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The	 identification	 of	 events	 and	 signals	 that	 can	
boost	 immune	responses	to	pathogenic	agents	and	
malignant	cells	has	been	actively	investigated	for	many	
decades.	These	studies	have	led	to	the	discovery	of	
various	substances	with	potential	immunomodulatory	
activity.	The	categorization	of	DNA	as	an	potent	 im-
munomodulator	contrasts	with	previous	conceptions	
on	DNA	as	an	immunologically	uniform	and	inert	sub-
stance	[1].	Recent	evidence	suggests	that	bacterial	
DNA	has	the	exceptional	ability	to	activate	the	mamma-
lian	immune	system.	The	immunostimulatory	effects	
of	bacterial	CpG	DNA	were	shown	to	be	mainly	due	
to	a	specific	sequence	of	cytosine-phosphodiester-
guanine	(CpG)	motifs	presented	in	the	unmethylated	
state	and	occur	at	higher	frequency	than	in	mammalian	
DNA	[2,	3].	Immunostimulatory	CpG	motifs	are	at	least	
20-fold	 more	 common	 in	 bacterial	 than	 vertebrate	
DNA	for	three	main	reasons.	First,	in	vertebrate	DNA,	
cytosine	 and	 guanosine	occur	 together	 much	 less	
frequently	 than	 it	 could	 be	 predicted	 theoretically.	
Second,	about	80%	of	the	CG-dinucleotides	present	
in	vertebrate	DNA	are	methylated	at	the	5	position	of	
the	cytosine,	and	 third,	 the	CG-dinucleotides	 in	 the	
vertebrate	 genome	 are	 usually	 in	 a	 non-stimulatory	
sequence	context:	they	are	most	frequently	preceded	
by	a	C,	which	eliminates	or	reduces	the	immunostimu-
latory	effects	of	DNA	[4–6].

The	potent	immunological	response	to	unmethylated	
CpG	motifs	suggests	that	the	vertebrate	immune	system	
recognizes	this	molecular	pattern	characteristic	of	bacte-
rial	DNA	as	a	“danger	signal”,	thus	DNA	from	bacteria	can	
instruct	the	immune	system	to	distinguish	“foreign”	from	
“self”	and	activate	appropriate	 immune	responses	to	
defend	against	the	potentially	adverse	effects	of	various	
microorganisms	[2,	7].	Recent	studies	suggested	that	a	
transmembrane	protein,	Toll-like	receptor	9	(TLR9)	plays	
a	critical	role	in	the	recognition	of	CG-dinucleotides	in	
DNA	and	initiation	of	signaling	pathways	that	lead	to	the	
up-regulation	of	several	transcriptional	factors,	including	
NF-κB	and	AP-1,	and	subsequent	production	of	various	
cytokines	[8–10].	The	immunological	events	that	occur	
after	activation	of	the	immune	system	by	bacterial	DNA	
include	B-cell	proliferation,	activation	of	macrophages	
and	dendritic	cells	(DC)	to	synthesize	cytokines	(IL-12,	
IL-18,	TNF-α,	IFN-α,	and	IFN-β),	different	chemokines	
and	to	up-modulate	expression	of	costimulatory	mol-
ecules	 (CD40,	 CD86),	 thus	 promoting	 Th1	 immune	
responses	to	antigen	[7,	11,	12].	

The	 potent	 T	 helper	 1	 immune	 response	 pro-
duced	by	CpG	DNA	activation	of	the	innate	immune	
system	supports	the	broad	therapeutic	application	of	
CpG-containing	 single-stranded	 oligodeoxynucleo-
tides	(CpG	ODN)	as	anti-infectious	[13],	anti-allergy	
[14],	 anti-inflamatory	 [15]	 and	 immunotherapeutic	
anticancer	agents	[16–19],	and	as	powerful	adjuvants	
[12,	20,	21].	A	number	of	studies	have	demonstrated	
the	potential	immunotherapeutic	efficacy	of	CpG	DNA	
in	animal	models	[16,	18,	21]	and	a	dozen	of	clinical	
trials	of	CpG	ODN	was	initiated	[21,	22].

Our	 department	 is	 studying	 the	 immunological	
activity	and	immunotherapeutical	potential	of	bacterial	
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CpG	DNA	isolated	from	Bacillus subtilis	culture	medium	
in	an	attempt	to	explain	the	high	efficacy	and	possible	
mechanisms	of	action	of	a	series	of	cancer	autovaccines	
prepared	using	Bacillus subtilis	culture	medium	filtrate	
[23–25],	and	to	develop	the	new	potent	immunoadjuvant	
for	effective	application	of	glycopeptide	cancer	autovac-
cine	[26,	27].	Recently	we	showed	that	bacterial	CpG	
DNA	isolated	from	culture	medium	of	Bacillus subtilis	
GP-807-03	[28]	activated	NK	cells	in vitro,	induced	pro-
duction	of	INFα/γ	by	human	peripheral	blood	leukocytes	
and	can	be	successfully	used	in	experimental	immuno-
therapy	of	cancer	[18].	Thereby,	relevance	of	study	of	
possible	immunomodulatory	effects	of	Bacillus subtilis 
CpG	DNA	as a perspective	candidate	for	improvement	of	
cancer	vaccine	efficacy	is	important	and	indisputable.

The	 main	 purpose	 of	 this	 study	 is	 to	 investigate	
the	effects	of	challenge	of	a	single	dose	of	bacterial	
CpG	DNA	on	response	of	immune	system	organs	and	
on	a	zeta-potential	of	different	lymphoid	organ	cells	
and	peritoneal	macrophages	in	mice.	We	have	tried	to	
determine	possible	differences	in	changes	in	immune	
system	compartments	induced	by	bacterial	CpG	DNA	
depending	on	mode	of	its	administration.	

