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INFLUENCE EXERTED BY INHALATION BURDEN WITH FORMALDEHYDE
ON CYTOKINES IEVEL IN TEENAGERS LIVING IN INDUSTRIAL CENTERS

L.B. Masnavieva, 1.V. Kudaeva

East-Siberian Institute of Medical and Ecological Research, 12 a the 3rd micro-district, Angarsk, 665827,
Russian Federation

The atmospheric air is polluted with formaldehyde and it exerts negative influence on population health; first of all,
the immune system suffers as it is the most sensitive to impacts exerted by environmental factors. Our research goal was to
examine levels of specific auto-antibodies and cytokines in teenagers depending on an individual inhalation burden with
formaldehyde. We calculated a personified hazard index of inhalation exposure to formaldehyde for each school student.
A formula for its calculation included data on air pollution with formaldehyde inside school rooms and teenagers' homes, the
atmospheric air pollution, anthropometric and spirometry data, as well as data on school students' daily regime. We exam-
ined cytokines and specific auto-antibodies in blood serum of teenagers as these two parameters reflected the immune system
state. We revealed correlations between a hazard quotient for exposure to formaldehyde and contents of auto-antibodies to
Br-glycoprotein I and to Fe-fragment of IgG, levels of interleukin-2, alpha- and gamma-interferon. We also detected that a
share of people with elevated immune reactivity of auto-antibodies to f,-glycoprotein I and to Fc-fragment of IgG increased
as the hazard quotient for exposure to formaldehyde grew. Correlations between the examined parameters of the immune
system grew in their strength and number and it proved that pro- and anti-inflammatory processes became more conjugated
under inhalation exposure to formaldehyde that was higher than the reference level. Teenagers with their hazard quotient for
exposure to formaldehyde was higher than 1 tended to have lower concentrations of interleukin-2, alpha- and gamma-
interferons, and there was strain in their system of pro- and anti-inflammatory processes as inhalation burden with formal-

dehyde became greater.
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Air pollution makes a significant contri-
bution into health risks for people who live in
large industrial cities [1, 2]. Emissions from
chemical and oil-processing enterprises con-
tain aromatic hydrocarbons, hydrogen sulfide,
sulfur and nitrogen dioxides, carbon dioxide.
Increased air pollution caused by industrial
emission can lead to occurrence of pathologies
in organs that are target ones for impacts ex-
erted by pollutants [3—5]. It is well known that
when formaldehyde, benzpyrene, phenol, or
nitrogen dioxide penetrate a body, it influences
the immune system [3, 6, 7], and changes in its
activity become apparent via modifications of
cytokines synthesis by immune-competent
cells. Air pollutants produce their effects on
intensity of cell renewal and it can also cause
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changes in production of auto-anti-bodies
(auto-AT) which are known to participate in
apoptotic cells clearance.

Our research goal was to examine con-
tents of cytokines and specific auto-anti-bodies
in teenagers depending on an individual bur-
den with formaldehyde.

Data and methods. At the initial stage of
our research we questioned parents (legal rep-
resentatives) of 1,150 teenagers aged 11-17
who lived in industrial cities and in rural areas
of Irkutsk region. After parents (legal repre-
sentatives) of 805 children gave their written
informative consent, the teenagers were exam-
ined by medical experts, and data from their
case histories were analyzed. 561 teenagers
conformed to all the criteria to be included into
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the in-depth research. They belonged to the 1st
and 2nd health groups (in other words, they
had some minor health disorders or none at all
and didn't have any chronic pathologies); they
permanently lived and studied at educational or-
ganizations on the examined territories; they
didn't have any signs of respiratory diseases and
exacerbations of somatic pathologies during the
examination period and 2 weeks prior to it.

An individual chemical burden on teenag-
ers' bodies was estimated on the basis of data
on admixture concentrations in the atmos-
pheric air, and indoor concentrations of prior-
ity pollutants (both at home and in an educa-
tional organization). We introduced personi-
fied data on each school students into a
formula for calculating a dose chemical inhala-
tion burden; such data included anthropomet-
ric and spirometry parameters, and information
about a daily regime. Hazard quotients (HQ)
for inhalation exposure to formaldehyde were
calculated in accordance with the Human
health risks assessment from environmental
chemicals [8] taking into account personified
data on each individual' [9]. Teenagers were
divided into two groups according to obtained
HQ for exposure to formaldehyde. The first
group was made up of 227 school students
with HQ lower than 1; the second group was
made up of 423 teenagers with HQ equal to 1
or higher. 41.2 % teenagers in the first group
were boys (average age was equal to
1431 £0.12), 58.8% teenagers were girls
(average age was equal to 14.79 + 0.09). The
second group was made up of 47.3 % boys and
52.7% girls (average age was equal to
14.66 £ 0.12 and 15.01 + 0.10 respectively).

