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Fragments from the transcribed region of the ribosomal repeat include considerable
amounts of unmethylated CpG DNA motifs. These motifs activate immune cells via the
interaction with Toll receptors. In vitro experiments confirmed the stimulatory effect of
transcribed region of ribosomal repeat on human lymphocytes. Culturing of lymphocytes
in a medium containing 2-20,000 ng/ml fragments from transcribed region of ribosomal
repeat was accompanied by structural changes in the nucleus in a considerable number
of cells. These changes manifested in translocation of pericentromeric heterochromatin
from the membrane to the center of the nucleus and activation of the nucleolus and were
accompanied by a significant increase in interleukin-6 production and slight stimulation
of tumor necrosis factor-o synthesis. The transcribed region of the ribosomal repeat and
E. coli DNA had various effects on quantitative parameters of lymphocytes. Our results
suggest the existence of mechanisms of stimulation not mediated by the interaction of
CpG DNA motifs with Toll receptors.
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Cell death in the organism is accompanied by the
appearance of DNA fragments in blood plasma. We
described a previously unknown property of frag-
ments from transcribed region of ribosomal repeat
(TRrDNA): they are accumulated in extracellular
peripheral blood DNA in healthy individuals and,
especialy, in patients with rheumatoid arthritis (RA)
[1]. The increase in the content of TRrDNA frag-
ments in extracellular DNA is important for the
immune system. The study of primary sequence in
human TRrDNA revealed a considerable number of
unmethylated CpG-containing motifs for binding to
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Toll receptors (TLR9) on antigen-presenting cells.
This feature distinguishes TRrDNA from the total
genomic DNA and makes it similar to bacterial
DNA. The interaction of TRrDNA with TLRY can
result in the development of autoimmune disorders
[11]. However, it is impossible to predict the effect
of TRrDNA fragments on immune cells, because
some regions of TRrDNA carry suppressor motifs
(short repeats of a common structure (G)n [7]) that
block the effect of TLR9-binding regions in the
TRrDNA sequence.

Here we compared activation of human lym-
phocytes that were cultured with TRrDNA frag-
ments, E. coli DNA, and human total genomic DNA.
The degree of lymphocyte activation was estimated
by structural changes in the nucleus, increase in
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nucleolar RNA transcription, and cytokine con-
centration (TNF-o, IL-6) in the culture medium.

MATERIALS AND METHODS

G, lymphocytes were isolated from the peripheral
blood of 3 healthy donors and 2 patients with RA
using a Ficoll—Verografin system. Lymphocytes
(600,000-700,000 cells/ml) were cultured in RPMI-
1640 medium (ICN) with 10% fetal bovine serum
(HyClone) at 37°C.

The mixture of 2 linearized plasmids contai-
ning TRrDNA fragments (regions of 515-5321 and
9346-10,783 nucleotides; HSU 13369, GeneBank)
incorporated into pBR322 vector (TRrDNA) or a
mixture of E. coli DNA inserts from these plasmid
(TRrDNA¥*) served as a source of TRrDNA frag-
ments. E. coli DNA was isolated from strain MG
1655. Human genomic DNA was isolated from leu-
kocytes of healthy donors. DNA samples were sub-
jected to additional purification by treatment with
Triton X-114 [6], electrophoresis in 1% low-mel-
ting-point agarose, and gel filtration on HW-85
carrier.

Structural changes in the nucleus were eva-
luated by the position of pericentromeric loci in
chromosome 1 (1ql2 region) of fixed lymphocyte
nuclei [2]. In situ hybridization of biotinated probe
with 1q12 was carried out. Biotin was visualized
with avidin-fluorescein conjugate. The distribution
of fluorescent signals was estimated by the norma-
lized radius vector of the lymphocyte nucleus. We
examined 500 nuclei in each series. The results
were expressed as a frequency of perimembrane
signals (normalized radius vector 0.8-1.0) [2]. Va-
riations in activity of the nucleolus were determi-
ned in 150 nuclei. The number and total area of
active sites in nucleoli were evaluated after selec-
tive staining of fixed nuclei with silver nitrate [3].
The study was performed using an Axioplan micro-
scope and DC290 digital camera (Kodak). The ima-
ges were analyzed using IBAS and InterEVM soft-
wares.

