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Comparative analysis of immunoglobulins in case of combined exposure of
dust-radiation factors at remote period

Abstract: One of the most radiosensitive functions of human and animals body is immunological
reactivity. A characteristic feature of the radiation exposure is the long-term preservation of damages
in individual links of the immune system and associated remote effects and complications. Recently,
particular interest is the combined effect of radiation and non-radiation factors on the immune
system. In our example, coal dust and various doses of radiation in a remote period had been
considered. The aim of this research was to study the effect of low and sublethal doses of irradiation
and coal dust, as well as in separate and in combined effects to the immunoglobulin indices in animals
in experimental conditions at remote periods.

Six series of experiments had been performed on 60 male rats of Wistar line: group I - intact,
group II - rats that inhaled coal dust, group III — exposed to gamma irradiation in a dose 0.2 Gy,
IV — exposed to gamma irradiation in a dose of 6 Gy, V group — experienced the combined effect
of low dose of radiation and coal dust, VI group - exposed to the combined effect of sublethal dose
of radiation and coal dust. Analysis of the researsh results showed that rats exposed to combined
dust-radiation factor at remote period had significant changes, which were characterized with the
decrease of Ig A and Ig G and increase of Ig M. Ionizing radiation in combination with coal dust at
the remote period had more apparent effects, and dominant agent was ionizing radiation.

Keywords: radiation, coal dust, immunoglobulins, remote period, combined effect

Introduction. Essential factor of environmental pollution in certain regions of Kazakhstan is
connected with nuclear weapons tests, which were carried out on the territory of Semipalatinsk,
Pavlodar and Karaganda regions that covered the territory of 18,500 km 2. More than 450 powerful
nuclear tests had been carried out for 40 years in Semey nuclear test site. In comparison with
Hiroshima, the power of nuclear weapons had exceeded 2.5 thousand times [1,2]. Regardless the fact
that the test site had been closed 25 years ago, people, who were born in the period of radiation
tests and received different doses of radiation, still live and work in these regions. Ionizing radiation
at different doses at remote period leads to significant health disorders, especially the oppression
of congenital and acquired humoral and cellular immunity [3]. Radiation irradiation of the whole
body at doses >2 Gy causes various clinical symptoms, higher doses can be so severe that they
become life-threatening. The most dramatic effects of radiation exposure were caused by nuclear
weapon explosions [4]. The effects of high dose of radiation lead to late and secondary polyorganic
deficiencies, activate the systemic inflammatory response [5].

It was shown in animal experiments that radiation damages increased in doses from 2 to 10 Gy,
which led to severe hematopoietic damage, and in some animals the chances of survival were quite
small [4]. Low dose of radiation causes genetic changes, oncogenesis, as well as physiological changes
with decreased immune system [6] and increased cellular stress [7]. On the other hand, low dose of
radiation induces biopositive and bionegative effects, thereby reducing carcinogenesis, prolongs life
expectancy and enhances fertility [8,9,10].

Kurjane N. and his colleagues evaluated people who received a low dose of radiation during the
liquidation of the consequences of the Chernobyl Atomic Power Station. After 10-14 years the level
of IgM in workers was increased, and vice versa, IgG was reduced [11]. Decreased levels of IgA, IgM,
IgG were detected [12, 13] in another research work which conducted among radiology employees
exposed to low dose of radiation for a long time.