MATERIALS AND METHODS
Animals and reagents.	 Age	 and	 sex-matched	

BALB/c	and	C57Bl/6	mice	(9–12	weeks)	were	obtained	
from	vivarium	of	R.E.	Kavetsky	Institute	of	Experimental	
Pathology,	Oncology	and	Radiobiology,	NAS	of	Ukraine	
(Kyiv,	Ukraine).	The	animals	were	housed	in	standard	
facilities,	with	free	access	to	water	and	food.	All	ani-
mals	were	maintained	under	strict	ethical	conditions	
according	to	international	recommendations.

DNA	from	chicken	erythrocytes	(Reanal,	Hungary)	
was	used	as	non-CpG	DNA.

Bacterial strains and tumor models. Bacillus 
subtilis strain	GP1-807-03	stored	as	strain	IMB	B-7108	
in	Bacterial	Strain	Collection	of	D.K.	Zabolotny	Institute	
of	 Microbiology	 and	 Virology,	 NAS	 of	 Ukraine	 (Kyiv,	
Ukraine)	was	used.	Bacillus subtilis GP-807-03	was	
routinely	isolated	from	soil	sample,	characterized	and	
cultivated	in	beef-extract	broth	(pH	7.0)	at	37	°C	during	
of	8	days	with	moderate	shaking	(120	rpm).	

Metastasizing	 Lewis	 lung	 carcinoma	 (LLC)	 was	
used	in	the	study	(National	Bank	of	Cell	Lines	and	Tu-
mor	Strains	of	R.E.	Kavetsky	Institute	of	Experimental	
Pathology,	Oncology	and	Radiobiology,	NAS	of	Ukraine	
(Kyiv,	 Ukraine)).	 For	 tumor	 induction,	 2.5	×	105	 LLC	
cells	 in	 a	 volume	 of	 100	 μl	 of	 Hanks’	 balanced	 salt	
solution	(HBSS,	Sigma,	USA)	were	inoculated	intra-
muscularly	into	right	thigh	of	C57Bl/6	mice.			

Preparation and analysis of bacterial DNA. Bac-
terial	extracellular	DNA	was	isolated	from B. subtilis 
GP1-807-03	culture	medium	on	9th	day	of	cultivation	
according	to	[28].

Polyacrylamide	 gel	 (PAAG)	 electrophoresis	 was	
used	for	identification	of	DNA	fragments	in	the	sam-
ples	 [29].	 To	 detect	 the	 presence	 of	 unmethylated	
CG-dinucleotides,	 restriction	 analysis	 of	 DNA	 with	
endonuclease	Hpa	II	(Sigma,	USA)	[28]	was	applied	

with	the	next	PAAG	electrophoresis	followed	by	ethid-
ium	bromide	staining	[29].	Restriction	endonuclease	
digestion	 of	 DNA	 was	 performed	 according	 to	 the	
instructions	of	the	manufacturer.	

Isolated	DNA	was	dissolved	 in	0.15	M	 low	endo-
toxin	phosphate	buffer	saline	(PBS)	at	concentration	
of	 1	mg/ml.	 Samples	 of	 prepared	 DNA	 were	 stored	
at	 –20	°С.	 Repeated	 freezing	 of	 DNA	 samples	 was	
avoided.	

Experimental groups.	 One	 group	 of	 BALB/c	
mice	was	injected	with	bacterial	CpG	DNA	at	a	dose	of	
5	mg/kg	body	weight	subcutaneously	into	each	right	
hind	footpad,	another	—	intraperitoneally	at	the	same	
dose.	Animals	of	control	group	were	similarly	injected	
with	DNA	from	chicken	erythrocytes	(5	mg/kg	body	
weight)	or/and	received	injections	with	PBS.

For	Ζ-potential	analysis,	bacterial	CpG	DNA	was	
injected	intraperitoneally	at	a	dose	of	5	mg/kg	body	
weight.	 In	the	case	of	tumor-bearing	C57Bl/6	mice,	
bacterial	CpG	DNA	was	injected	at	14th	day	after	LLC	
cells	inoculation.	Control	normal	or/and	tumor-bearing	
mice	received	injections	with	PBS.

Lymphoid organ sampling and cell harvesting.	
For	 investigation	 of	 single	 dose	 effects	 of	 bacterial	
CpG	DNA	on	lymphoid	organs	and	their	cell	content	
mice	were	killed	by	ether	narcosis	on	different	days	
after	injection.	Briefly,	the		tested	BALB/c	mice	were	
weighted	 and	 sacrificed,	 spleen,	 lymph	 nodes	 (LN)	
(popliteal	—	2,	groin	—	2,		axillary	—	4;	in	total	—	8)	and	
thymus	of	each	mouse	were	stripped	out,	weightened	
accurately	with	torsion	balance	and	stored	in	HBSS.	
Single-cell	suspensions	were	prepared	using	a	loosely	
fitting	glass	homogenizer,	and	passed	through	a	nylon	
mesh	filter	for	clumps	removal.	Also,	peritoneal	lavage	
fluid	was	obtained	from	peritoneal	cavity.

Cells	 were	 washed	 in	 HBSS	 and	 counted	 with	
a	 hemocytometer,	 and	 viability	 was	 determined	 by	
Trypan	blue	exclusion.	Spleen	 index	was	calculated	
after	evaluation	of	the	relative	spleen	weight	(spleen	
weight/animal’s	weight)	as	relative	spleen	weight	of	an	
experimental	mouse/relative	spleen	weight	of	a	control	
mouse	[30].	The	same	methodology	was	employed	for	
thymus	and	LN	indices.

