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p-53 expression in cells
of chronic inflammatory focus
àt tîtàl lîw dîså-ràtå γ-irradiàtiîn
Åêñïðåñ³ÿ ð53 ó êë³òèíàõ îñåðåäêó õðîí³÷íîãî
çàïàëåííÿ ïðè çàãàëüíîìó ãàììà-îïðîì³íþâàíí³
ç ìàëîþ ïîòóæí³ñòþ äîçè

Öåëü ðàáîòû: Èçó÷åíèå çàâèñèìîñòè ýêñïðåññèè ð53 îò
äîçû â ðàçëè÷íûõ òèïàõ êëåòîê î÷àãà õðîíè÷åñêîãî âîñïàëåíèÿ
ïðè îáùåì ãàììà-îáëó÷åíèè ñ ìàëîé ìîùíîñòüþ äîçû.
Ìàòåðèàëû è ìåòîäû: Èññëåäîâàíèå âûïîëíåíî íà 96 êðûñàõ-ñàìöàõ ëèíèè Âèñòàð. Õðîíè÷åñêîå âîñïàëåíèå áûëî èíäóöèðîâàíî èíúåêöèåé ðàñòâîðà êàððàãåíåíà â ïðåäâàðèòåëüíî
ïîäãîòîâëåííûé ïîäêîæíûé âîçäóøíûé ìåøîê. Îáëó÷åíèå
âûïîëíÿëîñü ê 3-ìó è 7-ìó äíþ âîñïàëåíèÿ â äîçå 0,1, 0,5,
1,0 Ãð, ìîùíîñòü äîçû 20 ìÃð/÷àñ. Ýêñïðåññèÿ ð53 îöåíèâàëàñü
ïðè ïîìîùè èììóíîãèñòîõèìè÷åñêîãî àíàëèçà â ìàêðîôàãàõ,
ëèìôîöèòàõ è ôèáðîáëàñòàõ.
Ðåçóëüòàòû: ð53 ýêñïðåññèðóåòñÿ â âîñïàëèòåëüíûõ êëåòêàõ äàæå áåç îáëó÷åíèÿ, âîçìîæíî, êàê ðåàêöèÿ íà ïîâðåæäåíèå ÄÍÊ ìåäèàòîðàìè âîñïàëåíèÿ èëè äëÿ î÷èùåíèÿ ïóòåì
àïîïòîçà î÷àãà âîñïàëåíèÿ îò êëåòîê, êîòîðûå âûïîëíèëè ñâîþ
ôóíêöèþ. Ýêñïðåññèÿ ð53 óâåëè÷èâàëàñü ñ óâåëè÷åíèåì äîçû
ãàììà-îáëó÷åíèÿ âî âñåõ èññëåäîâàííûõ òèïàõ êëåòîê î÷àãà
âîñïàëåíèÿ ïðè âñåõ ñðîêàõ îáëó÷åíèÿ; äîçà 0,1 Ãð íå ïðèâîäèëà ê ñòàòèñòè÷åñêè äîñòîâåðíûì èçìåíåíèÿì èíòåíñèâíîñòè
ýêñïðåññèè ð53, ïî ñðàâíåíèþ ñ êîíòðîëåì, äëÿ âñåõ òèïîâ êëåòîê âî âñå ñðîêè îáëó÷åíèÿ.
Âûâîäû: Ïîëó÷åííûå â ðàáîòå íèçêèå çíà÷åíèÿ ýêñïðåññèè
ð53 ïðè äîçå 0,1 Ãð îòðàæàþò íèçêèé óðîâåíü àêòèâíîñòè ñóïðåññèè îíêîãåíà ïî îòíîøåíèþ ê âûñîêîé ïðîëèôåðàòèâíîé
àêòèâíîñòè è àêòèâíîñòè ïåðåêèñíîãî îêèñëåíèÿ â î÷àãå âîñïàëåíèÿ ïðè òåõ æå äîçàõ. Òàêèì îáðàçîì, ìîæíî ïðåäïîëîæèòü,
÷òî îíêîãåííûé ïîòåíöèàë õðîíè÷åñêîãî âîñïàëåíèÿ ìîæåò
áûòü ìàêñèìàëüíî ðåàëèçîâàí ïðè äîçå îáëó÷åíèÿ 0,1 Ãð.
Êëþ÷åâûå ñëîâà: õðîíè÷åñêîå âîñïàëåíèå, ãàììà-îáëó÷åíèå
ñ ìàëîé ìîùíîñòüþ äîçû, ýêñïðåññèÿ ð53.