Coal mining is an important branch of the world and prolonged inhalation of coal dust during
production causes pneumoconiosis, silicosis and respiratory diseases, which are occupational diseases
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of the respiratory system of miners [14,15,16]. High concentrations of coal dust in the organism
cause changes at the molecular, cellular and histopathological level [17]. Clinical and experimental
studies of Fomenko D.V. and his colleagues showed a change in immune reactivity in animals with
prolonged exposure to coal dust, thereby causing a chronic inflammatory process [18|. Athracosis
- slowly developing lung fibrosis, may develop occasionally in people who constantly encounter free
silicon oxide, for example, in the mining and recycling of mountain ores, while not taking adequate
measures to protect themselves from dust. It is also necessary to take into account the peculiarity of
the Karaganda region, which suffered from the former Semipalatinsk nuclear test site. The problem
of the combined effect on the organism of ionizing radiation and production factors (dust with a high
content of free silicon oxide) has been studied extremely insufficiently. In the some of literatures
has date information about the effect of gamma radiation [19,20,21], and occupational dust on the
body separately [22,23]. The working conditions of workers in coal production are characterized by
a complex of the most unfavorable factors of the production environment, which needs further study
with the aim of developing health-improving measures, especially with the altered immune reactivity
of the organism (as the long-term consequences of gamma radiation).

That’s why, all of the above is the basis for studying the immunological indicator, in particular
immunoglobulins and altered immune reactivity (the long-term consequences of gamma radiation) of
the organism on harmful effects production aerosols (free silicon oxide - coal dust). The aim of this
work is to study effects of low and sublethal radiation doses and coal dust as well as in individual
and combined effects in the long-term period on the amounts of immunoglobulins in animals in case
of experimental conditions.

Materials and methods

Experimental animals. Experiments on animals were carried out in accordance with the re-
quirements of the Geneva Convention (1990) and the Helsinki Declaration on the Humane Treatment
of Animals and Ethical Standards of the Local Ethics Committee (protocol extract of the local ethics
committee of the State Medical Academy of Semey town, Protocol No. 2 of November 18, 2016).

To achieve of the setting goal experiments were conducted on 60 white laboratory male rats of
the Wistar line, weighing 220 4+ 20 g, which were divided into 6 groups: I group - intact, II group -
rats that inhaled coal dust of an average concentration of 50 mg/m3 in a seeding chamber daily (4
hours per day) for 12 weeks, III group - exposed to gamma irradiation at dose of 0.2 Gy, IV group -
exposed to gamma irradiation at a dose of 6 Gy, V group - experienced combined effect of low dose
of radiation and coal dust, VI group - experienced the combined effects of sublethal dose of radiation
and coal dust.

Gamma Irradiation. The animals were once irradiated 90 days before the research at the
radiotherapeutic apparatus TERAGAM Co60 (produced by ISOTREND spol. s.r.o., Czech Repub-
lic). Prior to the exposure, there was topometric and dosimetric preparation of the experimental
animals. To this end, the object was placed on an isocentric therapeutic desk of Terasix X-ray
simulator (Czech Republic), which is similar to the therapeutic desk of the - irradiator by its
construction and parameters. After displaying on a screen, the image slices of the irradiated an-
imals were directly input in the planning system through a computer network connection using a
digitizer. Isodoses were calculated using the “PlanW-2000” planning software, and the topometric
and dosometric map with technical parameters and planned radiation doses was obtained. The an-
imals underwent exposure to whole-body < -radiation in a single dose 0.2Gy: SSD — 97.2 cm, SAD
-100,0 c¢m, 40x40 cm field, t=13 sec, in a single dose 6Gy: SSD 97.2 cm, SAD 100.0 cm, 40 x 40 cm
field, t=352 sec (SSD is the distance from the source of ionizing radiation in the apparatus to the
conditional centre of the irradiated abnormal focus; SAD is the distance from the ionizing radiation
source to the nearest surface of the irradiated object). During the exposure, animals were placed in
a specially engineered organic glass cage, each rat in an individual compartment.

Inhalation exposure by Coal Dust. Inducing anthracosis in rat models using a specific in-
halation exposure chamber. The experimental animals were placed into cone-shaped compartments,
with their vertices attached to the side walls of the exposure chamber. The inhalation exposure
device allowed to uniformly disperse the coal dust in the breathing area and maintain the required
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dust concentration in the chamber with the help of an automatic analyzer. Coal dust used in the
experiment was preliminary comminuted on a vibratory disintegrator. The final disintegration to
the fractions, similar to aerosol dispersion in the working zones air, was performed manually in an
agate mortar.