IL-6 concentration in lymphocyte culture me-
dium was measured by solid-phase enzyme im-
munoassay with Innogenetics reagents. TNF-a acti-
vity in the culture medium (IU/ml) was estimated
by lysis of cytokine-sensitive mouse fibrosarcoma
L-929 cells [14]. Human recombinant TNF-o ser-
ved as the standard (DiaM).

RESULTS

DNA sequences containing unmethylated CpG mo-
tifs induced phosphorylation of JNK and SAPK via
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the interaction with TLR9. These protein kinases
are activated during cells response to stress [8].
Lymphocyte stimulation under conditions of pro-
tein kinase activation is accompanied by structural
changes in cell nuclei, which includes translocation
of centromeric chromosomal loci from the mem-
brane to the center of the nucleus and activation of
the nucleolus [4,5]. These tests are highly sensitive
for lymphocyte activation. Figure 1 shows the inci-
dence of perimembrane 1q12 loci after lymphocyte
culturing with different amounts of TRrDNA frag-
ments, E. coli DNA, and human total genomic DNA.

In a special series, lymphocytes were incuba-
ted with pBR322 vector DNA. In a considerable
number of cells, translocation of pericentromeric
heterochromatin in chromosome 1 from the mem-
brane to the center of the nucleus was noted at a
TRrDNA concentration of 2 ng/ml. Similar changes
were observed during culturing of lymphocytes
with 20,000 ng/ml E. coli DNA. Total genomic
DNA and vector DNA had little effect on this para-
meter. Kinetic studies showed that translocation of
1q12 loci to the center of the nucleus is completed
after 2-h culturing of lymphocytes with TRrDNA in
various concentrations.

Lymphocyte stimulation was accompanied by
activation of the nucleolus, which reflects the in-
crease in rRNA synthesis. The number and total
area of silver-stained sites increase under these con-
ditions [12]. Figure 2 illustrates changes in activity
of the nucleolus during 3-h culturing of lympho-
cytes in a medium containing various DNA samples
in a concentration of 200 ng/ml. TRrDNA signifi-
cantly increased the number of nuclei with signs of
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Fig. 1. Frequency of signals with normalized radius vectors (0.8-
1.0) after hybridization of lymphocyte nuclei with a probe for the
pericentromeric region of human chromosome 1 (1g12). Control
(a), TRrDNA (b), pBR322 (c), E. coli (d), and total genomic DNA
(e). 20,000 (1), 2000 (2), 200 (3), 20 (4), and 2 ng/ml (5).
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Fig. 2. Occurrence frequency for nuclei in which the area of nucleolar silver granules exceeds the mean control value (light bars); nuclei
with not less than 3 silver-stained nucleoli (dark bars). (a) Three-hour culturing of lymphocytes in the presence of 200 ng/ml DNA:
control (1), TRrDNA (2), pBR322 (3), E. coli (4). Culturing of lymphocytes with TRrDNA in various concentrations for 2 (b) or 4 h (c).

nucleolus activation. Activity of the nucleolus increa-
sed less significantly upon treatment with vector
DNA and E. coli DNA. TRrDNA had a dose-depen-
dent effect (Fig. 2, b, ¢). Two-hour incubation of cells
with TRrDNA in concentration >200 ng/ml was
accompanied by activation of the nucleolus in a con-
siderable number of cells (Fig. 2, b). Opposite chan-
ges were revealed after 4-h treatment with TRrDNA
in the same concentration. Activity of nucleoli sig-
nificantly decreased compared to the control. The-
se changes manifested in a decrease in the number
and total area of silver granules (Fig. 2, c¢).
Cytokine synthesis is a sign of immune cell
activation. We studied changes in the concentra-
tions of IL-6 and TNF-o in the culture medium of
lymphocytes. Published data show that these com-
pounds determine various clinical symptoms of RA
[10,13]. Much attention is paid to IL-6, because this
cytokine produces various effects and is involved
not only in the inflammatory process, but also in

the regulation of endocrine function and metabo-
lism [9]. We studied IL-6 synthesis in lymphocytes
from healthy donors cultured with various samples
of DNA in a concentration of 2 pg/ml for 24 h (Fig.
3, a). In contrast to E. coli DNA and plasmid vec-
tor DNA, TRrDNA stimulated the synthesis of ab-
normally large amounts of IL-6. Total genomic DNA
did not induce IL-6 synthesis. A significant increase
in IL-6 concentration was observed after 4-h cultu-
ring of lymphocytes in the presence of 200 ng/ml
TRrDNA (Fig. 3, b). This effect was more prono-
unced in lymphocytes from RA patients (Fig. 3, b).