For	 zeta-potential	 analysis,	 C57Bl/6	 mice	 were	
sacrifized	by	ether	narcosis	in	24	h	after	bacterial	CpG	
DNA	challenge,	lymphoid	organs	(spleen,	thymus	and	
LN:	popliteal	—	2,	groin	—	2,	axillary	—	4;	in	total	—	8)	
were	aseptically	removed	and	single-cell	suspensions	
were	prepared	as	described	above;	peritoneal	lavage	
fluid	cells	was	obtained	from	peritoneal	cavity	of	mice.	
Single-cell	 suspensions	 from	 thymus	 and	 LN	 were	
prepared	as	described	above,	mononuclear	cells	of	
spleen	were	isolated	by	a	standard	Ficoll	—	Verografin	
technique	and	purified	from	adherent	cell	fraction	[31].	
Purified	 macrophages	 were	 obtained	 from	 pooled	
peritoneal	lavage	fluid	cells	according	to	[31].	All	cell	
samples	were	suspended	in	RPMI	1640	(Sigma,	USA),	
supplemented	with	2%	FBS	(Gibco,	USA).		

Ζeta-potential analysis.	 Linear	 speed	 of	 cell	
movement	 in	electric	field	using	for	cellular	electro-
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phoresis	device	was	measured.	The	distance	between	
platinum	electrodes	was	5	cm,	voltage	gradient	(Е)	was	
20	 V/cm.	 The	 zeta-potential	 values	 were	 calculated	
according	to	[32,	33]	using	formula:	zeta-potential	=	
14	·	U,	where	U	is	electrophoretic	mobility	as	a	ratio	of	
experimentally	determined	cell	linear	speed	in	electric	
field	(V/cm)	to	E.	So,	zeta-potential	=	14	·	ν/Е,	mV	[33].	
Microscope	magnification	was	160	(8	×	20).	рН	of	cel-
lular	electrophoresis	buffer	was	7.4	[32].

Statistical analysis.	 Data	 are	 expressed	 as	
mean	±	 standard	 error	 of	 mean.	 For	 in vivo experi-
ments,	each	group	consisted	of	 five	mice;	zeta-po-
tential	 measurements	 were	 conducted	 20	 times	 for	
every	cell	suspension.	Each	experiment	was	repeated	
at	least	twice.	Dunnett	multiple	comparisons	test	was	
used	to	comparison	obtained	CpG	DNA/nonCpG	DNA-
treated	groups	with	control	data.	p	values	<	0.05	were	
considered	as	significant.		

RESULTS AND DIScUSSION
Subcutaneous administration of a single dose 

of Bacillus subtilis extracellular CpG DNA induces 
of transitory local lymph node hyperplasia.  Sub-
cutaneous	injection	of	a	single	dose	of	bacterial	CpG	
DNA	into	right	hind	footpad	has	resulted	in	ipsilateral	
popliteal	LN	were	significant	 larger	than	contralateral	
counteracts.	As	early	as	at	the	1st	day	after	CpG	DNA	
immunization,	total	cell	content	of	ipsilateral	popliteal	
LN	increased	approximately	2-fold	(Fig.	1)	as	compared	
to	that	index	before	immunization	(p	<	0.01)	or/and	in	
contralateral	popliteal	LN	(p	<	0.01).	During	other	13	
days	of	observation,	an	 increased	cellular	content	 in	
ipsilateral	popliteal	LN	continued	to	be	registered	with	
the	cellularity	peaking	at	the	8th	day	after	injection,	when	
total	karyocyte	number	was	12-fold	higher	in	ipsilateral	
than	in	contrlateral	popliteal	LN	or	in	PBS-injected	mice	
and	averaged	15.5	±	1.5	×	106	cells	(p	<	0.01).	After	8th	
day	of	observation,	respondent	LN	cellularity	began	to	
fall,	although	did	not	reach	control	value	even	on	14th	

day	after	bacterial	CpG	DNA	challenge.	Thus,	transitory	
lymphoid	hyperplasia	 restricted	 to	 the	drainage	 field	
to	CpG	DNA	injection	site	was	observed.	In	contrast,	
the	 ipsilateral	 popliteal	 LN	 of	 chicken	 erythrocytes	
DNA-injected	mice	did	not	significantly	change,	ap-
preciably	reflecting	the	unmethylated	CG-dinucleotide	
nature	of	the	proliferative	response	in	LN.	

It	is	important	to	note	that	s.c.	injection	of	CpG	DNA	
from	Bacillus subtilis	culture	medium	caused	also	a	
moderate,	but	significant	enlargement	of	spleen,	which	
correlated	with	augmentation	of	total	splenic	cellularity.	
Spleens	of	bacterial	CpG	DNA-treated	mice	appeared	
considerably	altered	at	just	4th	day	after	injection	(Table).	
After	4	days,	splenic	index	in	CpG	DNA-injected	mice	av-
eraged	approximately	1.5	±	0.15	(p	<	0.01)	(6th–8th	days)	
compared	with	0th	day	(1.1	±	0.04)	and	also	with	non-CpG	
DNA-injected	mice	(1.1	±	0.07).	These	data	evidence	on	
moderate	splenomegaly	development,	however,	such	
spleen	enlargement	had	a	transient	character	and	dis-
appeared	completely	in	two	weeks.	Moreover,	transitory	
low-expressed	splenomegaly,	continuing	for	7–8	days,	
correlated	with	total	splenocyte	content	(p	<	0.01).	 In	
contrast,	non-CpG	DNA-treated	mice	didn’t	show	any	
alterations	of	splenic	index	or	spleen	cell	content	during	
the	all	period	of	observation	(see	Table).