Blood samples were taken from teenagers
in the morning on empty stomach. We exam-
ined cytokines concentrations in blood serum,
namely interleukins-2 and -10, alpha- and
gamma-interferons (IL-2, IL-10, INF-a, and
INF-y respectively). Cytokines concentrations
were determined via ELISA tests with relevant
test-systems  («Vector-Best», Novosibirsk).

Reference concentrations for IL-2 and IL-10
amounted to 0—10 pg/ml; for INF-o and INF-y,
up to 5 and 15 pg/ml respectively.

We also determined relative concentra-
tions of auto-AT to native DNA (nDNA),
Fc-fragment of IgG, and beta2-glycoprotein
(B2-TTI I) in teenagers' blood serum as these
parameters reflect the immune system state.
To determine anti-bodies concentrations with
ELISA technique, we applied ELI-Viscero-
Test-16 test-systems («Immunkulus», Mos-
cow). A range from -20 up to +10 % is a ref-
erence concentration for relative contents of
specific auto-AT within the above-mentioned
test-system.

We analyzed the results statistically with
«Statistica 6.0» applied software and applied
such non-parametric tests as Mann-Whitney
U-criterion and Spearman rank correlation (r).
The research results are given as a median and
25-75 quartiles (Me (LQ-UQ)). We detected
discrepancies between groups as regards fre-
quency of elevated values for the examined
parameters with a technique for assessing
prevalence of a sign in a sampling. A p value
equal to 0.05 was considered to be a critical
statistical significance of discrepancies.

Results and discussion. Having assessed
atmospheric air quality and air quality inside
teenagers' homes and classrooms on the exam-
ined territories, we detected formaldehyde,
particular matter, and nitrogen dioxide in con-
centrations which were higher than reference
ones. Average annual PM concentration in the
atmosphere varied from 0.012 to 0.142 mg/m’;
it was within 0.026-0.172 mg/m’ and
0.033-0.135 mg/m’ in the air inside homes and
classrooms respectively (reference concentra-
tion is equal to 0.075 mg/m’). The same ranges
for nitrogen dioxide and sulfur dioxide respec-
tively amounted to 0.007-0.062 mg/m’ and
0.0004-0.038 mg/m’ in the atmospheric air;
0.007-0.030 mg/m’ and 0.0001-0.033 mg/m’,
in the air inside homes; and 0.008-0.044 mg/m’
and 0.002-0.018 mg/m’, in the air inside class-
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rooms (reference concentrations for these com-
pounds amount to 0.04 and 0.05 mg/m’).
Average annual concentrations of carbon ox-
ide and formaldehyde respectively amounted
to 0.11-2.34 mg/m’ and 0.000-0.006 mg/m’
in the atmospheric air; 0.563—0.678 mg/m’ and
0.0014-0.0066 mg/m’, in the air inside homes;
0.073-0.340 mg/m’ and 0.000-0.006 mg/m’,
in the air inside classrooms. Reference concen-
trations for carbon oxide and formaldehyde are
3.0 and 0.003 mg/m’ respectively.

As per data obtained via the questioning,
teenagers spend from 20 to 23 hours a day at
home and at school; therefore, indoor air pol-
lution contributes significantly into an indi-
vidual chemical burden and HQ for exposure
to pollutants. Exposure to formaldehyde made
the greatest contribution into a risk of im-
mune disorders as personified HQ for this
chemical ranged from 0.60 to 2.03 for the ex-
amined teenagers (average value was equal to
1.35 £ 0.02). These elevated hazard quotients
for exposure to formaldehyde are caused by
the substance penetrating the air inside homes
or classrooms out of furniture, construction
and finishing materials [10], and the atmos-
pheric air, due to emissions from industrial
enterprises [3, 5].

We detected lower average IL-2 concen-
trations in teenagers from the second group
than in those from the first one (Table 1).
Since this interleukin determines duration and
type of an immune response and participates in
regulating IFN-y contents stimulating its syn-
thesis [11], a decrease in IL-2 concentration

can lead to changes in gamma-interferon con-
tents; it is confirmed by lower IFN-y contents
which we detected in the second group. The
Ist type T-helpers (Thl) are known to produce
IL-2 and IFN-y; therefore, lower concentra-
tions of these cytokines in school students
from the second group can indirectly imply
that Thl are less active in them. We detected
significantly lower constitutive concentrations
of INF-a (10 times lower) that had antiviral
activity in teenagers from the group with
HQ>1. Given all that, we can assume that
teenagers with inhalation exposure to formal-
dehyde within reference concentrations have
signs of inflammatory reactions; when teenag-
ers are exposed to higher concentrations of this
toxicant, they run significantly greater risks of
inflammatory diseases becoming chronic.

