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PERIPHERAL BLOOD HEMATOPOIETIC STEM CELL POOL IN INDIVIDUALS CHRONICALLY EXPOSED TO
RADIATION OVER A LONG-TERM PERIOD
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Changes in the peripheral blood cellular composition were observed in the long term period in the residents of the Techa riverside villages chronically exposed to
radiation, which may be the consequence of structural and functional disorders in the pool of hematopoietic stem cells (HSC) and progenitor cells. Therefore, the
study was aimed to quantify peripheral blood CD34* cell pool in individuals chronically exposed to radiation over a long-term period. Sixty years after the onset
of exposure, a total of 153 individuals were examined, who were divided into four groups: individuals exposed in utero and postnatally (the average postnatal
absorbed dose was 570 mGy); individuals exposed only postnatally (the average postnatal absorbed dose was 790 mGy), and two comparison groups, in which
the average postnatal absorbed dose to red bone marrow did not exceed 70 mGy. Absolute and relative peripheral blood CD34* cell counts in chronically exposed
individuals were assessed by flow cytometry. No changes in CD34+ cell counts compared to comparison group were revealed in the group of individuals exposed
in utero and postnatally; no age-related changes were registered as well. However, a significant decline in absolute HSC and progenitor cell counts with increased
absorbed dose to red bone marrow was observed. In the group of individuals exposed only postnatally, there was a significant increase in peripheral blood CD34*
cell counts compared to comparison group (p = 0.004 for absolute cell count; p = 0.009 for relative cell count), dose-dependent increase in peripheral blood
HSC and precursor cell counts (o = 0.02 for absolute cell count; p = 0.083 for relative cell count), along with age-related decline in these cells’ counts (p = 0.02 for
absolute cell count; p = 0.04 for relative cell count).
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nyn FrEMOMNO3TUYECKUX CTBOJIOBbIX KNIETOK B MEPU®EPUYECKOW KPOBU XPOHUYECKU
OBJTYHEHHbIX NINL, B OTOANIEHHOM NMEPUOJE

A. V1. Kotnkosa'2 B, E. A. BavHosa'?, A. B. Aknees'?

T YpanbCKuin Hay4HO-NPaKTUHECKUIA LIEHTP paamaLoHHOM MeauLiHbl PefepanbHOro Meamnko-61onormieckoro areHTeTea, YensibuHek, Poccust

2 YensibUHCKUIA roCcyAapCTBEHHbIN YHUBEPCUTET, HYensibuHek, Poccust

Y knTenen npubpexxHbIX cen pekn Teyu, NMoABepraBLUMXCS XPOHUYECKOMY paavaLMoHHOMY BO3LEMCTBUIO, OTMEYatloT U3MEHEHUSI KNETOYHOro cocTasa
nepudepn4eckoit KPoBM B OTAANEHHOM NEPUOAE, HTO MOXET ObiTb CNEACTBMEM CTPYKTYPHbBIX U (PYHKLMOHAMbHbLIX HAPYLIEHWA B Myne reMonoaTn4eckmnx
CTBOIOBbIX KETOK (TCK) 1 KNeTok-NpeaLLecTBEHHNKOB. Lienbto paboTbl Bblno OLEHWTE KOMMYECTBEHHbIE xapakTepcTuky nyna CD34+-kneTok nepndepnyeckoi
KPOBW Y XPOHMYECKM 001yHEeHHbIX L, B OTAaneHHOM nepuoge. Yepes 60 net nocne Havana obnyveHus obcnegosaHo 153 YenoBeka, KOTOPbIX pasaenvam Ha
YeTblpe rpynnbl: auL, 06ayHYeHHbIX B Nepuof BHYTPUYTPOOHOMO 1 NOCTHATANbHOro PasBUTUSA (CPedHsAs MOrNOLLEeHHas nocTHaTanbHas [o3a cocTasuna
570 MIp); mL, 06MyHEHHBIX TONMBKO MOCTHATANBHO (CPeAHAs MOMOLLIEHHasA NoCTHaTaNbHas Ao3a coctasmna 790 MIP), a Takke ABe rpynmbl CPaBHEHWS, B KOTOPbIX
NOMNOLLEHHbIE MOCTHATANbHbIE A03bl 06MYHYeHNA KpacHOro KocTHOro mo3ra (KKM) He npesbiwani 70 MIp. OueHKy abConoTHOMO 1 OTHOCUTENBHOMO KONMYecTBa
CD34*-knetok B Nepuepn4eckon KPOBY Y XPOHUHECKM OBMYHeHHbIX ML, MPOBOAVM METOAOM MPOTOHHOW UMTOMETPpUW. B rpynne nud, obydYeHHbIX B
nepuog, BHYTPUYTPOBHOIO M MOCTHATAIbHOrO Pa3BUTKS, HE BbISBIEHO 13MeHeHne konmdecTBa CD34+-KNeToK OTHOCUTENBbHO MPynMbl CPaBHEHMS, BO3pacTHasA
3aBUCUMOCTb TaKXKe He 3apervctpuposaHa. [py 8TOM OTMEYEHO 3Ha4YMMOEe CHVbKeHMe abcontoTHOro konmnyectsa CK 1 KNeTok-npealecTBeHHNKOB C
yBenuyeHnemM [o3bl 0bnydeHns KKM. B rpynne nuu, obay4eHHbIX TOMbKO MOCTHaTanbHO, OOHapY>KeHO 3HauMmMoe yBenudeHue nokasateneit CD34*-kneTok
nepuepmnHecKon KpoBK OTHOCUTENBHO MPYMMnbl CpaBHeHUst (ans abcomoTHoro konmdectsa p = 0,004; gna otHocuTenbHoro — p = 0,009), oTMes4eHo
[noso3zasrcumoe yeenmdeHre CK 1 KneTok-npeawecTBEHHKOB B NepudepnHeckor Kposw (4ns abcontotHoro konnyectea p = 0,02; ong OTHOCUTENBHOMO —
p =0,03), Npv 3TOM 3aPErVICTPMPOBAHO CHWKEHE AAHHOMO TUMa KNETOK C BO3PACTOM (A1 abContoTHOro konmyecTsa p = 0,02, Ans otHocutensHoro — p = 0,04).
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More than 60 years ago, residents of the villages located along
the Techa River, were chronically exposed to radiation due
to liquid radioactive waste discharged by Mayak Production
Association. Uneven radiation dose distribution in the body
was the feature of the exposure. The highest radiation dose
was received by red bone marrow due to accumulation of
osteotropic °Sr in bone tissue [1]. As a result, there had been
a stable decrease in peripheral blood platelet and leukocyte
counts in exposed individuals in the early days with the dose
rate exceeding 0.3-0.5 Gy/year [2].

