ISSN 0006-2979, Biochemistry (Moscow), 2019, Vol. 84, No. 8, pp. 905-910. © Pleiades Publishing, Ltd., 2019.

Published in Russian in Biokhimiya, 2019, Vol. 84, No. 8, pp. 1147-1153.

Originally published in Biochemistry (Moscow) On-Line Papers in Press, as Manuscript BM19-086, June 10, 2019.

Expression of mRNAs for IL-1f, IL-6, IL-10, TNFa.,
CX3CL1, and TGF1 Cytokines in the Brain Tissues:
Assessment of Contribution of Blood Cells
with and without Perfusion

A. A. Kvichansky!, M. N. Volobueva', Yu. S. Spivak’,
L. V. Tret’yakova!, N. V. Gulyaeva'**, and A. P. Bolshakov'

!Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, 117485 Moscow, Russia
‘e-mail: nata_gul@mail.ru

Received March 21, 2019
Revised May 4, 2019
Accepted May 5, 2019

Abstract—Cytokines are important regulators of brain function under both normal and pathological conditions. Cytokines
can be synthesized by resident cells of the central nervous system (CNS) (vascular endothelium, cells of the blood-brain bar-
rier, parenchymal cells of the CNS) or cells in the lumen of blood vessels, as well as introduced with the bloodstream. The
ratio between the quantity of cytokines synthesized in the CNS and those entering it from external sources under various
conditions remains poorly understood. In this work, we studied the contribution of mRNAs from non-resident cells to the
common pool of cytokine (TNFa, IL-1pB, IL-6, IL-10, CX3CL1, and TGFB1) mRNAs in the rat neocortex, hippocampus,
dura matter, pia matter, and choroid plexus. We also evaluated the representation of various populations of resident and non-
resident immune cells based on the expression of marker genes (Ncf1, Thx21, Foxp3, RORyc). The removal of blood by tran-
scardial perfusion led to a decrease in the quantity of the TNFa mRNA in the neocortex and hippocampus and of the IL-
1B, IL-6, and IL-10 mRNAs in the dura mater. The mRNA levels of other cytokines in studied structures were not affected
by perfusion. Our findings suggest that mRNAs present in the blood can make a significant contribution to the mRNA lev-
els of some cytokines in the CNS; therefore, preliminary perfusion of brain tissue is a necessary stage of experimental design

for correct estimation of mRNA content in the brain.
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Neuroinflammation is a specific form of inflamma-
tory process typical for the central nervous system (CNS).
It was first described as a response to various types of
brain damage, including trauma, exposure to toxicants,
hypoxia, and infection. However, it was shown later that
the processes characteristic of neuroinflammation occur
in the norm, e.g., in synaptic plasticity and neurogenesis,
which indicates their adaptive role [1].

An increase in the mRNA levels of proinflammatory
cytokines (IL-1B, IL-6, TNFa), which are expressed in
the brain mostly by the microglia, is used as a standard

Abbreviations: CX3CL1, C-X3-C chemokine ligand 1
(fractalkine); IL, interleukin; TNFa, tumor necrosis factor
alpha; TGFp1, transforming growth factor beta 1.

* To whom correspondence should be addressed.

marker of active neuroinflammation [2]. A balance
between the concentrations of pro- and anti-inflammato-
ry cytokines plays an important role in the neuroinflam-
mation regulation [3]. mRNAs for the anti-inflammatory
cytokines IL-10 and TGFB (TGFB1, TGFp2, TGFB3)
have been found in various cells of the CNS [2, 4, 5]. A
special role belongs to fractalkine (CX3CL1). This
cytokine is synthesized mostly by neurons in the CNS [2]
and regulates migration of macrophages into the CNS
and their transformation into the microglia, especially
during the brain formation. In mature brain, CX3CL1
acts as an anti-inflammatory mediator providing negative
feedback from neurons to the microglia [6]. Assessment
of mRNA expression levels for various pro- and anti-
inflammatory cytokines is commonly used in the studies
on the neuroinflammatory response development.
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Brain meninges can be an important source of
cytokines to the local bloodstream, since they contain a
large number of immune cells. Besides, blood vessels that
supply the brain run through the meninges. It was shown
that dura mater is an important part of the so-called
glymphatic system that regulates interactions between
immune and nervous systems [7]. Major veins and arter-
ies responsible for the blood supply to the brain are locat-
ed in the subarachnoid space. The subarachnoid space
also contains venous sinuses associated with the immune
system cells regulating multiple brain functions [8]. The
choroid plexus is another anatomical structure of the
brain populated by immune system cells regulating
numerous processes in the CNS [9].

