSv – r = 0.18; 100–500 mSv – r = ?0.11).

At a remote period after low?dose irradiation (< 100

mSv) differences were demonstrated between radia?

tion dose and RTL with positive correlations after

low?dose exposure (< 100 mSv), changing for nega?

tive correlation in groups of exposed over 100 and 500

mSv. We’ve analyzed a character of RTL changes with

a combination of different age and dose intervals. It

was found that the most pronounced negative correla?

tion was present in the cleanup workers group in the

age range from 40 to 50 years and dose range from 100

to 1000 mSv. 

A key role in the regulation of telomere length and

chromosome endings play defense protein compo?

nents nucleoside protein complex that are associated

with double?stranded DNA. Mutations of telomere

binding proteins lead to a chromosomal instability

syndrome and premature aging of cells. Genes

TERF1 and TERF2 and proteins encoded by them

ISSN 2304�8336. Проблеми радіаційної медицини та радіобіології = Problems of radiation medicine and radiobiology. 2016. Вип. 21.

Figure 3. Dose+dependent increase in of TP53, TP53 I3 gene expression in a remote period after exposure

A. TP53 B. TP53I3

Table 2

The relative telomere length in peripheral blood leukocytes clean+up workers exposed to a wide range of doses

Groups

Chornobyl clean$up workers
Indexes (%)

Control (n=73) I subgroup ІІ subgroup ІІІ subgroup 
(0 < D < 100) (100 < D < 500) (D > 500)

(n = 102) (n = 123) (n = 43)

RTL 18.42 ± 3.41 15.68 ± 3.31 16.40 ± 3.64 16.53 ± 3.88
tXvalue – 5.31 3.83 2.73
p – < 0.001* < 0.001* < 0.007*
n 68 42 54 37
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are the main negative regulator of telomere length

and an imbalance in their functioning is associated

with the development of malignant transformation.

In the late period after exposure a general tendency

of reducing the RQ of TERF1 was demonstrated in a

wide range of doses. A statistically significant

decrease in TERF1 gene expression was found in II

and III subgroups of clean?up workers compared

with controls. A similar pattern was recorded in the

study of other gene negative regulator of telomere

length – TERF2. In the late period after exposure is

set statistically significant downregulation of TERF2

gene expression in all subgroups of liquidators.

However, the lowest average TERF2 gene expression

found in the group of persons exposed in the doses

over 500 mSv (Figure 5).

TERT gene encodes a protein – telomerase reverse

transcriptase, which is functioning normally leads to

the preservation of telomere length at a constant level,

thus compensating for end underreplication and

allowing the cells divide indefinitely. Somatic cells lack

telomerase activity is normal, because after a certain

number of the cell cycle, the division process is broken

and is running apoptosis. Activation of telomerase in

somatic cells makes possible a pathological unlimited

division, which along with violations of protoonco?

gene p53, Ras, Myc and others is a crucial factor for

malignant transformation of cells. On the other hand,

the main criterion for the efficiency of telomerase is a

number of telomeric repeats. Reducing the length of

telomeres is a sign of many diseases and can be a pri?

mary consequence of telomerase dysfunction and

resulting premature loss of telomeres induced by other

factors [16]. The study of the TERT gene expression

showed a statistically significant (p < 0.001) increase in

group average RQ in the remote period after radiation

exposure in the dose over 500 mSv (Figure 5). The

study of the correlation relationships between RQ of

TERT and dose of exposure confirmed a character

change: In subgroup III a medium strength positive

correlation (r = 0.39, p < 0.05) was shown. Effects on

TERT were accompanied by violation of the regulation

of telomere length through telomerase gene inhibitors –

TERF1 and TERF2. 

We analyzed the dependence between expression of

telomere?telomerase complex genes and TP53 gene

expression. A positive correlation between the relative

levels of TERF1, TERF2 genes expression and TP53

was found at doses below 500 mSv (I subgroup – r =

0.33, r = 0.39; II subgroup r = 0.70, r = 0.53, respec?

tively) (p < 0.05), while in a group of exposed over 500

mSv a correlation was detected between RQs of TERT

and TP53 (r = 0.44, p < 0.05).

CONCLUSION
Our study has demonstrated presence of subsequent

changes in gene expression, regulatory proteins pres?

entation, telomere length and distribution of cells by

the stages of apoptosis  in a late period after radiation

exposure from low?dose range to doses over 500 mSv.

Deregulation of apoptosis of immune cells include:

increased TP53, TP53I3, FASL gene expression (posi?

tive regulation of apoptosis); imbalance in expression

of pro? and anti?apoptotic genes (BAX, BIRC5);

imbalance in expression of receptors that regulate the

ability of cells to apoptosis (overexpression of FAS?

receptor with a decreased number of bcl2 protein

bearing cells). The result is an incomplete process of

ISSN 2304�8336. Проблеми радіаційної медицини та радіобіології = Problems of radiation medicine and radiobiology. 2016. Вип. 21.

Figure 4. Characteristics relative telomere length in peripheral blood leukocytes of clean+up workers of total
cohort depending on age (A). Correlation RTL vs Age (B).

A. B. 
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apoptosis, reduction of the number of cells as the early

and late stages, manifested in the reduction of phos?

phatidylserine expression and the number of necrotic

cells. To greatest extent these changes are determined

after exposure to doses above 500 mSv. 

Deregulation of cellular aging in the immune system

includes: a reduction in telomere length depending on

the age and fact of exposure in comparison to unex?

posed controls; p53?mediated overexpression of TERT

gene in a late period after exposure to doses over 500

mSv; together with imbalance of TERF1, TERF2

genes expression, which encode nucleoprotein com?

plex of telomeres. The result could be cellular aging

and risk of transformation.
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