Currently, restoration of the majority of immunocompetent
cell pools is observed [3]. However, pro-inflammatory shift in the
cytokine system together with steady decline in the neutrophil
counts are registered against a background of normal G-CSF
and GM-CSF [3, 4]. Structural and functional impairments
in hematopoietic stem cell (HSC) pool and progenitor cells
resulting from long-term radiation exposure to both HSCs and
microenvironment cells can be the cause of the observed late
effects on the immune system.

The study was aimed to quantify peripheral blood CD34+
cell pool in individuals chronically exposed to radiation over a
long-term period.

METHODS

A total of 153 patients of the Ural Research Center for
Radiation Medicine clinical department were enrolled. Inclusion
criteria: residence in the villages located along the Techa River
in 1950-1960; availability of calculated absorbed dose to red
bone marrow, thymus and peripheral lymphoid organs [5]; no
diagnostic or therapeutic radiation exposure for a period of 6
months before the study; no history of cancer, autoimmune
diseases, acute or chronic inflammatory disorders (exacerbation
of inflammation) for a period of 6 months before the study; no
treatment with hormones, antibiotics and cytostatic drugs for a
period of 6 months before the study. Exclusion criteria: failure

Table 1. Characteristics of the studied population

to meet any of the listed above criteria.

All the subjects were divided into several groups:
individuals born in 1950-1960, individuals exposed in utero
and postnatally, comparison group 1; individuals born until
1949 inclusive exposed only postnatally, comparison group 2.
Comparison groups included patients living in similar economic
and social environment with their postnatal absorbed dose to
red bone marrow not exceeding 70 mGy [6]. Characteristics of
the studied population are provided in Table 1.

Individuals exposed in utero and postnatally were
significantly older compared to individuals of the comparison
group 1 (p < 0.001). It is worthy of note, however, that both
groups were of similar age range (Table 1). No significant
differences in ethnicity and gender were revealed (Table 1).

Hematopoietic stem cells (HSCs) and progenitor cells,
expressing CD34 receptor on their surface, are primarily
concentrated in the bone marrow. However, a small proportion
of these cells (about 10% of all HSCs present in human body)
are also found in peripheral blood of healthy adult humans [7, 8].
In order to quantify CD34+ cells and immunocompetent cells,
the 9 ml samples of venous blood from the patients’ cubital vein
were collected in the fasting state using the vacuum tube with
KB-EDTA (Greiner Bio-One; Austria). Quantification of CD34*
cells in peripheral blood of the subjects was performed by flow
cytometry with the use of StemKit Reagents (Beckman Coulter;
France) and Epics flow cytometer (Beckman Coulter; USA) in
accordance with the manufacturer's instructions.