This assumption was also confirmed by
our analysis of auto-AT contents in groups
with different inhalation burden with formal-
dehyde. High concentration of specific auto-
AT is known to be a sign that disorders are
occurring in organs and systems and they,
among other things, can be caused by bacterial
and viral infections and can occur long before
any clinical manifestations of a diseases be-
come visible [12]. Elevated concentrations of
auto-AT to nDNA were detected in the second
group less frequently than in the first group
(31.8 and 20.7 % respectively, p <0.005).
A share of people with hyper immune reactiv-
ity of auto-AT to Fc-fragment of IgG and to
B2-GP I was 4.5 times and 9 times higher
among those with HQ>1 (32 %, p <0.005;

Table 1

Cytokines and auto-anti-bodies concentrations in teenagers under inhalation exposure
to formaldehyde, Me (LQ-UQ)

Parameters, units Group | Group 11 p
1L-2, pg/ml 4.51 (1.56-7.25) 2.71 (0.01-5.38) 0.000
1L-10, pg/ml 3.42 (0.7-6.76) 3.39 (1.40-6.44) 0.713
INF-q, pg/ml 3.76 (1.43-14.13) 0.36 (0.01-4.87) 0.000
INF-y, pg/ml 5.91 (4.23-8.32) 2.81 (1.89-4.89) 0.000
Auto-AT to nDNA, % 4.64 (-6.27-20.59) 0.93 (-10.54-11.48) 0.003
Auto-AT to B2-GPI, % -19.83 (-29.08—11.75) -1.56 (-14.55-11.09) 0.000
Auto-AT to Fc-fragment of IgG, % -7.57 (-13.70—1.87) 3.97 (-8.25-12.68) 0.000

N ote: p means alevel when discrepancies become statistically significant.
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28 %, p <0.005 respectively) than in the first
group (7 % and 3 % respectively). It proves
that infectious and inflammatory processes oc-
curred in teenagers from the second group
more frequently than in those from the first
one since it is well known that elevated con-
centrations of auto-AT to DNA and beta-2-
glycoprotein 1 indicate there is cell apoptosis
in a body which is most frequently induced by
an active bacterial or a viral infection, and
auto-AT to Fc-fragments of immune globulins
reflect protective responses of the immune sys-
tem aimed at limiting inflammatory processes
activity [12]. We should note that previous re-
search revealed an increase in auto-AT con-
tents in children who lived on territories with
average atmospheric air contamination; those
auto-AT characterized a specific state of the
immune system that occurred when inflamma-
tory processes caused by infections were de-
veloping in a body; children who lived on ter-
ritories with significant air contamination ran
elevated risks of pathologies in the immune
system and their auto-AT had weaker immune
reactivity [13].

We analyzed relative auto-AT concentra-
tions depending on personified chemical bur-
den with formaldehyde and revealed that a
concentration of auto-AT to B2-GP I and to
Fc-fragment of IgG was statistically signifi-
cantly higher in the second group, and that of
auto-AST to nDNA, in the first one. It indi-
cates that weaker resistance of a body to infec-
tious agents in teenagers who lived on envi-
ronmentally adverse territories was primarily
caused by total inhalation burden with formal-
dehyde coming from both the atmospheric air
and the air inside homes or classrooms.

A contribution made by formaldehyde
into changes that occur in the humoral immu-
nity parameters in teenagers is confirmed by
correlations between chemical burden with the
pollutant and cytokines and auto-anti-bodies
concentrations (Table 2). We detected that ex-
posure to formaldehyde led to a decrease in
concentrations of IL-2, INF-y, and INF-a, and
an increase in concentrations of auto-AT to
B2-GP I and to Fe-fragment of IgG.

We should note that correlations detected
for the overall examined sampling were char-
acteristic for the teenagers group with HQ > 1
(Table 2), excluding the correlation between
HQ and concentration of auto-AT to Fc-frag-
ment of IgG. This particular correlation was
detected in the overall sampling (R=0.32,
p <0.001), but it was absent when the first and
the second group were considered separately.
The fact that there is no correlation between
IL-10 concentration and chemical burden with
formaldehyde indicates that elevated concen-
trations of this cytokine in teenagers from the
second group are not directly caused by expo-
sure to formaldehyde but they rather result
from changes that occur in the immune system
at this age.

