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Earlier	we	have	shown	that	the	efficacy	of	specific	
immunotherapy	w	the	level	of	initial	immunoreactivity	
of	 oncological	 patients	 [1–3].	 Performance	 of	 such	
therapy	 on	 the	 background	 of	 preserved	 ability	 of	
immune	 system	 to	 form	 antitumor	 reactions	 deter-
mines	an	increase	of	medium	survival	time	(MST)	of	
oncological	 patients.	 Antitumor	 vaccine	 developed	
by	us	is	applied	in	clinics	for	prevention	of	recurrency	
and	metastasis	in	the	patients	that	underwent	surgery	
whose	immunity	is	suppressed	due	to	cancer-depend-
ent	suppression	and	after-surgical	stress.	Correction	
of	such	immunosuppression	with	the	use	of	different	
auxiliary	compounds	(adjuvants,	immunomodulators,	
sorbents)	is	very	important.

In	the	last	years	in	medical	practice	for	correction	of	
disturbed	microbiocenosis	of	living	body,	pro-	or	pre-
biotics,	i.e.	preparations	on	the	base	of	living	microbial	
cultures	or	the	products	of	their	metabolism	possessing	
immunomodulating	action	are	actively	applied.	In	the	
literature,	the	results	of	detailed	analysis	of	quantitive	
and	qualitative	changes	of	organism’s	microflora,	 its	
influence	on	the	host	in	total	and	on	immune	system	in	
particular	have	been	presented	[4–9].	 In	the	present	
work	we	aimed	to	evaluate	the	possibility	to	elevate	the	
efficacy	of	antitumor	vaccines	prepared	on	the	base	of	
cytotoxic	lectines	via	correction	of	immunological	reac-
tivity	with	the	use	of	probiotic	preparation	on	the	base	
of	 Enterococcus faecium	К-50	and	Saccharomyces 
cerevisiae	14К	that	has	been	shown	to	possess	high	
immunomodulating	activity	in vivo [10,	11].

Experiments	 were	 carried	 out	 on	 the	 model	 of	
solid	sarcoma	37	and	metastatic	Lewis	lung	carcinoma	
(3LL)	on	2-moths	old	female	Ваlb/c	and	С57В16	mice	
weighting	18–20	g	bred	in	the	vivarium	of	R.E.	Kavet-
sky	Institute	of	Experimental	Pathology,	Oncology	and	
Radiobiology	NAS	of	Ukraine	(Kyiv,	Ukraine).	All	animal	
procedures	were	approved	by	local	ethic	committee.

S	37	cells	were	 transplanted	 in	 the	 thigh	muscle	
by	5	x	105	cells/animal,	3LL	cells	—	in	the	footpad	by	
3.5	x	105	cells/animal.	The	leg	with	tumor	was	surgi-
cally	amputated	on	the	level	of	knee	joint	under	ether	
narcosis	 at	 sterile	 conditions	 when	 the	 diameter	 of	
the	primary	tumor	reached	0.8–1.0	cm.	Nonoperable	
animals	with	the	tumors	larger	than	1	cm	penetrated	
in	the	joint	and	thigh	muscle	were	selected	for	a	sepa-
rate	group	designated	as	the	one	with	the	4th	stage	of	
tumor	growth.

Anticancer	 autovaccine	 was	 prepared	 according	
to	[12]	on	the	base	of	autologous	tumor	cells	(1	х	107	
tumor	cells/ml	+	0.5	mg/ml	of	lectine	from	Bac. sub-
tilis	 IMB	 B-7025)	 and	 administered	 subcutaneously	
at	the	next	day	after	tumor	cells	transplantation	and	
then	each	3–4	days	(5	injections	in	total).	In	the	work	
probiotic	mixture	(PBM)	of	living	cultures	of	Enterococ-
cus faecium	К-50	and	Saccharomyces cerevisiae	14К	
and	the	products	of	their	synthesis	(F-PBM)	were	used	
as	 follow:	 filtrate	 (5.5	mg	 of	 protein/ml)	 of	 probiotic	
mixture	 or/and	 probiotic	 mixture	 (1	x	 108	 CFU/ml	 of	
E. faecium	+	1	x	106	CFU/ml	S. cerevisiae)	was	ad-
ministered	реr os	by	0.5	ml	for	5	times.	Additionally	
one	 experimental	 group	 of	 animals	 received	 triple	
реr os	administrations	of	0.5	ml	of	probiotic	mixture	
or	 its	 filtrate	 before	 tumor	 transplantation	 with	 2–3	
days	intervals.	