Fig. 1. CpG	DNA	from	culture	medium	of	Bacillus subtilis	induces	
lymph	node	hyperplasia	

Table. Lymphoid organ changes induced by bacterial CpG DNA administration
DNA 

admini-
stration

Lym-
phoid 
organ

Non-CpG DNA Bacterial CpG DNA
Organ index/ cell number (×106) Organ index/ cell number (×106)

day 0 day 2 day 4 day 8 day 10 day 14 day 0 day 2 day 4 day 8 day 10 day 14 
Subcuta-
neous

Spleen 1.0 ± 
0.03

110.6 ± 
8.8

1.0 ± 
0.05

115.1 ± 
8.5

1.1 ± 
0.06

120.5 ± 
10.2

1.1 ± 
0.07

126.2 ± 
5.3**

1.0 ± 
0.05

121.3 ± 
6.8

1.0 ± 
0.05

112.9 ± 
10.3

1.1 ± 
0.04

118.6 ± 
6.5

1.1 ± 
0.06

127.3 ± 
8.1

1.3 ± 
0.10*

141.2 ± 
10.8*

1.5 ± 
0.15*

193.0 ± 
12.1*

1.4 ± 
0.08*

182.6 ± 
9.6*

1.1 ± 
0.05

131.4 ± 
5.9

Thymus 1.0 ± 
0.05

87.2 ± 5.5

1.0 ± 
0.05

83.5 ± 
6.1

1.1 ± 
0.07

94.2 ± 
7.5

1.2 ± 
0.08**
96.6 ± 

5.0

1.1 ± 
0.05

86.0 ± 
4.4

1.0 ± 
0.05

88.5 ± 
5.2

1.0 ± 
0.04

83.3 ± 
6.5

1.1 ± 0.1
92.5 ± 

6.2

1.2 ± 
0.05*

107.7 ± 
4.3*

1.3 ± 
0.06*

111.1 ± 
5.0*

1.1 ± 0.1
100.5 ± 

6.0*

1.1 ± 
0.05

90.1 ± 
4.5

Spleen 1.0 ± 
0.04 

115.5 ± 
11.2

1.0 ± 
0.05

126.2 ± 
7.7

1.45 ± 
0.07*

157.3 ± 
13.0*

1.3 ± 
0.06*

148.2 ± 
8.6*

1.1 ± 
0.05* 

134.5 ± 
7.0**

1.1 ± 
0.05* 

129.0 ± 
8.8

1.0 ± 
0.05

105.2 ± 
8.2*

1.4 ± 
0.10* 

141.4 ± 
10.0*

2.0 ± 
0.20* 

196.5 ± 
15.5*

2.5 ± 
0.17* 

228.0 ± 
12.8*

2.1 ± 
0.10*

202.3 ± 
9.9*

1.2 ± 0.10 
152.0 ± 

8.4*

Intraperi-
toneal

Thymus 1.0 ± 
0.06

85.4 ± 
6.0

1.1 ± 
0.05 

95.1 ± 
3.7**

1.1 ± 0.10
95.5 ± 
5.0**

1.2 ± 
0.10*

100.0 ± 
5.5*

1.1 ± 0.10 
98.4 ± 
6.3*

1.0 ± 0.10
89.2 ± 

4.0

1.0 ± 
0.05

82.7 ± 
4.3

0.7 ± 
0.20**
60.5 ± 

7.7*

0.9 ± 0.10 
70.1 ± 
6.8**

1.0 ± 
0.05 

88.2 ± 
7.0

1.1 ± 
0.20 

98.2 ± 
6.5*

1.4 ± 
0.20*

128.5 ± 
9.4*

Lymph 
nodes1

1.0 ± 0.10 
22.2 ± 

0.9

1.1 ± 0.10  
23.6 ± 

1.1

1.2 ± 
0.05**
23.9 ± 

1.4

1.3 ± 
0.15* 

26.2 ± 
0.8*

1.1 ± 0.10 
22.2 ± 

1.0

1.1 ± 0.10 
20.1 ± 
1.0**

1.0 ± 0.10 
20.5 ± 

1.2

1.3 ± 
0.10** 
29.2 ± 
2.0*

1.7 ± 
0.30* 
38.8 ± 
2.9*

1.5 ± 
0.15* 

33.4 ± 
1.8*

1.2 ± 
0.05 

30.2 ± 
1.9*

1.0 ± 0.10 
24.7 ± 
1.0*

1Lymph nodes: popliteal — 2, groin — 2, axillary — 4; in all — 8.
*p < 0.01 compared with respective 0th day; **p < 0.05 compared with 0th day.
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Changes	 in	 thymic	 index	and	thymocyte	content	
were	similar	to	the	same	in	spleen	(see	Table).	Certain	
significant	 increases	 of	 thymic	 index	 and	 cellularity	
were	observed	 in	CpG	DNA-treated	mice	on	8th	day	
after	injection	in	contrast	to	the	non-CpG	DNA-treated	
mice,	where	these	parameters	did	not	differ	during	pe-
riod	of	investigation,	with	the	exception	of	only	8th	day	
of	observation,	when	a	little	but	significant	(p	<	0.05)	
increase	 of	 thymic	 index	 value	 has	 been	 shown.	
Consequently,	modest	increase	of	thymic	index	and	
cellular	content	caused	by	immunostimulatory	effect	
of	CpG	DNA	also	had	a	 temporal	character.	On	14th	
day	of	investigation	these	rates	have	been	normalized	
completely.