Purpose: To study dose dependence of p53 expression in various
types of inflammatory cells at total low-dose γ-irradiation.
Material and Methods: The study was performed on 96 male
Wistar rats. Chronic inflammation was induced by injection of
carrageenan solution into previously prepared subcutaneous air
pouch. Irradiation was performed by day 3 and 7 of inflammation
at doses of 0.1, 0.5, 1.0 Gy, dose-rate 20mGy/h. p53 expression was
estimated with immunohistochemical assay in macrophages,
lymphocytes, and fibroblasts.
Results: p53 is expressed in the inflammatory cells even without
irradiation, probably, as a response to the DNA damage by mediators of inflammation or for cleansing of the inflammatory focus
from cells, which completed their function, by apoptosis; p53
expression increased with the dose of γ-radiation in all investigated
types of inflammatory cells at all used terms of inflammation; the
dose 0.1 Gy did not lead to statistically significant changes of p53
expression intensity in comparison to controls for all cell types at
all terms of inflammation.
Conclusion: The low value of p53 expression at dose 0.1 Gy
shows obtained in this study low level of oncogen suppression
activity in respect of high proliferation and peroxidation activity
in the inflammatory focus at the same dose. Thus, it can be
supposed, that oncogenous potential of chronic inflammation can
be realized to the most at irradiation with dose 0.1 Gy.
Key words: chronic inflammation, low-dose γ-radiation, p53
expression.

Inflammation has long been associated with the
increased risk of cancer. This is particularly valid
for chronic inflammation, which is characterized by
intensified cell proliferation and considered a preneoplastic condition. Over the last decade it has
been clearly de monstrated in humans and in
animal models that inflammation, especially in its
chronic form, significantly contributes to the neoplastic transformation [1, 2]. At the same time a
lot of statistical data, concerning radiation
carcinogenesis have been accumulated, as well as
molecular mechanisms of DNA damage and
repair from ionising radiation have been examined
by the present moment of time [35]. However,
little is known about the interaction of lowintensity irradiation and chronic inflammation in
mutagenesis. This proble m is especially important