Measurement of immunoglobulins. IgA, IgM, IgG immunoglobulin content was determined
in all animals by radial immunodiffusion on agar gel according to Mancini [24]. The obtained results
underwent statistical analysis differences were estimated using Student’s t-test.

Results and discussions. The results of studies are shown in Table 1, which shows that the
concentration of IgA in the peripheral blood is increased to 4.33 £+ 0.44 (p < 0.05) after exposure
to coal dust. In animals irradiated with ionizing radiation at dose of 0.2 Gy, on the contrary,
the concentration is significantly reduced, when compared with the second group, where the IgA
content of those exposed to low dose of radiation showed 2.96 + 0.15 (p < 0.05). Under the action
of a sublethal dose of radiation, the level reached 1.65 £+ 0.17 (p < 0,001), which tends to decrease
by 2 times, in comparison with the first group. The same case was observed with IgG, but more
pronounced changes in indicators. In coal-struck animals, IgG concentration was almost 2 times
higher than the control values, comparing with the indicator 8.89 +0.68 (p < 0.05). In animals in
the groups III and V, after radiation exposure with low and sublethal dose, the IgG level rapidly
decreased from 2.34 + 0.42 (p <0.05) to 2.0 + 0.13 (p <0.01) or almost 2.5 times compared with
the first group.

TABLE 1 — Indicators of immunoglobulins (Ig) in exposed animals in case of separate exposures of low,
sublethal radiation dose of coal dust in the long-term period (90 days)

Ne | Indicator | I group IT group I1I group IV group
Control Coal Dust ~-radiation 0,2Gy | v-radiation 6Gy

1 Ig A g/1 3,31+0,30 4,33+0,44 * | 2,964+0,15 ° 1,650,173 000

2 |IgMg/l 4,2740,30 4,36+0,34 3,30+0,35 * © 5,93+0,28 ** ©

3 |1gGg/l 5,27£0,72 8,80+0,68 * | 2,34+0,42 * ©° 2,040,13 ** 000

Note: Differences from group I are statistically reliable: * - p<0,05, ** - p<0,01, ***- p<0,001.
Differences from group II are statistically reliable: © - p<0,05, °° - p<0,01, °°° - p<0,001.

As for the level of IgM, in the II group, i.e. in animals after the coal seed, no significant changes
are observed, compared with the intact group. Under the influence of gamma irradiation at dose
of 0.2 Gy, the concentration of IgM was reduced in comparison with the indication of group I from
4.27 £+ 0.30 to 3.30 = 0.35 (p <0.05). In turn, the sublethal dose of ionizing radiation activated
the production of IgM, which increased the concentration to 5.93 £+ 0.35 or 1.4 times (p < 0.01).

Next, the combined effect of coal dust and ionizing radiation (small and sublethal) was studied
in the long-term period on the level of immunoglobulins in two groups (Table 2).

In animals with the combined effect of coal dust with low and sublethal dose, i.e. in the V and
VI groups, an opposite trend was observed in the content of immunoglobulins compared to each
other. It is necessary to note a special change in the level of IgM, which is significantly higher in
comparison with immunoglobulins A and G, where the ratio of IgA, IgM, IgG is about 1: 5: 3.
IgM level did not differ significantly with the combined effect of coal dust and low dose of radiation,
With the combined effect of coal dust and sublethal dose of radiation, an indicator of 6.15 + 0.68
(p <0.01) was established, which is increased by 37-44% compared to the other groups.