Intraperitoneal injection of a single dose of 
Bacillus subtilis extracellular CpG DNA induces 
transitory splenomegaly and aseptic peritonitis.  
Mice	that	received	i.p.	injection	with	CpG	DNA	showed	
a	dramatic	transitory	splenomegaly	(Fig.	2),	and	such	
spleen	enlargement	was	associated	with	an	increase	
in	splenic	cell	countent.	The	highest	values	of	splenic	
index	 and	 spleen	 cellularity	 were	 determined	 on	 8th	
day	 after	 immunization:	 splenic	 index	 —	 2.5	±	 0.17	
(p	<	0.01)	and	cell	content	—	228.0	±	12.8	×	106	cells	

(p	<	0.01)	 in	 comparison	 with	 control	 values	 (1.0	±	
0.05	and	105.2	±	8.2	×	106	respectively)	(see	Table).	
Non-CpG	DNA	from	chicken	erythrocytes	also	caused	
significant	increase	of	splenic	index	and	spleen	cel-
lularity	 values	 (1.45	 ±	 0.07	 and	 157.3	 ±	 13.0	×	 106	
respectively,	p	<	0.01)	on	4th	day	of	observation,	but	
such	 splenomegaly	 was	 sufficiently	 moderate	 and	
more	transitory	than	in	mice	challenged	with	bacterial	
CpG	DNA.	So,	injection	of	single	dose	of	bacterial	CpG	
DNA	provoked	spleen	enlargement	which	disappeared	
completely	only	in	14	days.	

Fig. 2. CpG	DNA	from	culture	medium	of	Bacillus subtilis	induces	
transitory	splenomegaly

It	 is	 important	 to	 emphasize,	 that	 splenomegaly	
development	in	mice	i.p.	injected	with	bacterial	CpG	
DNA	 was	 accompanied	 by	 strong	 inflammatory	 re-
sponse	in	peritoneal	cavity	(Fig.	3).	In	the	1st	day	after	
CpG	DNA	immunization,	the	total	content	of	peritoneal	
lavage	fluid	cells	was	approximately	5-fold	higher	than	
before	treatment	and	3.5-fold	higher	than	in	non-CpG	
DNA-treated	mice.	Kinetically,	cell	content	of	perito-
neal	lavage	fluid	reached	its	maximum	at	the	2nd	day	
and	at	the	beginning	of	the	4th	day	subsequently	was	
almost	normalized.		Thus,	i.p.	challenge	with	CpG	DNA	

caused	development	of	transitory	aseptic	peritonitis	in	
mice.	Non-CpG	DNA	challenge	caused	some	irrelevant	
increase	of	peritoneal	lavage	fluid	cells	(see	Fig.	3).		

Fig. 3. CpG	DNA	from	culture	medium	of	Bacillus subtilis	induces	
aseptic	peritonitis	in	mice 

Peripheral	LN	responded	by	moderate	 lymphop-
roliferative	reaction	on	bacterial	CpG	DNA	challenge	
(at	 4th	 day	 of	 observation	 a	 total	 LN	 cell	 content	
was	 approximately	 2-fold	 higher	 (p	 <	 0.01)	 than	 in	
PBS-treated	 mice	 (data	 not	 shown),	 but	 unessen-
tially	differed	from	the	same	index	in	LN	of	non-CpG	
DNA-injected	mice).	

In	the	present	study,	a	significant	decline	of	thymic	
index	 and	 thymocyte	 content	 was	 observed	 at	 the	
2nd	day	after	administration	of	a	single	dose	CpG	DNA.	
According	to	Table,	thymic	index	decreased	to	0.7	±	
0.2	(p	<	0.05)	compared	to	1.0	±	0.1	on	0th	day,	total	
cellularity	decreased	approximately	by	25%	(60.5	±	7.7	
versus	82.7	±	4.3	×	106	cells	(p	<	0.01)	respectively).	
However,	beginning	from	4th	day,	the	slow	decreases	
of	thymic	index	and	cellularity	were	observed.	At	8th	
day	these	values	have	reached	for	control	values,	and	
at	14th	day	they	have	substantially	exceeded	(thymic	
index	 —	 1.4	 ±	 0.2,	 thymocyte	 content	 —	 128.5	 ±	
9.4	×	106	 cells,	 p	 <	 0.01).	 Interestingly,	 insignificant	
increase	of	indices	in	thymus	non-CpG	DNA-injected	
mice	was	observed	only	at	the	8th	day	after	injection.	
Thus,	response	of	thymus	on	challenge	with	bacterial	
DNA	 containing	 unmethylated	 CG-dinucleotides	 as	
antigenic	substance	was	of	bi-phase	character:	initial	
phase	characterized	by	increase	of	thymic	index	and	
cell	content	in	response	to	antigen	as	a	stimulus,	and	
the	late	proliferative	phase.	