As we examined correlations between the
examined parameters of the immune system,
we revealed that a number of these correla-
tions and their strength were higher among
teenagers with greater inhalation burden with
formaldehyde (the second group) than among
those from the first group (Table 3); the nature
of these correlations indicated that there was
strain in the system of pro- and anti-infla-
mmatory processes. Thus, if we take a correla-
tion between IL-2 and INF-y concentrations,

Table 2

Correlations between hazard quotients for exposure to formaldehyde, cytokines
and auto-anti-bodies concentrations in teenagers

Parameters O\I;erall samplll)ng - Group | . o Group II .
HQ & auto-AT to f2-GP I 0.44 0.001 -0.04 0.500 0.17 0.010
HQ & IL-2 -0.30 0.001 0.06 0.397 -0.25 0.001
HQ & INF-a -0.37 0.001 0.09 0.210 -0.28 0.001
HQ & INF-y -0.45 0.001 -0.01 0.902 -0.12 0.036

N o te: R is correlation quotient, p means a level when discrepancies become statistically significant.
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Table

Correlations between cytokines concentrations in teenagers depending on inhalation
exposure to formaldehyde

Parameters Group I Group II
R p R p
IL-2&INF-y -0.06 0.400 0.39 0.0001
IL-2&IL-10 0.17 0.025 0.44 0.0001
IL-2&INF-a -0.31 0.0001 0.62 0.0001
INF-y&INF-a -0.03 0.700 0.51 0.0001
IL-10 &INF-a 0.13 0.070 0.40 0.0001

N o te: R is correlation quotient, p means a level when discrepancies become statistically significant.

we can note that the Ist type T-helpers in-
crease IL-2 production that stimulates func-
tional activation of T- and B-lymphocytes,
NK-cells and monocytes, and these cells play a
significant role in protective responses of a
body [14]. Since IL-2 synthesis is inducible
one, regulation of IL-2-dependent lympho-
cytes proliferation directly depends on a spe-
cific antigen occurrence [15, 16].

INF-y also has regulatory functions re-
lated to the immune systems cells; it is synthe-
sized in a body mostly by antigens-activated
T-lymphocytes (primarily Th1l) and NK-cells.
It activates macrophages and enhances activi-
ties of the cell-mediated immunity and plays a
significant role in Thl-lymphocytes differen-
tiation acting according to a positive feedback
principle [17]. Correlations between IL-2 and
INF-y concentrations prove that such proc-
esses occur in bodies of teenagers with higher
inhalation burden with formaldehyde. Besides,
INF-y, together with IL-2, is able to control
activation of the cell-mediated immunity with
T-regulatory lymphocytes participation [18].

IL-10 also performs an immune-regu-
latory function as regards immune response
suppression due to its participation in regulat-
ing and performing effector functions of
T-regulatory lymphocytes. This interleukin is
basically synthesized by such cells as activated
CD4+, CD8+, T-lymphocytes, B-lymphocytes,
LPS-activated monocytes/macrophages, and
Thl. IL-10 negatively regulates synthesis of
IL-2, INF-y, anti-inflammatory cytokines, an-
tigen-representing function of macrophages
and dendritic cells as well as switches an im-
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mune response from a Thl-depending type to
a Th2-depending one [19, 20]. A correlation
between IL-2 and I1-10 which we revealed in
our research together with lower IL-2 and
INF-y concentrations in children from the sec-
ond group against those from the first group
and with comparable IL-10 concentrations in
both groups is an evidence that mechanisms of
anti-inflammatory immune response regulation
are deregulated. Besides, when IL-10 exces-
sively suppresses production of 11-2 and INF-y
in teenagers with HQ>1, it can lead to occur-
rence of susceptibility to allergy, including
ecological pollutants allergy. In particular,
some previous research revealed that exam-
ined children with sensitization to formalde-
hyde had higher IL-10 concentration in swabs
taken from their oral cavity than people who
didn't have any reaction to this allergen [21].
Regulatory strain in Thl lymphocytes system
in school students with higher inhalation bur-
den with formaldehyde is also borne out by
positive correlation between INF-a concentra-
tion and concentrations of cytokines (IL-2,
INF-y) that support differentiation of T lym-
phocytes into Th1 population.

All the obtained results helped us to create
a scheme that reflects influence exerted by in-
halation exposure to formaldehyde on cytokines
concentrations in teenagers' blood (Figure).

Conclusion. Overall, we detected that
occurrence of formaldehyde in the atmos-
pheric air and in air inside homes or class-
rooms in concentrations higher than reference
ones caused elevated risks of pathologies in
teenagers' immune system. Personified hazard
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Figure. Influence exerted by inhalation exposure to formaldehyde
on cytokines concentrations in teenagers

quotients for exposure to formaldehyde for
teenagers living in industrial centers reached
2.03. We revealed that a growth in inhalation
burden with formaldehyde was accompanied
with more frequent increase in concentrations

and IL-2 concentrations went down, and strain
in the system of pro-and anti-inflammatory
processes occurred.
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of specific auto-anti-bodies to f2-GP I and to
Fc-fragment of IgG which were signs that
pathological processes caused by bacterial and
viral agents were developing in organs and
systems. When a hazard quotient for exposure
to formaldehyde exceeded 1, INF-a, INF-y,
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