As for IgA and IgG, with the combined effect of dust-radiation factor, their content in the blood
serum is significantly reduced in comparison with other groups. If we compare the combination
of coal dust with low dose and sublethal dose of radiation, then when combined with low dose,
the IgG concentration is 4.70 + 0.32 (p <0.01), which showed a difference of 2.1 times. This is
more than combination of coal with high radiation dose, which in turn shows significant decrease in
concentration with respect to the intact group. It should be noted the comparative indicator of the
combined effect of coal dust and radiation with indicators of group II, in which the IgG concentration
was increased by almost 47.1% (8.89 + 0.68, p < 0.05) compared to the group V, and in the group
VI, ie, when coal was combined with sublethal dose of radiation, the indicators were reliably reduced
to 75.1% (2.21 + 0.19, p <0.001).
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TABLE 2 — Indicators of immunoglobulins (Ig) in exposed animals with combined effects of low and high
radiation dose and coal dust in the long-term period (90 days)

Ne | Indicator | I group II group V group VI group

Control Coal Dust Coal Dust+0,2Gy | Coal dust+6Gy -
~v-radiation radiation

T [TgAr/n | 3314030 | 4,3350,44 ¥ | 2,53%0,18 * 1,5240,10 *** 000

2 Ig Mr/n 4,2740,30 | 4,36+0,34 4,4940,34 6,1540,38 ** ©

3 |Ig Gr/n | 5,27+0,72 | 8,8050,68 * | 4,70+0,32 °° 9,2140,19 ** 000

Note: Differences from group I are statistically reliable: * - p<0,05, ** - p<0,01, ***- p<0,001.

Differences from group II are statistically reliable: © - p<0,05, °° - p<0,01, °°° - p<0,001.

If we compare the individual effect of low dose of radiation and its combination with coal dust,
then when combined, the IgG content decreased in 2 times. As for the comparative effect of sublethal
dose of radiation, which was acted on animals separately and combined with coal dust, there were
no significant changes between them.

The identical case was observed with IgA, in which the blood level was 1.7 times higher with the
combined effects of coal dust with low dose of ionizing radiation with respect to radiation at dose
of 6 Gy (1.52 £ 0.10, p <0.001). If we compare them with control animals, the IgA content in
their blood decreased from 1.1 times (group V ) to 2.4 times (group VI), which shows oppression of
IgA level in combined exposure to coal dust and radiation. It is necessary to note the comparative
data of IgA in the combined action of coal dust and ionizing radiation with other groups of animals
under study, where significant deviations in their level were detected. Comparative analysis of the
combined action of coal dust and radiation with separate effect of coal dust showed that in group V
there was pronounced suppression of production of IgA by 42% (2.53 + 0.18, p < 0.05), and in the
group VI, there was also significant decrease in IgA by 65% (1.52 + 0.10, p <0.001).

When assessing the individual effect of radiation in different doses, compared to them in combi-
nation with coal dust, IgA concentrations did not show any significant changes (8-14.5%).

According to the obtained data , there are significant changes in the state of the humoral link of
the immune system with respect to the combined effect of coal dust and radiation. IgA concentration
in blood serum was reliably reduced by the combined effect of coal dust with low dose of irradiation
by 23.6%, the lowest level was revealed when coal was combined with sublethal radiation dose to
54% compared to the control group. Animals exposed to radiation also showed tendency to decrease
the content of IgA in the serum of peripheral blood [25]. In the II group, i.e. in animals harvested
with coal dust, IgA is markedly increased. This is explained by the fact that serum IgA functionally
acts as the main protection on mucous surfaces, preventing the penetration of foreign material. In
patients with acute lung abscesses, its higher content is determined not by accident [26]. As for
IgG immunoglobulin, when it was exposed to coal, it increased significantly, in other cases there
was an active decrease in the level with respect to healthy animals, especially this can be explained
by the switching of production of IgG by B lymphocytes in patients with allergic diseases [27].
Radiation and combination of radiation with coal dust leads to the degradation of this class of
immunoglobulins up to 75.1%, which can be explained by the fact that IgG is about 75% of the
total amount of immunoglobulin, and its reduction proves the transition of the pathological process
to chronic. There is a slight change in IgG only in the group V.