for Ukraine, Belarus and Russia after Chernobyl
accident [35].
According to Ames et al. [6], mutations in
several critical genes, such as the p53 tumor suppressor gene, can lead to tumors. Damage to the
DNA constituting these genes by reactive oxygen
species (ROS) may contribute to mutagenicity.
More rapidly dividing cells would be most prone
to errors in DNA replication and repair,
particularly at key regulatory sites (e.g., tumor
suppressor DNA regions) [7]. In turn irradiation
also leads to DNA damage with the possible
following oncogenous transformatiîn. Part³culàrly, it concerns the effect of low-rate (chronic)
γ-radiation, which is considered to be the most
harmful, and namely this kind of radiation influenced people living on radiation contaminated
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territories and produced high rate of radiationinduced neoplasia [35].
The aim of this study was to determine the level
of p53 expression in the inflammatory cells at lowdose γ-irradiation. It makes possible to estimate
cellular response to DNA damage and to foresee
the cell fate: either cell division block up to
apoptosis or possible oncogenous transformation.
Materials and Methods
The carrageenan-induced air pouch-type granulomatous
inflammation served as a model of chronic inflammation.
Ninety-six male Wistar rats weighing 180-200 g, were
lightly anesthetized with diethyl ether and 12 ml of sterile
air were injected SC in the back to make the air pouch oval
by shape. Thirty hours later, 2 ml of a 0.5% (weight to
volume) solution of carrageenan in PBS were injected into
the air pouch at light diethyl ether anaesthesia. The
carrageenan solution was sterilized by autoclaving at
121oC for 15 min [8].
For exposing the rats to gamma-radiation gammairradiator OB-6 ( 137Cs, 20 Ci, 14.3 µGy/sec at 1m,
Germany) was used. Doses of 0.1, 0.5, and 1.0 Gy were
delivered within 4.8, 24, and 48 hours, accordingly.
Irradiation was performed at days 3 and 7 of inflammation
that corresponds to peaks of macrophage and fibroblast
proliferation, accordingly. One part of animals was
sacrificed immediately after irradiation to investigate the
immediate effect of radiation. Another part was sacrificed
some time later after irradiation to investigate the delayed
effect of radiation, namely 4 days later for animals
irradiated at day 3 of inflammation and 7 days later for
those irradiated at day 7 of irradiation.
The animals were sacrificed with diethyl ether. The rats
were treated in accordance with the procedures approved
by the Institute of Laboratory Animal Resources,
Commission of Life Sciences, National Research Council,
USA, and Public Health Service Policy on Human Care and
Use of Laboratory Animals, Office of Laboratory Animal
Welfare, National Institutes of Health, USA.
Granuloma tissue was excised with a scalpel and fixed in
10% neutral buffered formalin for 24 h. Fixed tissues were
washed in PBS solution, dehydrated through a graded
series of ethanol (70-100%), cleared in xylene, embedded
in paraffin, and sectioned (5 mcm).
For p53 estimation primary antibody (Dako Mouse Antip53 PAb240) and DakoCytamotion EnVision+ Dual Link
System-HRP (DAB+) were used [10]. After deparafination
and hydration tissue sections were rinsed in PBS and
heated at 95 °C in DakoCytamotion Target Retrieval
Solution for 30 min. After rinsing in PBS, Dual
Endogenous Enzyme Block was applied on slides for 10
minutes to deprive endogenous peroxidase with following
rinsing in PDS for 5 min. Then primary antibody at 1:100
dilution was applied with the following incubation for 30
minutes at room temperature. After double rinsing slides
in PBS for 5 min each, Peroxidase Labelled Polymer was
applied followed by incubation for 30 min at room
temperature. After double rinsing slides in PBS for 5 min
each, Substrate-chromogen was applied for 10 min
followed by rinsing in distilled water, counterstaining
with Mayers hematoxylin for 30 sec and coversliping.
Microscopic study was performed with the use of
microscope «Olympus» BX51. [p53 positive cells/total
cells] x1000 was taken as the p53 index.
Non-paired Student test was used for statistics. A p value
less than 0.05 was considered statistically significant.
SPSS 10.0 was used for all statistical calculations.
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Results and Discussion
In Fig. 1 the dose-dependencies of p53 expression intensity in various types of inflammatory
cells are presented for animals, which were irradiated on day 3 of inflammation. Fig. 1a
corresponds to immediate radiation effect;
Fig. 1b corresponds to delayed radiation effect,
where sacrification was performed 4 days later
after irradiation completion. As it can be seen
from Fig. 1a, p53 expression for immediate
radiation effect is observed for all three types of
the cells. However, it is more expressed in macrophages and lymphocytes. It is known to occur
because day 3 of chronic inflammation in this
model corresponds to maximum of macrophage
and lymphocyte reaction [9]. p53 expression is
significantly increased only at doses 0.5 and 1.0
Gy in comparison to control in all types of inflammatory cells. It is interesting to note that in
controls and at a dose of 0.1 Gy p53 expression
is completely absent (it can be also explained by
low proliferative activity of fibroblast on day 3 of
inflammation [9]), while at doses of 0.5 and 1.0
Gy p53 expression increases with dose.
Without irradiation (in the controls) p53
expression is observed in macrophages and lymphocytes at immediate sacrifiction as well as at
delayed sacrification. As it is known inflammation
itself can result in activation of p53 expression by
two mechanisms: 1) as response to DNA damage
by mediators of inflammation (e.g. ROS); 2) as
a link îf àpîptîs³s, st³pulàtåd by completion of
inflammatory cell functioning in the inflammatory
focus. The first mechanism probably determines
p53 expression in the controls, which is caused by
oxidative explosion in macrophages and can be
seen in Fig. 1a. The manifestation of the second
mechanism is seen in Fig. 1b for macrophages and
lymphocytes in term, corresponding to the ending
of their reaction (day 7 of inflammation). At
irradiation p53 expression is significantly increased with dose at day 3 of inflammation for both
immediate and delayed cases only at doses of 0.5
and 1.0 Gy. As for fibroblasts, on day 7 of inflammation (Fig. 1b), when their reaction reaches
maximum, p53 expression is observed at all doses
as well as in the controls and it increases with the
185