CpG	 DNA	 represents	 a	 component	 of	 antigenic	
composition	 of	 infectious	 agents	 that	 serves	 as	 an	
innate	 immune	 system	 stimulus	 which	 imitates	 in-
fectious	 danger.	 CpG	 DNA	 triggers	 innate	 non-self	
pattern	recognition	and	thus	can	initiate	specific	Th1	
polarized	 [20]	 immune	 responses	 [34].	 Lipford	 and	
colleagues	 [35,	 36]	 have	 demonstrated	 that	 in	 the	
first	24	h	after	injection,	CpG	DNA	triggers	a	transient	
systemic	release	of	various	cytokines	which	will	regu-
late	 subsequently	 the	 level	 and	 duration	 of	 specific	
immune	response.	Various	microbial	substances	are	
well	known	inducers	of	splenic	hemopoiesis	in	mice	
[37],	and	bacterial	CpG	DNA	or	CpG-containing	ODN	
polyclonally	activate	B	cells	and	stimulate	DC	and	mac-
rophages	to	secrete	large	amounts	of	hemopoietically	
active	cytokines	such	as	IL-1,	GM-CSF,	IL-1,	IL-12	and	
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TNFα	[38].	Transient	splenomegaly	is	considered	to	be	
typical	reaction	in	mice	challenged	with	CpG	DNA	or	
high	doses	of	phosphorothioate	ODN	with	or	without	
CpG	motifs	[39–41]	and	also	can	be	used	for	selec-
tion	immunopharmacological	active	CpG-containing	
ODN.	Initially,	it	seemed	that	observed	spleen	enlarge-
ment	reflected	CpG	DNA-induced	B	cell	mitogenicity	
[42].	However,	Sparwasser	and	colleagues	[39]	have	
showed	that	sequence-specific	and	dose-dependent	
CpG	ODN-induced	splenomegaly	in	mice	correlated	
with	increased	extramedulary	hemopoiesis,	and	mas-
sive	increase	in	splenic	numbers	of	granulocyte-mac-
rophage	and	early	erythroid	progenitor	cells	observed	
at	 6th	 day	 after	 CpG	 ODNs	 administration.	 Possible	
mechanism	 of	 CpG	 ODN	 effects	 on	 extramedullary	
hemaetopoiesis	 triggered	via	 induction	of	cytokines	
mobilizing	bone	marrow	cells	to	spleen	has	been	sup-
posed	[39].	Here	we	have	showed	that	single	injection	
of	CpG	DNA	from	Bacillus subtilis	culture	medium	is	
able	to	cause	marked	spleen	enlargement	following	
increase	 of	 total	 splenic	 cell	 content	 with	 maximum	
at	 8th	 day	 after	 bacterial	 DNA	 challenge.	 Moreover,	
splenomegaly,	in	fact,	was	sufficiently	transitory	and	
CpG-motifs-dependent,	 because	 mice	 challenged	
by	non-CpG	DNA	from	chicken	erhytrocytes	did	not	
display	significant	spleen	changes.	

Recently,	Lipford	with	co-authors	[35]	have	showed	
CpG	DNA-induced	transient	 local	 lymphadenopathy	
in	mice	as	response	of	organism	to	bacterial	antigen	
challenge	followed	by	rapid	proliferative	response	in	
lymphoid	 follicles	 draining	 of	 pathogen	 penetration	
site.	In	addition,	CpG-induced	local	lymphadenopathy,	
characterized	by	elevated	DC	content	in	respondent	
LN,	 was	 associated	 with	 long-lasting	 local	 immune	
hypersensitivity,	 which	 promoted	 CTL	 and	 Th1	 re-
sponses	 to	challenged	antigen	or	 induced	 infection	
[35].	 Evidence	 from	 our	 experiments	 suggests	 that	
hyperplasia	of	ipsilateral	popliteal	LN	in	bacterial	CpG	
DNA-injected	 mice	 is	 a	 result	 of	 strong	 proliferative	
response.	These	data	confirm	an	evidence	that	bacte-
rial	CpG	DNA	is	a	strong	bacterial	antigen	with	highly	
expressed	 mitogenetic	 activity,	 as	 it	 was	 confirmed	
by	earlier	 formulated	 theory	of	“danger	signal”	 [34,	
42].	Moreover,	prolonged	immunoproliferative	effect	
indicate	 the	 potential	 immunostimulatory	 activity	 of	
bacterial	CpG	DNA,	which	can	be	successfully	used	
in	improvement	and	prolongation	of	immune	response	
to	low	immunogenic	antigens,	e.g.	tumor-specific	or	
tumor-associated	antigens	[18,	35,	43].

Challenge	with	prokaryotic	DNA	results	in	signifi-
cant	inflammation	when	compared	to	eukaryotic	DNA.	
The	present	results	showed	that	i.p.	injected	bacterial	
CpG	DNA	causes	aseptic	inflammation	accompanied	
with	rapid	increase	of	total	peritoneal	lavage	fluid	cell	
content.	 These	 data	 support	 earlier	 findings	 which	
showed	that	intratracheal	instillation	of	bacterial	DNA	
in	mice	results	 in	a	4-fold	increase	in	the	content	of	
cells	 lavaged	 from	 the	 lower	 respiratory	 tract	 when	
compared	 to	 instillation	 of	 calf	 thymus	 DNA	 [5].	 In	
comparison,	DNA	from	chicken	erhytrocytes,	which	

contained	related	moderate	number	of	unmethylated	
CpG-motifs	 than	 in	 Bacillus subtilis	 culture	 medium	
DNA,	 induced	almost	 imperceptible	 increase	of	cell	
number	in	fluid	from	peritoneal	cavity	of	mice.	