Also, it is important to note that the level of immunoglobulin IgM had reliable tendency to
increase concentration in blood serum. Practically in all studied groups, except for the III group,
i.e. in irradiated animals with low radiation dose, a high IgM value was detected, especially when
combined exposure to coat dust and sublethal dose of ~-irradiation.

High level of IgM [28] was found in healthy individuals who lived for a long time in the Semi-
palatinsk region and were born before 1963. Characteristic feature of the increase inimmunoglobulins
in the blood are signs of the development of autoimmune reactions from effects of carbon-containing
dust, which in the next turn can lead to pneumoconiosis.

If we compare the concentrations of immunoglobulins with the combined effect of coal dust with
small and sublethal dose of radiation, then special changes are noticed. First of all, the combination
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of coal dust with low dose of radiation gave an indication closer to the control values, but different
from the combined effect of coal dust with sublethal dose. This is explained by the biopositive
property of low dose of radiation, which reduces the toxic properties of coal dust with combined
effect [29].

Secondly, we can note that in the late period there was significant oppression of the concentration
of immunoglobulins A and G in blood serum under the action of sublethal dose of gamma irradiation
alone and in combination with coal dust, and in turn IgM showed pronounced activation. Decrease in
the IgA and IgG content indicates immunodeficiency, which is accompanied by chronic inflammation
and high tendency to neoplasm with high irradiation with ionizing radiation. The tendency to
increase the concentration of IgM, which has the property of binding microorganisms, indicates the
readiness for rapid immune response. Significant increase in IgM content confirms this fact.

According to results of the study, it can be undoubtedly established that more pronounced acti-
vation of immunoglobulins (IgA and IgG) is observed after inhalation by coal dust, in comparison
with separate exposure to radiation in different doses. Similarly, there was an increase in IgA and
IgG levels and stable level of IgM in the work carried out among male workers in the coal mine,
which may have been systemic response of the body to dust particles [30]. In general, there was
tendency to lower levels of all immunoglobulins (IgA, IgM, IgG) only in group III. Decrease of IgM
level increases the resistance of B cells, but the body’s ability to resist infections decreases. Lowering
IgA and IgG complementary to IgM deficiency leads to immunodeficiency and forms autoimmunity
in group III of rats [31,32]. With regard to groups IV, V, VI, they demonstrated generalization of
IgM and content suppression of IgA and IgG. Increased level of IgM, reduced level of IgA and IgG
cause Hyper-IgM syndrome. In the most part genetic damage can cause hyperproduction of IgM,
the cause may also be infringement of B-cells [33,34]. Activation of humoral immunity occurs due
to an increase in the level of immunoglobulin M (IgM), which forms the primary immune respon
se to various pathogens. Thereby the humoral immunity [35] activates with inflammation of the
respiratory system and cancer diseases.

Conclusions. Thus, significant changes were detected in experimental rats subjected to com-
bined dust-radiation factor in the long-term period. Changes were characterized by decrease in IgA
and lgG and an increase in IgM. Ionizing radiation in combination with coal dust in the distant
period has more pronounced effect by the formation of the immunodeficiency syndrome. The domi-
nant agent in developing pathology was ionizing radiation in case of combined effect of two factors,
especially at high doses.
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CpaBHUTEJILHBIN aHAJIN3 UMMYHOIVIOOYJIMHOB IPU COYETAHHOM BO3AEMCTBUI MblLIb-PaJualMOHHOrO pakTopa B
OTAAJIEHHOM Iepuoie