Statistical data processing was performed using SigmaPlot
software (Systat Software Inc; USA). Mann-Whitney U test
was used to compare CD34+ cell counts in peripheral blood
of patients from the studied groups. The differences were
considered significant when p < 0.05. The relationship between
the peripheral blood CD34* cell counts and the absorbed
dose to red bone marrow, thymus, and peripheral lymphoid
organs, or age, was defined using the Spearman's rank-
order correlation; correlations were considered significant

Individuals born in 1950-1960 Individuals born until 1949 inclusive
Criteria Comparison Individuals exposed in utero and Comparison Individuals exposed only
group 1 tnatally 1= 27 group 2 postnatally
" =60 postnatally n = n=19 n=47
Slavs 62 (37) 52 (14) 32 (6) 45 (21)
Elpnioty 48 (13) 55 (26)
% (n)
Turks 38 (23) P = 0,5 68 (13) o =05
Males 40 (24) 30 (8) 37(7) 21 (10)
Gender, % (n) 70 (19) 79 (37)
Females 60 (36) P = 0,5 63 (12) 0 = 0,5
Average age, years, M = SE** 63,71 + 0,35 68’(%3?)'25 77,05 = 1,06 74'(;(2)_*82)'58
(min-max) (60-69) P < 0,001 (70-87) 0 = 0,06
Postnatal absorbed dose to red bone 20+ 2 570 + 90 104 790 + 90
marrow, mGy, M + SE (min—-max) (0-68) (80-1720) (0,4-50) (80-2930)
perip ymphold organs, may, M & (0-8) (2-430) (0,08-30) (8-370)
(min-max)
Fetal absorbed dose to red bone marrow, 8+2 70 + 20
mGy, M + SE (min-max) (0,2-3) (0-360) - -
Fetal absorbed dose to thymus and
peripheral lymphoid organs, mGy, M + SE 09+02 10=7 _ _
) (0-8) (0-170)
(min-max)

Note: “n — studied population size; “*M + SE — mean + standard error of the mean;
— significance level for intergroup differences in age.

ok

level for intergroup differences in gender;

Hodk ok

— significance level for intergroup differences in etnicity; — significance
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Me

(25%-75%)

Indicator Absolute CD34* cell counts, cells/uL Relative CD34* cell counts, %
. 37,00 0,04
Comparison group 1, n= 60 (24-64) (0,03-0,07)
31,00 0,04
Individuals exposed in utero and postnatally, n =27 (22-61) (0,03-0,06)
p,=0,32 p,=0,67
. 20,00 0,03
Comparison group 2, n=19 (15-28) (0,02-0,04)
36,00 0,04
Individuals exposed only postnatally, n = 47 (20-50) (0,03-0,07)
p,= 0,004 p,=0,009

Note: Me — median; p, — significance level for differences in absolute CD34+ cell counts in the groups of individuals born in 1950-1960; p, — significance level for
differences in relative CD34+ cell counts in the groups of individuals born in 1950-1960; p, — significance level for differences in absolute CD34+ cell counts in the
groups of individuals born until 1949 inclusive; p, — significance level for differences in relative CD34+ cell counts in the groups of individuals born until 1949 inclusive.

when p < 0.05. Qualitative features of the correlation were
defined based on the correlation coefficients in accordance
with the Chaddock scale.

RESULTS

No significant changes in absolute and relative peripheral blood
CD34+ cell counts were detected in individuals, exposed in
utero and postnatally, compared to the 1st comparison group
(0 = 0,32 and p = 0,67 respectively). However, in the group of
individuals exposed only postnatally, a significant increase in
peripheral blood CD34+* cell counts was observed compared to
individuals from the 2™ comparison group (Table 2) (significance
level for differences in absolute CD34+ cell counts: p = 0.004;
significance level for differences in relative CD34* cell counts:
p = 0.009).

In the group of individuals born in 1950-1960, there was a
slight significant decline in absolute CD34+ cell counts in relation
to postnatal absorbed dose to red bone marrow (r = —-0.24;
p = 0.03). Moreover, a slight significant decline in both absolute
(r =-0.26; p = 0.02) and relative (r = =0.23; p = 0.03) CD34~*
cell counts in peripheral blood in relation to postnatal absorbed
dose to thymus and peripheral lymphoid organs was observed.
No significant relationships between the studied parameters
and fetal doses (significance level for fetal absorbed dose to
red bone marrow and absolute CD34+ cell counts: p = 0.94;
significance level for relative cell counts: p = 0.98; significance

90

R y=70,57-0,09%
° R=041,R2=0,17
Y D=0,0002

80 +

Age (years)
3

3
!