Cytokines in the CNS can be of endogenous (syn-
thesized by the brain resident cells) or exogenous origin
(synthesized by nonresident cells in the lumen of blood
vessels or outside the CNS). Despite the fact that
cytokine mRNAs in the brain are synthesized by both
parenchymal and blood cells, the vast majority of studies
on the cytokine expression in the brain assume a priori
that the main source of cytokines in the brain tissue is the
parenchyma and not the blood cells. However, the contri-
bution of parenchymal and blood cells to the pool of
cytokine mRNAs in the brain has not been evaluated.
Such evaluation might be important for the interpretation
of experimental data, since the levels of mRNAs for
proinflammatory cytokines in the brain are relatively low
(especially, in the norm) and contamination with blood
can significantly increase experimentally measured levels
of cytokine mRNAs and skew the ratio between these val-
ues, thereby introducing an unpredictable error to the
study results. The above considerations prompted us to
conduct this methodological study.

Here, we investigated the effect of blood removal
from the rat brain vessels and meninges by perfusion on
the relative quantities of mRNAs for the main neuroin-
flammation-associated cytokines. We also analyzed the
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Fig. 1. Experimental scheme.
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effect of perfusion on the relative quantity of mRNAs for
the markers of immune cell subpopulations involved in
the neuroinflammation regulation in the brain and its
meninges.

MATERIALS AND METHODS

Experimental procedures. Male Wistar rats weighing
250-300 g from the Stolbovaya nursery, Moscow Region,
were used. The rats from the experimental group were
anesthetized by injection of 10% (w/v) chloral hydrate
(Sigma, USA) at a dose of 9 ml/kg body weight and then
subjected to transcardial perfusion with ice-cold 0.01 M
phosphate buffered saline (PBS, pH 7.4) (Pan-Eco,
Russia) for 20 min. Blood samples (100 pl) were collect-
ed immediately after the right atrium opening. After per-
fusion, the rats were decapitated; their brains were
removed, washed with ice-cold PBS, and dried on filter
paper. Tissue samples of the neocortex, hippocampus,
dura mater, pia and arachnoid meninges adjacent to the
cortex, pia and arachnoid meninges adjacent to the hip-
pocampus, and choroid plexus were collected (see Fig. 1
for the experimental scheme). The rats of the control
group were subjected to the same manipulations except
for transcardial perfusion.

RNA isolation and reverse transcription. Collected
tissue and blood samples were placed in tubes containing
500 pl of ExtractRNA reagent (Evrogen, Russia). RNA
isolation was performed in accordance with the manufac-
turer’s recommendations. To remove traces of genomic
DNA, RNA samples were treated with DNase I (Thermo
Scientific, USA). Reverse transcription was performed
using the MMLV RT kit reagent kit (Evrogen) using
murine RNase Inhibitor (New England Biolabs, USA) as
recommended by the manufacturer. An equimolar mix-
ture of random decaprimer (Evrogen) and oligo(dT),;
primer (Evrogen) was used; the concentration of each
primer in the reaction was 1 uM. After reverse transcrip-
tion, the reaction mixture was diluted 8-fold with deion-
ized water.