Anvoranmsi:  Opsolt u3 Hambosiee pPagUOIYBCTBUTEIBHBIX (DYHKIUNA OpPraHM3Ma dYeJIOBEKA W YKUBOTHBIX SBJISIETCS
MMMYHOJIOTUYECKAsl PEAKTUBHOCTb. XapaKTEPHOW dYepTON paMalliOHHOIO BO3JEHCTBUS SABJISETCH JJIUTEJIbHOE COXPaHEHHE
MMOBPEXKIEHUI B OTHE/ILHBIX 3BEHbSIX CUCTEMbI UMMYHUTETA U CONPSI?KEHHBIX C HUM OTIAJIEHHBIX [TOCJIEICTBUI U OCoKHeHui. B
rocJjieJiHee BpeMsi 0COObIl MHTEPEC MIPECTABIISIET KOMOMHUPOBAHHBIE BO3IEICTBUS PAIMAIIOHHOTO U HEPAIUAIMOHHOTO (haKTOPOB
Ha IMMYHHYIO CHCTeMY. B HaleM npumepe pacCMOTPHUBAJIMCH YIOIbHAS IIbLIL U PA3HbIE JO3bI PAIAAIisl B OTAAJIEHHOM IIEPHOJE.

Ienbio uccienoBaHus SABISIOCH U3YUEHHUE BIIMSHAS MAJIOH U CyOJIeTaIbHON [O3bI OOJIyUEHHUSI W yTOJbHON IBLIH KaK U
B OTJEJIBHOM, TaK M COYETAHHOM BO3JEHCTBUM B OTJAJIEHHOM I[E€PHOJE Ha IIOKA3ATEJH HUMMYHOIVIOOYJIMHOB y »KUBOTHBIX B
9KCIEPUMEHTAIBHBIX yCJIOBUAX.

Broinosiaens! 6 cepun onbiToB Ha 60 Kpbicax-camiax juHud Bucrap: I rpynna - marakTasie, I rpynmna - Kpbicel, BabIxaBiie
yrosmpuyio mbLib, 111 rpymnmna — moaseprimmecs: ramma-obiaydenuio B nose 0,2 I'p, IV - mogseprimmecss ramMMa-o6iry<eHUIO B 103€
6 I'p, V rpynna - ucublTaBiire COYETAHHOE BO3EHCTBHE MAJION JO3bI PaJualiy U yroJbHOW nblid, VI rpymnma — ucnblraBiiie
CcodeTaHHOE BO3AeHCTBHE CyOIeTa IbHOM JO3bI PAJUAE U YTOJIbHOM IbLIN. AHa/IN3 Pe3y/IbTAaTOB UCCIEAOBAHUS [TOKA3aJI, ITO Y
KPBIC, [IOJIBEPraBIINXCS COYETAHHOMY IbLIIE-PAIUAIMOHHOMY (DAKTOPY, B OTJAJIEHHOM IEPHUOJE ObLIN BBISIBJIEHBI 3HAYNTEJIHLHBIE
M3MEHEHUsI, KOTOPbIe XapakTepu3oBajuchk camxkenneM [gA u IgG, u noseriunenuem IgM. Monunsupyromas pagualyst B COYeTaHUR
C YrOJIbHOW MBLIIO, B OTJAJIEHHOM IIE€PUOJIE OKa3bIBAJI 0OJiee BBIPAXKEHHOE BO3AEHCTBUE, JOMUHUDYIOUUM areHTOM SIBJISIACh
MOHU3UPYIOWIAsT PAJHAIIN.

KurroueBble cjioBa: pajualius, yroJbHas ObLIb, KMMYHOIJIOOYJIUHBI, OTJAJIEHHDBIN IepHO, KOMOMHUPOBAHHOE BO3AEHCTBHE.
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0PMANBL2LIHBLH S eHOEKMIH, CANAADL 2ULUEHACHL 6ONIMINIH orcemerwici, Examepunbype, Pecet

E-mail: ! laurache@mail.ru, 2 skashansky@yandex.ru, ! oiz5@yandex.ru
ITTan-paaguauusa (pakTOPbIHBIH, KOCAPJIbl 9CEPiHiH, KelliHri Ke3eHiHaeri UMMYyHOrJIOGYJINH-1EePAiH CAJIbICTBIPMAJIbL
capanTaMacsl