50

40 T T T T T

level for fetal absorbed dose to thymus and peripheral lymphoid
organs and absolute CD34+ cell counts: p = 0.48; significance
level for relative cell counts: p = 0.74). Regression analysis
revealed no significant dose-dependent changes in peripheral
blood CD34+ cell counts in individuals born in 1950-1960.

In the group of individuals born until 1949 inclusive,
correlation analysis of dose-dependent changes in peripheral
blood CD34* cell counts revealed a slight significant decline
in both absolute (r= 0.29; p = 0.02) and relative (r = 0.26; p = 0.03)
CD34+ cell counts in relation to postnatal absorbed dose to
red bone marrow. No significant correlations between the
CD34+ cell counts and postnatal absorbed dose to thymus and
peripheral lymphoid organs were found (significance level for
absolute HSC and progenitor cell counts: p = 0.14; significance
level for relative cell counts: p = 0.19). Regression analysis
revealed no significant relationships between CD34+ cell counts
and postnatal absorbed dose to red bone marrow, thymus and
peripheral lymphoid organs.

On order to define the relationship between CD34+ cell
counts and age, we decided to merge comparison group 1
(individuals born in 1950-1960) and comparison group 2
(individuals born until 1949 inclusive) for correlation analysis.
In the joint comparison group, a slight significant decline in
peripheral blood absolute (r = —0.58; p < 0.001) and relative
(r=-0.44; p < 0.001) CD34+* cell counts with age was observed.
Correlation of blood HSC and progenitor cell counts with age
in the joint comparison group was assessed with the use of

90

" y = 69.71-52,98x
. R = 033,R%=0,11
Y] p=0004

80

70

Age (years)

60 4

50

0 50 100 150 200 250

Absolute CD34+ cell counts (cells/uL)

40 T T T

0,0 0,3

Relative CD34+ cell counts (%)

Fig. Correlation of peripheral blood CD34* cell counts with age in individuals of joint comparison group
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regression analysis. Results of regression analysis of age-
related changes in peripheral blood absolute and relative CD34+*
cell counts in individuals from the joint comparison group are
presented in Fig.

In the group of individuals exposed in utero and postnatally,
no significant correlation of peripheral blood absolute (p = 0.14)
and relative (p = 0.36) CD34+ cell counts with age was observed
at the time of the study.

In the group of individuals exposed only postnatally, there
was a significant decline in peripheral blood CD34+ cell counts
with age at the time of the study (significance level for absolute
counts: p = 0.02 (r = -0.33); significance level for relative
counts: p = 0.04 (r = -0.29)). Regression analysis revealed no
significant correlation of peripheral blood HSC and progenitor
cell counts with age in individuals exposed only postnatally.

DISCUSSION

Currently, there are no reliable data on the condition of HSC
pool over a long time following chronic exposure to radiation.
However, there is evidence obtained during experiments on
mice, which demonstrates the following late effects of radiation
exposure: permanent phenotypic change in the population of
red bone marrow HSCs [10], increased levels of apoptosis in
HSCs, as well as accumulation of DNA damage in HSCs and
progenitor cells [10-12]. The observed effects are believed to
result from asymmetric division of HSCs in the bone marrow: one
daughter cell remains a stem cell retaining genomic alterations
resulting from the parent cell radiation exposure, together with
the bystander effect, observed during the experiment involving
transplantation of exposed and non-exposed murine HSCs
[12]. Functional failure in HSCs and progenitor cells over a long-
term period could be a result of all listed above late effects of
radiation exposure.

The paper reports preliminary results of the peripheral
blood HSC pool and progenitor cell assessment in chronically
exposed residents of the villages located along the Techa River
over a long-term period after the onset of exposure. Peripheral
blood CD34+ cell counts were defined in chronically exposed
individuals 60 years after the beginning of the exposure
against a background of involution changes. Earlier, high
levels of unstable chromosome aberrations in peripheral blood
lymphocytes, which could not be explained by the dose from
current exposure, were observed in residents of the villages
located along the Techa River during assessment, performed
over a long-term period [13].

The detected dose-dependent decline in peripheral
blood CD34+ cell counts in individuals, exposed in utero
and postnatally, could be due to radiation-induced damage
to the HSC pool precisely during the period of embryonic
development, being the most sensitive to ionizing radiation
exposure [14]. Meanwhile, lack of age-related changes in
peripheral blood HSC and progenitor cell counts in this group
could be explained by age range of individuals, exposed in utero
and postnatally, inadequate (five years only) for establishing the
relationship. It should be noted that in the group of individuals
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