qPCR. Relative quantities of mRNAs for the genes of
interest were evaluated with a Bio-Rad CFX-384 real-
time PCR station (Bio-Rad, USA) using a gPCRmix-HS
SYBR + LowROX mix for PCR (Evrogen) according to
the manufacturer’s recommendations. Relative quantities
of mRNAs for highly represented genes of pro-inflamma-
tory cytokines (Il1b, 116, Tnf), anti-inflammatory
cytokines (7gfb1 and Cx3cll), and the marker of mono-
cytes (NcfI) [10] were normalized to the geometric mean
of the mRNA expression levels for the Ywhaz and Hprtl
genes. Expression levels of the lowly expressed genes for
the anti-inflammatory cytokine IL-10 (///0) and a set of
lymphocyte markers, such as 7hx21 (Thl lymphocytes
[11]), Foxp3 (Treg lymphocytes [12]), and RORyc (Th17
lymphocytes [13]), were normalized to the Osbp I mRNA
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Table 1. Effect of perfusion on the relative quantity of
Alas2 mRNA

Without perfusion After perfusion

Neocortex 0.4320 £ 0.2708 0.0053 £ 0.0077
Hippocampus 0.0058 = 0.0030 0.0002 £ 0.0001
Neocortical 0.4285 £ 0.2879 0.0034 £ 0.0042
meninges

Hippocampal 0.4396 + 0.3842 0.0029 £ 0.0036
meninges

Dura mater 5.0629 £ 6.2582 0.1130 £ 0.0807
Choroid plexus 0.0125 £ 0.0087 0.0001 = 0.0001
Blood

135.9542 + 38.6557 [102.2964 + 62.9552

after 5-fold concentration of cDNA by precipitation with
an isopropanol/glycogen mixture (Thermo Scientific)
that allowed to increase the concentration of the target
c¢cDNA and reduce the random error of the method. To
assess the quality of the DNase treatment for all the sam-
ples and genes, we ran a negative control with the product
of DNase I treatment. To assess the quality of perfusion,
the relative quantity of the Alas2 mRNA (erythrocyte
marker) was determined by normalization to the mRNA
expression of the Ywhaz and Hprtl genes. Samples from
the perfused rats, in which the relative quantity of Alas2

Table 2. Primers used for gPCR

mRNA was less than 10 times lower than the average
value in the control group, were excluded from the study
(the average values in the groups are shown in Table 1).

Primers for qPCR were designed for the mRNA
sequences (Table 2) from the NCBI database using the
PrimerSelect software package (DNASTAR Lasergene).
The genes used for normalization were selected based on
the results of transcriptome analysis [14].

Data analysis. Gene expression was analyzed by the
E*2¢ method. The data in Table 1 are shown as mean +
SD. The data in the graphs are shown as grouped point
diagrams. The significance of differences between groups
was evaluated using the Mann—Whitney method with the
Statistica 10 software (n > 6 in all groups).

RESULTS AND DISCUSSION

We found that transcardial perfusion led to a decrease
in the relative quantity of 7nf mRNA in the neocortex and
hippocampus, (Fig. 2, a and b), while the relative quanti-
ties of mRNAs for other potentially exogenous cytokines,
as well as markers of monocytes and T helper cells in these
brain regions were unaffected (Table 3). In the dura mater,
perfusion resulted in the decrease in the relative quantities
of mRNAs for the 1/1b, 116 and 1110 genes, but not for the
marker genes (Fig. 2, c-e, and Table 3).

These data indicate that, in the forebrain and dura
mater, mRNAs for most immune mediators are synthe-
sized by the resident cells. However, a decrease in the