AnHOTa U Ajfam MeH JKaHyapJap af3achlHbIH  PaJMoCe3iMTaJbIILIFBIHBIH, ~ OaChIMBIDAK ~KbI3METTEpiHiH 6ipi
OOJIBIIl, MMMYHOJIOTHUSIJIBIK, DPAeKTHBTIIIK OoJbln TabbuLia/ibl.  ByHBIH e3repicTepiH coysiesik 3aKbIMIAJIyIblH KJINHUKAJIBIK,
CUMIITOMAPbIHBIH, Taiifga OoJiyblHa [eiliH, OOBEKTIBTI 9IicTepMeH aHBIKTayFa O00JIaJIbl. Pagnanmonapr ocepiin, e3iHAIK
epeKUIeTiKTepiHe, UMMYHHUTET XKYMeCiHiH »keke OybIHIAPBbIHIA 3aKbIMIAJIYIAbIH Y3aK CAKTAJIybl »KOHE COHBIMEH KOoca KeHiHri
Ke3€H 3apaanTapbl MEH acKbIHyIapbl karaabl. COHFBI yaKbITTapaa, PaJHalliOHIbl XKOHE PAJUIMOHIBI eMeC (haKTOPJIapIbIH
MMMYHJIBI JKyiere KocapJibl 9Cepi epekiile KbI3bIFYIIBUIBIK, TYAbIpyaa. bBi3jiiH >KYMBICTBIH YJrici, KeiliHri ke3enueri KeMip
[IaHBL YKOHE OPTYPJi [033aJarbl pajualusd. J3ePTTEYAiH MaKCcaTbl a3 KoHe CyOJeTasbIbl J03aJjIbl COYJIEJICHYAIH »KoHE KOMIp
HIaHBIHBIH, JIepOec »KoHe KOCapJibl OPEKEeTIHIH, KaHyapJiapAblH UMMYHOIIOOYINHIEP KOPCETKIIITepiHe Keiinri Mep3imMaeri ocepin
ToXKipubesmik Karjaiina seprrey OGousibin TabbLIAbl.  Toxkipube 60 Bucrap aranblk ereyKylpbIKTapbiHa 6 cepusi GoibIHIIIA
kyprizisnai: I tom - Gakpuiay, II Ton — kewmip maHbIMeH THIHBIC ajraH ereykyupswikrap, [II Tom — 0,2 I'p mozanbr ramma-
coyJtesleHyre yuislparal tor, IV tom - 6 I'p mosansl ramMma-coyseseHy KaObLIZaraH TOIN, V TOI - a3 J103ajbl PaIualiis MeH
KOMIp IIaHBIHBIH KOCAPJIbI 9CepiHe ChlHaKTajaraH Tol, VI Ton — cybieTab/ bl J03asbl paaualius MeH KOMIP MIaHbIHBIH KOCAPJIb
9CepiH ChIHAFaH TOI. 3epTTey HOTHXKEJEPIHIH capanTaMachl KOPCETKEHJeH, MaH-paauanus (aKTOPBIHBIH KOCapJibl dcepiHe
yIIbIpaFraH ereyKyipbIKTapaa, Keiinri Mepsimzae Manp3apl e3repicrep anbikTanaael. Ousap IgA »xone G Mmeusmepiniy TeMmeHgell,
IgM nenreitiniy »korapJiiaypIMeH cunarTTayabl. VoHIZaymIbl pajualiisHblH, KOMIp IIaHBIMEH KOCAPJIbI 9Cepi oTe allKbIH OpPEKeT
KOPCETTi, ocipece HOHIAYIIbI paguanus OACHIMIbI Ar€HT OOJIBII TaObLIIbL.

Tyitin cesmep: paauanysi, KOMIp IIaHbl, UMMYHOTJIOOYJIUHIED, KEHIHTT Ke3eH, KocapJibl 9cep.
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