Culturing of lymphocytes from healthy donors
in a medium containing 2 pug/ml DNA samples for
24 h was accompanied by an increase in the con-
centration of another cytokine (TNF-a). As differen-
tiated from IL-6, E. coli DNA and vector DNA
were more potent than TRrDNA in stimulating the
synthesis of TNF-o. To exclude possible effect of
the vector in TRrDNA plasmids on TNF-o synthe-
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sis, we studied the ability of isolated inserts
(TRrDNA¥*) to stimulate TNF-o synthesis in lym-
phocytes from another two healthy donors (com-
pared to E. coli DNA). After 4-h culturing of lym-
phocytes from both donors with 50 ng/ml E. coli
DNA, TNF-o activity was 18 times higher than in
a medium containing 50 ng/ml TRrDNA*. There-
fore, treatment of lymphocytes with TRrDNA frag-
ments is accompanied by significant activation of
IL-6 synthesis and slight stimulation of TNF-o pro-
duction. It cannot be excluded that low activity of
TNF-o results from high-intensity synthesis of IL-6.
Published data show that IL-6 inhibits TNF-o se-
cretion in lymphocytes [15].

Our results show that unmethylated CpG-rich
sequence of TRrDNA in vitro stimulates human
lymphocytes. Structural changes in chromatin in a
considerable number of cells are observed over the
1st hours of lymphocyte culturing with TRrDNA.
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They manifested in translocation of pericentromeric
loci in chromosome 1 from the membrane to the
center of the nucleus and increase in the number
and total area of silver-stained fibrillar centers in
the nucleolus. Lymphocyte activation is accom-
panied by an increase in the production of IL-6 and
TNF-o. Comparative study showed that E. coli DNA
and TRrDNA in similar concentrations have various
stimulatory effects on lymphocytes. After treatment
with TRrDNA, structural reconstruction of the nu-
cleus and activation of the nucleolus occurred in a
greater number of cells under the influence of sti-
mulating DNA fragments in lower concentrations.
IL-6 production in the presence of TRrDNA was
by one order of magnitude higher, while TNF-o
activity was by one order of magnitude lower com-
pared to those observed during culturing of lym-
phocytes with E. coli DNA. These differences were
probably associated with a higher constant of bin-
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Fig. 3. IL-6 concentration (a, b) and TNF-a activity in the lymphocyte culture medium (¢, d). Culturing of lymphocytes from a healthy
donor with DNA samples in concentrations of 2 (a) or 0.2 pg/ml for 24 h (c): control (7), TRrDNA (2), pBR322 (3), E. coli (4), and total
genomic DNA (5). (b) Incubation of lymphocytes from a healthy donor (/) and 2 patients (//, /) with (light bars) and without 0.2 pg/ml
TRrDNA for 4 h (dark bars). (d) Culturing of lymphocytes from 2 healthy donors (light and dark bars) with 50 ng/ml TRrDNA* and E. coli

DNA for 4 h: control (1), TRrDNA* (2), and E. coli (3).
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ding of CpG motifs in TRrDNA to TLRY receptors
or more effective penetration of TRrDNA frag-
ments into the cell. Rapid activation of TLRY in
competent cells is probably followed by the syn-
thesis of considerable amounts of IL-6, which inhibits
TNF-a synthesis [15]. It cannot be excluded that
another mechanisms of cell activation in the pre-
sence of TRrDNA are not mediated by interaction
with TLR9. We showed that TRrDNA fragments
have an in vitro stimulatory effect on lymphocytes.
It may be suggested that selective accumulation of
these fragments in extracellular DNA [1] may mo-
dulate function of the immune system.
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