Experimental	 animals	 were	 housed	 in	 6	 groups:	
animals	 from	 the	 1st	 group	 received	 antitumor	 vac-
cine,	2nd	—	vaccine	+	PBM;		3rd	—	vaccine	+	F-PBM,	
4th	—	PBM;		5th	—	F-PBM,	whilst	the	6th	group	served	
as	a	control	and	received	0.5	ml	of	physiologic	solution	
by	respective	schedule.

Efficacy	 of	 treatment	 was	 evaluated	 by	 tumor	
growth	dynamics,	MST	of	animals	and	number/volume	
of	metastases	per	animal.		

Statistical	analysis	of	the	data	was	performed	using	
Student’s	t-test.

The	study	of	the	growth	dynamics	of	solid	sarcoma-
37	has	shown	that	tumor	growth	in	mice	that	received	
simultaneously	 the	 filtrate	 of	 probiotic	 mixture	 and	
vaccine	was	suppressed	nearly	2-fold	compared	to	the	
animals	that	received	vaccine	only.	At	the	same	time	at	
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the	day	35,	the	index	of	tumor	growth	inhibition	in	these	
animals	yielded	96.2	and	48.3%	compared	to	control	
and	vaccinated	only	animals,	respectively	(Fig.	1).

fig. 1.	Dynamics	of	tumor	growth	in	S37-bearing	animals	upon	
treatment	with	vaccine	and	filtrate	of	probiotic	mixture

The	 analysis	 of	 the	 number	 of	 animals	 without	
tumors	and	MST	—	the	main	indexes	of	the	efficacy	
of	treatment	—	demonstrated	similar	results	(Fig.	2,	
Table	1).	50%	of	mice	from	group	3	have	no	signs	of	
tumor	development	till	the	termination	of	experiment	
(day	120),	whilst	MST	in	that	group	was	2.9-fold	and	
1.6-fold	higher	than	in	control	and	vaccinated	animals,	
respectively.

fig. 2.	Rate	of	S37	tumor	appearance	in	experimental	groups	of	
animals	upon	treatment	with	vaccine,	probiotic	mixture	and/or	
its	filtrate
Table 1. Medium survival time in experimental groups of S-37 bearing animals 

Group Number 
of animals

Number of animals 
without tumors MST Р

1 (Vaccine) 8 1 56.9 ± 10.5 < 0.05
2 (Vaccine + PBM) 8 0 29.8 ± 0.76 > 0.05
3 (Vaccine + F-PBM) 8 4 91.3 ± 13.9 < 0.001
4 (PBM) 7 2 64.2 ± 15.1 > 0.05
5 (F-PBM) 7 0 62.8 ± 14.9 > 0.05
6 (Control) 10 0 31.0 ± 2.4 -

So,	 the	 combined	 application	 of	 antitumor	 vac-
cine	and	F-PMB	of	E. faecium	K-50	and	S. cerevisiae	
results	 in	suppression	of	S-37	growth	and	elevation	
of	MST	of	mice	caused	by	synergistic	effects	of	men-
tioned	preparations.

Surprisingly,	 upon	 the	 combined	 application	 of	
vaccine	and	PBM,	the	worthiest	result	has	been	reg-
istered:	in	that	group	at	the	day	18	tumors	have	been	
developed	in	100%	of	animals,	whilst	MST	was	close	
to	 that	 in	 control	 group	 (29.8	 ±	 0.76	 versus	 31.0	 ±	
2.4	days).	 At	 the	 same	 time	 probiotic	 mixture	 alone	
inhibited	tumor	growth	compared	to	the	control	group,	
but	the	difference	in	MST	was	not	significant	due	to	
big	deviations	(Fig.	3,	see	Table	1).

fig. 3.	Dynamics	of	tumor	growth	in	S37-bearing	animals	upon	
treatment	with	vaccine	and	probiotic	mixture

In	the	group	of	animals	that	received	probiotic,	the	
prolonged	latent	period	of	tumor	growth	has	been	regis-
tered:	at	the	day	35,	ITG	index	was	93.4	and	87.2%	com-
pared	to	control	and	vaccinated	animals,	respectively,	
whilst	MST	in	that	group	was	64.2	±	15.1	days	versus	
31.0	±	2.4	and	56.9	±	10.5	 in	 the	control	 (Р	>	0.05)	
and	vaccinated	groups;	big	deviations	in	MST	in	these	
groups	resulted	in	statistical	insignificance	of	results.