It	is	important	to	emphasize	that	in	this	study	bac-
terial	CpG	DNA	did	not	display	toxicity	and	all	animals	
were	alive	and	did	not	show	no	abnormality	during	the	
period	of	observation.	The	ability	to	augment	protec-
tive	 immune	 responses	 with	 minimal	 side	 effects	 is	
quintessential	for	a	good	immunoadjuvants.	Accord-
ing	to	these	data	and	another	reports,	CpG	DNA	is	an	
attractive	candidate	to	immunoadjuvants	because	of	
its	 comparatively	 less	 toxic	 than	 other	 adjuvants	 or	
bacterial	lipopolysaccharides	[44].	However,	in	several	
studies	various	changes	in	tissue	histomorphology	ap-
pear	to	be	closely	related	to	adverse	and	toxic	effects	
that	have	been	observed	upon	repeated	administration	
of	CpG	ODN	in	rodents	and	primates.	The	most	com-
mon	examples	of	phosphorothioate	CpG	ODN	effects	
following	 systemic	 administration	 in	 mice	 include	
dose-dependent	splenomegaly,	lymphoid	hyperplasia,	
and	mixed	mononuclear	cell	 infiltration	in	numerous	
tissues,	e.g.	lung,	liver,	kidney.	These	effects	appear	
to	be	interrelated	and	are	collectively	regarded	as	a	
form	of	immune	stimulation	[45].	Upon	repetitive	CpG	
ODN	 administration,	 Heikenwalder	 and	 colleagues	
[46]	 observed	 lymphoid	 microarchitectural	 damage	
proportional	to	the	duration	of	treatment.	Furthermore,	
treatment	for	more	than	14	days	elicited	grave	systemic	
toxicity,	 including	 peritonitis,	 hepatotoxicity,	 aseptic	
hemorrhagic	ascites	containing	primarily	vacuolated	
macrophages,	mesothelial	cells,	lymphocytes	and	rare	
neutrophils.	All	effects	were	strictly	dependent	on	the	
presence	 of	 CpG-motifs	 in	 ODN	 and	 on	 expression	
of	TLR9,	moreover,	hepatotoxicity	and	splenomegaly	
were	caused	by	IFN	and,	to	a	lesser	extent,	TNF.	Thus,	
in	addition	to	transitory	hyperplasia	of	some	lymphoid	
organs,	 administration	 of	 high	 doses	 CpG	 DNA	 can	
cause	 sufficiently	 serious	 adverse	 effects,	 which	
should	be	undeviatingly	avoided	in	CpG	DNA	immu-
notherapy	of	patients.	

Effects of Bacillus subtilis extracellular CpG 
DNA immunization of normal and tumor-bearing 
mice on zeta-potential of immune system cells. 

	Electrokinetic	potential	plays	a	significant	 role	 in	
interaction	of	immune	system	effector	cells	and	target	
cells.	In	this	study	the	effects	of	imunotherapeutic	ap-
plication	of	bacterial	CpG	DNA	on	zeta	potential	of	im-
mune	system	cells	in	normal	and	tumor-bearing	mice	
have	been	studied.	Experimental	mice	were	divided	
on	four	groups:	two	groups	(5	animals/group)	include	
normal	mice,	which	were	intraperitoneally	immunized	
by	100	μg	CpG	DNA	or	injected	with	PBS,	another	two	
groups	include	mice	with	transplantable	tumor	—	LLC,	
which	were	similarly	treated	on	14th	day	post	tumor	cell	
inoculation.	In	24	h,	zeta-potentials	of	immune	system	
cells	of	mice	from	these	groups	were	estimated.	

Immunization	of	control	animals	with	bacterial	DNA	
containing	unmethylated	CpG-motifs	 in	 fact	did	not	
affect	 zeta-potential	 values	 of	 thymocytes	 (18.64	 ±	
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0.82	mV	vs	16.33	±	0.41	mV	in	untreated	mice),	how-
ever	caused	noticeable	decrease	of	zeta-potential	of	
peripheral	LN	lymphocytes	(Fig.	4,	a).	Mononuclear	
cells	 of	 spleen	 similarly	 to	 thymocytes	 responded	
on	CpG	DNA	immunization	by	negligible	increase	of	
electrokinetic	potential	from	14.86	±	0.70	in	untreated	
control	mice	 to	16.22	±	1.20	mV.	Peritoneal	macro-
phages	 have	 demonstrated	 analogous	 changes	 of	
zeta-potential	(see	Fig.	4,	a).

The	development	of	tumor	didn’t	affect	electroki-
netic	potential	values	of	peritoneal	macrophages	and	
spleen	 mononuclear	 cells	 (see	 Fig.	 4,	 b),	 whereas	
immunization	 of	 LLC-bearing	 mice	 such	 immuniza-
tion	 caused	 significant	 increase	 of	 zeta-potential	 to	
17.27	±	0.29	versus	11.24	±	0.46	mV	in	macrophages	
of	untreated	LLC-bearing	mice	and	 to	23.79	±	0.83	
versus	15.11	±	1.43	mV	in	mononuclear	spleen	cells	
respectively	(see	Fig.	4,	b).

In	the	case	of	thymocytes	and	peripheral	LN	lym-
phocytes,	bacterial	CpG	DNA	challenge	showed	op-
positely	directed	effects	on	electrokinetic	potential:	in	
thymocytes	it	was	significantly	increased	in	untreated	
LLC-bearing	mice	(23.16	±	0.94	mV)	and	after	CpG	DNA	
injection	recovered	to	normal	value	17.38	±	1.06	mV.	In	
contrast,	zeta-potential	of	peripheral	LN	lymphocytes	
of	LLC-bearing	animals	decreased	to	11.61	±	0.63	mV	
versus	21.00	±	0.84	mV	in	intact	control	mice.	Admini-
stration	of	CpG	DNA	has	normalized	the	value	of	zeta-
potential	up	to	18.91	±	0.42	mV	(see	Fig.	4,	b).

Fig. 4. Effects	of	bacterial	CpG	DNA	challenge	on	zeta-potential	of	
immune	system	cells	of	normal	(a)	and	tumor-bearing	mice	(b) 

Thus,	 it	 turned	 out	 that	 tumor	 growth	 substan-
tially	does	not	affect	zeta-potential	value	of	peritoneal	
macrophages	and	mononuclear	spleen	cells,	but	at	
the	same	time	cause	its	increase	in	thymocytes	and	

decrease	—	in	peripheral	LN	lymphocytes.	Immuniza-
tion	of	tumor-bearing	mice	by	CpG	DNA	normalizes	
zeta-potential	 values	 of	 thymocytes	 and	 peripheral	
LN	lymphocytes	and	increases	—	in	macrophages	and	
mononuclear	spleen	cells.

