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Abstract
Early changes of immune parameters in children evacuated from 30-km zone were
characterized by E-rossette forming cells decrease and E-receptor non-stability in theophylline
assay, surface Ig changes. Immunological follow-up of children inhabitants of territories
contaminated with radionuclides after Chernobyl accident revealed TCR/CD3, CD4 and MHC
II changes with the signs of immune systems non-specific activation and Gl/S-cells increase in
CD3+, CD4+, CD57+ subsets, REL-2, TrR expression and calcium channel activity. PMNC
percentage with cortical thymocyte phenotype ( CD1+, CD4+8+) was elevated during the first
years after the accident and seemed to be of a compensatory origin. Combination of
heterogenic activation and suppression subset reactions and changes in fine subset (Thl/Th2 )
organisation were suggested. Adaptive and compensatory reactions were supposed and
delayed hyper sensitivity reactions increase, as well.

Early and late effects in children were one of the keypoints in the immune system
studies after the Chernobyl accident [ 1, 2 ]. Marked irradiation levels differencies and
combinations of external irradiation with radionuclide incorporation were shown in those
evacuated from Prypjat and 30-kilometer zone, irradiated in utero and during the 1st year of
their lives, children born from the parents who had participated in clean-up works,
contaminated territories and Kiev population. Early changes of immune parameters in children
evacuated from 30-km zone were characterized by E-rossette forming cells decrease and E-
receptor non-stability in theophylline assay, serum Ig A, G and M changes [ 2 ]. Data were
controversary in different hospitals because of different investigation techniques and
control groups. Adaptive and compensatory reactions were supposed on the basis of
cytochemical studies and hypothesis of specific "Chernobyl" syndrome as well [3]. Clonal
selection and proliferation of radioresistant cells with the final radiosensitivity decrease on the
system level [4,5] were discussed earlier and the absence of negative effects below the 0,35 Sv
per life dose accumulation level.

Two thousand eight hundred and ninety samples from 1050 children who lived in
Zhitomir (Ovruch, Narodichi) and Kiev ( Gomostajpol) regions, Kiev and Slavutych were
studied between 1988 and 1997. Clinical investigation and laboratory data analysis were
performed with the help of standartized criteria. Radionuclide contamination levels were in 407
- 1120 GBq per sq.km limits in investigated regions, and in 20,5 - 50 GBq per sq.km limits in
control. Immune cells differentiation and activation changes were studied by flow cytometry.
In 1988 only indirect immunofluorescence studies were performed with visual detection on
fluorescent microscope with mercury arc lamp. From 1989 subset analysis was performed by
means of flow cytometry on FACStar PLUS cell sorter ( Becton Dickinson, Mountain View,
CA ). Monoclonal antibodies ( MtjAbs ) were obtained commercially from Becton Dickinson
(CA, USA ). IMK, IMK Plus, Simulset kits were used for immunophenotyping in two-color
assay. Moabs and Anti-human immunoglobulin-FITC ( Boehringer ) were used with propidium
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iodide (PE, Sigma) in DNA-cytometry. Intracellular antigen deposition was determined after
incubation with PermeaFIX (Ortho)

DNA staining list mode data were analysed with the help of FACStar PLUS software
with separate subsets histograms G0-G1, M-pikes and S-phase region estimation [9,10]. For
anaslysis with "DNA" software a preliminary subset data file dividing was performed with
"Paint-a-Gate" multicolor graphics software. FACScan analyzer was used parallely since 1993
with HP340 workstation and LYSYS II and CELLfit software.

Subset analysis showed in 1988 - 1990 a significant decrease of T-cell content in
children inhabitants of the contaminated territories. Marked differences were seen also in
CD2+ population (50,0 + 0,9 % in children from contaminated territories, 63,8 + 1,1% in
control group, P < 0,05 ). CD4+ cell count didn't differ in 1988/89, and starting from 1990 a
tendency to decrease was shown.As for the CD8+ subset a marked decrease was detected in
1989 with a tendency to normalisation in 1990. This effect was characteristic for Leu2a+3a-
cells as well as for Leu2a+7- subset.

One can think that the integral functional reaction of the immune system to non-lethal
irradiation isn't the result of parralel cell changes but the combination of heterogenic
activation and suppression subset reactions, i.e. CD4+ cells activation limit is considered to be
0,01 Gy, and CD8+ cells inhibition are seen at 0.2 Gy [4,5]. Immunologic parameters normal
ranges estimation in this new situation is closely related to immunologic deficiencies and
onco-hematological pathology diagnosis, especially when the question of treatment with
thymic derivatives or growth factors is considered to be of beneficial effect.

Certain immune system changes which were reported previously showed E-receptor
positive cells decrease with serum immunoglobulin content deviations [ 6,7 ]. Tendencies of
partial normalisation of E-rossette forming cells percentage were seen in 100 Prypjat children
evacuated to Belaya Cerkov city ( Kiev region ) after sanatory rehabilitation . Minimal T-cell
figures associated with normal EAC-forming cell content were shown in elderly boys
evacuated to Harkov [8]. In some speculations prominent T-cell changes with T-suppressor
inhibition are thought to be related with immune complex pathology [8]. A significant decrease
of CD2+, CD3+, CD4+ cell con- tent and CD4+/CD8+ ratio associated with HLADr+ and
alpha-chain of LFA positive cells content was revealed in 26 children from Brjansk (1987) and
30 from Zhitomir (1989), but all figures were within nor- mal ranges of deviation [8].