Primer sequence (5'-3")
Gene
forward reverse
1ib TCTGTGACTCGTGGGATGAT CACTTGTTGGCTTATGTTCTGTC
16 GCCACTGCCTTCCCTACTTCAC GACAGTGCATCATCGCTGTTCATAC
Tnf GTCCAACTCCGGGCTCAGAAT ACTCCCCCGATCCACTCAG
Hprtl CGTCGTGATTAGTGATGATGAAC CAAGTCTTTCAGTCCTGTCCATA
Ywhaz TTGAGCAGAAGACGGAAGGT GAAGCATTGGGGATCAAGAA
Cx3cll ATCACCACCATCACCACCAAC GAGGAACACTTTAAACCCTCACAGA
1o GACAATAACTGCACCCACTTCC GCATCACTTCTACCAGGTAAAACTTG
Foxp3 GGCCGGGACCTGCGAAGTG GGGTGTGGCCATGTGCGTCTA
RORyc TGCTGTTAAGAGGATGAAGATGGTG GGTACAATTGGAGGCTGCTGAA
Tbx21 CTGGAGCCCACGAGCCATTACA CTTCCCACACTGCACCCACTTG
Ncfl CTGCAGCAAAGGACAGGACTG GGGTCATGGCCAACAGGTT
Osbp1 TCCGGGAGACTTTACCTTCACTT GTGTCACCCTCTTATCAACCACC
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Fig. 2. Effect of perfusion on the quantity of mRNAs for major neuroinflammation-associated cytokines and marker genes of immune cell
subpopulations: a) 7nf mRNA in the neocortex; b) 7nf mRNA in the hippocampus; ¢) /76 mRNA in the dura mater; d) 7/6 mRNA in the
dura mater; e) //10 mRNA in the dura mater; f) Foxp3 mRNA in the choroid plexus; g) 76x21 mRNA in the choroid plexus; * p < 0.05,
Mann—Whitney test.

BIOCHEMISTRY (Moscow) Vol. 84 No. 8 2019



CONTRIBUTION OF BLOOD CELLS IN THE EXPRESSION OF CYTOKINE mRNAs IN BRAIN 909
Table 3. Effect of perfusion on the relative quantities of mRNAs for cytokines and markers of cell subpopulations
Structure\ 1l1b 16 Tnf Tgfbl Cx3cll 1110 Ncfl Foxp3 RORyc Thx21
gene
Neocortex = = $p<0.05 = below = = below =
detection detection
threshold threshold
Hippocampus = = N p<0.05 = below = = below =
detection detection
threshold threshold
Cortical = = = = = = = below =
meninges detection
threshold
Dura mater |4 p<0.05 ip <0.05 = = 4 p<0.05 = = below =
detection
threshold
Hippocampal = = = = = = = below =
meninges detection
threshold
Choroid = = = = = = $p<0.05 below |Tp<0.05
plexus detection
threshold
B]OOd = = = = = = = = =

Note: =, no significant differences.

mRNA levels for the 7nf gene in the neocortex and hip-
pocampus and for the /115, 116, and 1110 genes in the dura
mater suggests that non-resident cells make a consider-
able contribution to the mRNA pool of these genes in the
corresponding structures. At the same time, perfusion did
not affect relative quantity of mRNAs for the markers of
monocytes (Ncfl) and some subtypes of T cells (7bx21,
Foxp3, RORyc). 1t is possible that the sources of mRNAs
removed by perfusion were blood cells that did not belong
to studied cell populations, e.g., neutrophils or Th2 lym-
phocytes.

A decrease in the relative quantity of Foxp3 mRNA
was detected in the choroid plexus (Fig. 2f); however, the
relative quantity of mRNA for IL-10, the main cytokine
of Treg lymphocytes, was not affected by perfusion [15],
likely because choroid plexus contains a large number of
resident cells expressing IL-10, and removal of Treg lym-
phocytes from the choroid plexus vessels did not affect the
level of this cytokine. Paradoxically, the relative quantity
of mRNA for the 7hx2] gene in the choroid plexus
increased after perfusion (Fig. 2g).

Therefore, we have shown that the presence of blood
cells in brain tissues, meninges, and choroid plexus con-
siderably contributes to the mRNA levels of various
immune mediators and markers of cell subpopulations in
these brain regions. This contribution varies for different

BIOCHEMISTRY (Moscow) Vol. 84 No. 8 2019

genes and anatomical structures. In general, it is impossi-
ble to predict the contribution of exogenous cells to the
total mRNA pool, especially since this contribution may
not be the same under normal and pathological condi-
tions. In this regard, we recommend perfusion of labora-
tory animals as an important step before collection of bio-
logical material in the gPCR studies of neuroinflammato-
ry response in the brain and its meninges.
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