The	 high	 binding	 of	 specific	 surface	 receptors	
of	 cytotoxic	 T	 lymphocytes,	 NK	 cells	 and	 activated	
macrophages	with	ligands	on	target	cells	is	required	
for	realization	of	cell-mediated	lysis.	It	is	known	that	
binding	of	NK	cells	with	target	cells	and	their	sensitivity	
to	cytotoxic	action	of	lymphocytes	depend	on	concen-
tration	 of	 sialic	 acid	 on	 surface	 membrane,	 electric	
charge,	 lipid	 composition	 and	 viscosity	 of	 plasma	
membrane,	 and	 mobility	 of	 surface	 cell	 structures.	
The	slightest	changes	of	conditions	and	properties	of	
living	cells,	their	subtype	characteristics	and	metabolic	
anomalies	will	be	reflected	immediately	on	the	value	
of	electrokinetic	or	zeta-potential	of	cell,	and	result	in	
changes	of	linear	speed	of	cell	in	electric	field	under	
constant	pH,	ionic	force	of	medium	and	temperature	
[47].	Surface	charge	of	normal	cells	usually	is	negative	
and	is	caused	by	high	concentration	of	membrane-as-
sociated	sialic	and	nucleic	acids,	and	polysaccharides	
[47,	48].	Since	zeta-potential	is	directly	proportional	
to	total	cell	surface	charge	and	is	determined	as	the	
difference	of	potentials	between	adsorptive	and	diffu-
sive	layers	of	counter-ions	in	a	binary	layer	of	disperse	
particle	(or	cell)	[33],	and	total	surface	charge	at	physi-
ological	pH	values	is	negative	[32],	we	may	conclude	
that	tumor	development	results	in	increased	number	of	
negatively	charged	molecules	on	thymocyte’s	surface	
and	decreased	—	in	peripheral	lymph	nodes	lympho-
cytes.	Immunization	of	tumor-bearing	mice	with	CpG	
DNA	results	in	increased	number	of	negatively	charged	
molecules	on	the	surface	of	some	cells	of	immune	sys-
tem	that	possibly	include	oligo-	or	polynucleotides	of	
injected	substance.	Also	CpG	DNA	challenge	restores	
normal	electrodynamic	conditions	on	the	surface	of	
thymocytes	and	peripheral	LN	lymphocytes.	

In	conclusion,	this	study	have	demonstrated	a	close	
correlation	between	the	hyperplasia	of	lymphoid	fol-
licles	 induced	by	challenge	with	bacterial	CpG	DNA	
and	increase	of	their	cell	content.		Thus,	in	the	host,	
DNA	 of	 microbial	 origin	 possesses	 strong	 antigenic	
properties.	 The	 degree	 and	 duration	 of	 immune	 re-
sponse	depend	on	the	mode	of	administration	of	bac-
terial	CpG	DNA.	The	presented	results	of	comparative	
studies	of	both	bacterial	and	mammalian	DNA	have	
demonstrated	a	CpG	motif-dependent	character	of	the	
effects	of	DNA	administration	on	immune	system	cells	
and	organs	in vivo.	Therefore,	these	data	together	with	
previous	results	[18]	strongly	argue	that	CpG	DNA	from	
Bacillus subtilis	culture	medium	can	be	recommended	
as	a	potent	immunoadjuvant	for	immunotherapeutic	
application	with	low	immunogenic	antigens.	
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РЕАКЦИЯ РАЗЛИЧНЫХ ОРГАНОВ ИММУННОЙ СИСТЕМЫ 
НА ВВЕДЕНИЕ БАКТЕРИАЛЬНОЙ cpG ДНК

CpG ДНК является сильным иммуностимулятором и в настоящее время изучается как адъювант при иммунотерапии 
различных заболеваний. Целью данного исследования было изучить ответ  органов иммунной системы на одноразовое 
введение бактериальной CpG ДНК. Также изучали влияние иммунизации бактериальной ДНК на ζ-потенциал лимфоид-
ных клеток и макрофагов интактных мышей и мышей — носителей опухоли. Методы: оценивали индексы и клеточность 
органов иммунной системы мышей. Для оценки ζ-потенциала использовали метод клеточного электрофореза. Результаты: 
подкожное введение бактериальной CpG ДНК индуцировало локальную транзиторную гиперплазию лимфатических узлов, 
умеренное повышение спленического индекса и клеточности селезенки, тогда как при введении препарата в брюшную 
полость наблюдали резко выраженное увеличение массы и клеточности селезенки, а также транзиторный асептический 
перитонит. Ответ тимуса на введение бактериальной ДНК состоял из двух фаз: начальной фазы — ответа на антиген как на 
стимул и поздней пролиферативной фазы. Отмечено, что опухолевый рост не влияет на ζ-потенциал перитонеальных мак-
рофагов и мононуклеарных лимфоцитов, но при этом вызывает его повышение у тимоцитов и лимфоцитов периферических 
лимфатических узлов. Кроме того, одноразовое введение бактериальной CpG ДНК нормализует ζ-потенциал тимоцитов 
и лимфоцитов периферических лимфатических узлов и повышает его в перитонеальных макрофагах и мононуклеарах 
селезенки. Выводы: в данном исследовании отмечена четкая корреляция между гиперплазией лимфоидных фолликулов, 
индуцированной введением мышам бактериальной CpG ДНК, и увеличением их клеточности. Наблюдаемые изменения  
значений ζ-потенциала клеток иммунной системы у мышей после иммунизации бактериальной CpG ДНК могут указывать 
на более выраженное накопление полианионов на поверхности макрофагов и мононуклеаров селезенки.
Ключевые слова: асептический перитонит, бактериальная CpG ДНК, гиперплазия, культуральная жидкость Bacillus subtilis, 
клетки иммунной системы, лимфоидные органы, органные индексы, спленомегалия, ζ-потенциал.
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