A slow tendency for normalisation was revealed in cytotoxic and NK cells. Parallel
investigation with Moabs to HLA-Dr ( ICO-1, anti-HLADR , OKIa) showed no differences
but most of cells were Leu4+ and Leu4- cell quantity decreased. These data didn't correlate
with the results of B-cell surface immunoglobulins. CD10+(CALLA) cell count in investigated
groups varied, but mean figures elevation was seen in 1989. These patients were at first
considered as a group of a high risk of leukemia, and a sophisticated diagnostic assays were
performed in the Department of Pediatric Haematology. Signs of haemopoetic and immune
systems non-specific activation were detected but none of leukemia. CD10+ positive cells
showed a low fluorescence intensity. During 1990-1992 a decrease of CD 10+ cell count was
revealed in this group. Interleukin-2 receptor positive PMNC count varied ( 0,89 + 0,18 %,
0,21 + 0,36% in control, P >0,05 ), Transferrin-receptor positive cell count decreased ( 2,38
+0,57 %, 6,69 + 0,52 % in control; P < 0,05 ). CD1+ cell content was found to be increased (
1,9 + 0,4% in exposed group, 0,9 + 0,1% in control, P < 0,05 ), as well as double stained
CD4+8+ cell percentage. During 1991 - 1992 immunophenotype was studied in 393 children,
225 were bora in 1981 - 1986 and 168 in 1987-1992 . Deviations in T-cells subsets were
shown, a low CD4+8-/4-8+ ratio, was characteristic for 26%. The percentage was out of
normal range. At the age from 1 to 5 years the frequency of lower ratios was two-fold higher
(44,5%); Lower figures were associated with the high CD8+ values.
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Correlations were shown between the Enkephalin receptor expression and elevated DNA
nonreplicative synthesis, related changes in Leu4, Leu3a, TrR cell proportions and antigens
expression, dysproportion of non-speciphic mitogens and allergens responce decrease detected
by means of DNA-cytometry and migration inhibition assays and elevated cells counts on the
early stages of activation. To our opinion these were the signs of T-cell activation and showed
functional possibilities. This suggestion is confirmed by 3H-TdR uptake studies in this
laboratory.

In Kiev children who were considered to be the control group a low CD3+ cell count
was detected beginning from the age of 6 years. In children who were born in 1985 a
significant decrease of CD3 antigen fluorescence intensity was showed on CD4+ and CD8+
cells, those who were born after 1987 showed lesser deviations.

Difficulties of obtained data comparison and summation to obtain the whole picture of
ionizing radiation effects on immune system in child are enlarged to our mind by methodologic
assays aspects and control group differencies. Prospective studies are the only way to valuable
achievements. I.e. immune status investigation of 56 exposed children from Luga and 43 from
Radomishl ( control group ) districts of Zhitomir region in 1989 showed in exposed group T
and B-cell content decrease as comparing not only with control group but with previous study
in 1988. A stable immunologic deficiencies formation was reported in children who had
showed transitory changes in 1988. Similar changes were seen during this investigation.
Various speculations could be made about the nature of cellular changes after continious
low level irradiation. Peripheral PMNC changes seem to be related with the age at the moment
of accident. Cell activation and differentiation deviations were the frequent event. PMNC
percentage with cortical thymocyte phenotype (CD1+, CD4+8+) was elevated and according
to Beverley ( 1986) [9] was considered to be of a compensatory origin .

The data obtained during the 10 years of patients follow-up could be explained by the
adaptatin process. Additional confirm was obtained after apoptosis studies which is supposed
to be the important self-regulation factor of the cellular population. A significant increase of
CD95+ cells was detected in almost all of the investigated the groups. These findings
coinsided with the detected increase of apoptotic bodies by image analysis.

Most of the patients showed in this study a two-fold TCR abberant CD3-4+ cell
content increase suggesting some stem cell alterations. The implementation of recently
developed biological dosimetry assays shows now the way to connect late non-stochasic
immunologic effects with irradiation. A significant decrease of variant cells counts was seen in
1991-1995 in the groups of children evacuated from Pripjat and the inhabitants of controlled
territories. Dose -effect curves and two- years mutations half-life period were the signs of the
insignificant new irradiation loads. From 1996 a slow increase of TCR.-CD4+ cells was shown
in the group of inhabitatnts of contaminated territories. The decrease of the nutrition control
and the increased radionuclide incorporation due to the contaminated foods ingestion were
considered to be the main purpose and this fact semmed to be of the first line problems due to
scientific and practical importance. Other flow cytometric assays could help in testifying of this
suggestion [10]. A thorough investigation is needed in such cases with the estimation of
activation and differentiation changes and especially of CD69, TrR, IL-2R and CALLA-
expression elevation. Prognostic valuability of this data will be the topic of future study and
estimation.
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