Fig. 1. γ-radiation dose dependence of p53 index in the inflammatory cells. Irradiation was performed on day 3 of inflammation
induction. a  immediately after irradiation; b  day 7 of inflammation induction (day 4 of irradiation). Asteriscs indicate statistical
differens with control

Fig. 2. γ-radiation dose dependence of p53 index in the inflammatory cells. Irradiation was performed on day 7 after inflammation
induction. a  immediately after irradiation; b  day 14 after inflammation induction (day 7 after irradiation)

dose, however, the increase at dose 0.1 Gy in
comparison with control is not statistically significant as for the other cell types.
In Fig. 2 the dose-dependence of p53 expression is presented for animals, which were
irradiated on day 7 of inflammation. Fig. 2a
corresponds to immediate radiation effect; Fig.
2b corresponds to delayed radiation effect, where
sacrification was performed 7 days after irradiation completion (day 14 of inflammation).
In both cases p53 expression is increased with the
dose for all types of the inflammatory cells. As
before, the dose 0.1 Gy does not influence p53
expression for all the cell types at all terms of
inflammation. For higher doses (0.5 and 1.0 Gy)
positive dose-dependence is observed. As in
186

previous cases, lymphocytes production p53 was
highest. It should be åmphasized that high values
of p53 expression in the controls are probably
connected with inflammatory focus cleansing from
macrophages and lymphocytes on day 7 (Fig. 2a)
and from all inflammatory cells on day 14 of
inflammation (Fig. 2b).
Thus, the following conclusions can be drawn:
p53 can be expressed in the inflammatory
cells even without irradiation, as a response to
the DNA damage by mediators of inflammation or for cleansing of the inflammatory
focus from cells, which completed their function
by apoptosis. The intensity of p53 expression
depends on the type of the cells and on the
terms of inflammation;
ÓÐÆ

p53 expression increases with the dose of
γ-radiation in all types of inflammatory cells at all
terms of inflammation;
the lowest dose (0.1 Gy) does not produce to
statistically significant changes of p53 expression
intensity in comparison to control for all cell types
at all terms of inflammation.
According to previous data [11] radiation dose
0.1 Gy increases proliferation of fibroblasts and
macrophages more then higher doses (0.5 Gy and
1.0 Gy), màk³ng thåm mîrå l³àble to rad³àtion
mutation. At the same time che miluminescence
àssàó råvåàlåd h³gh àct³v³tó îf l³p³d pårîx³dàt³în
processes at 0.1 Gy, especially at irradiation on
day 7 of inflammation, which may point to high
probability of DNA damage [12].
Conclusion
Obtained in this study low value of p53
expression at a dose of 0.1 Gy shows low level
of oncogen suppression activity in respect of high
proliferation and peroxidation activity in the
inflammatory focus at the same dose. Thus, it can
be supposed, that oncogenous potential of chronic
inflammation can be fulfilled to the most at
exposure to a dose of 0.1 Gy.
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