At	the	next	stage	of	the	research	we	have	studied	
the	efficacy	of	combined	application	of	probiotic	mixture	
and	anticancer	vaccine	on	the	model	of	metastasing	
3LL.	We	have	shown	that	during	first	20–22	days	the	sta-
ble	inhibition	of	tumor	growth	has	been	registered:	ITG	
indexes	for	groups	1,	3,	5	were	approximately	25–40%	
(Fig.	4),	whilst	in	groups	2	and	4	tumor	growth	dynamics	
was	similar	to	that	in	the	control	group.	

fig. 4.	 Dynamics	 of	 3LL	 growth	 in	 experimental	 groups	 of	
animals	upon	treatment	with	vaccine	and	probiotic	mixture	or	
its	filtrate

Analysis	of	the	number	and	volume	of	metastasis	
has	shown	that	in	vaccinated	mice	and	animals	that	re-
ceived	vaccine	+	PBM,	these	indexes	were	significantly	
lower	than	that	 in	control	group	(Table	2).	However,	
statistically	significant	difference	between	mentioned	
indexes	was	revealed	only	between	control	group	and	
the	group	that	received	combined	treatment	(35.6	±	
11.3		versus	4.5	±	2.4).	Upon	combined	application	of	
vaccine	+	PBM,	as	well	as	PBM	alone	the	most	poor	
result	has	been	registered:	the	volume	of	metastases	in	
that	group	was	nearly	2-fold	higher	than	that	in	control	
group.	At	the	same	time	administration	of	PBM’s	filtrate	
prevented	 the	 development	 of	 metastases	 in	 100%	
animals	to	the	date	of	termination	of	experiment.

On	the	background	of	administration	of	filtrate	of	pro-
bitic		mixture	in vivo,	antitumor	vaccination	resulted	in	sig-
nificant	decrease	of		the	volume	of	metastases	compared	
to	the	animals	that	received	vaccine	only.	In	the	case	of	
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combined	treatment,	the	differences	between	that	group	
and	control	one	became	statistically	significant.
Table 2. Metastases rate in experimental groups of 3LL-bearing animals 

Group
Number 
of ani-
mals

% mice 
without 
metas-
tases

Number of 
metasta-

ses

Volume of 
metastases 

(mm3)
Р

1 (Vaccine) 8 25 6.4 ± 1.7 15.4 ± 11.8 > 0.05
2 (Vaccine PBM) 6 0 14.8 ± 5.0 84.8 ± 10.9 > 0.05
3 (Vaccine + F-PBM) 6 50 5.5 ± 2.5 4.5 ± 2.4 < 0.05
4 (PMB) 5 0 9.2 ± 5.3 26.3 ± 12.7      > 0.05
5 (F-PMB) 5 100 0 0 < 0.05
6 (Control) 7 0 11.9 ±  1.7 35.6 ± 11.3 -

	 Interesting	 results	 were	 obtained	 in	 the	 group	
of	 non-operated	 mice	 (ascribed	 to	 4th	 stage))	 that	
received	 combined	 treatment	 with	 vaccine	 +	 PBM	
(Table	3).	In	that	case	the	filtrate	of	probiotic		prevented	
metastasis	(in	3	from	4	animals	metastases	were	not	
detected),	but	in	1	animal	the	volume	of	metastases	
was	greater	than	that	in	all	control	group.	
Table 3. Metastases rate in non-operated groups of 3LL-bearing animals 

Group Number 
of animals

Number 
of mice without 

metastases

% mice 
without 

metastases

Volume 
of metasta-
ses (mm3)

Vaccine 4 0 38 452.0
Vaccine + F-PBM 4 3/4 24 512.6
Control 4 1/4 45 504.1

The	mechanisms	of	action	of	applied	PBM	remains	
without	 explanations	 yet.	 First	 of	 all,	 such	 action	 of	
probiotics	may	be	caused	by	significant	elevation	of	
a	number	natural	killer	cells	and	elevation	of	their	cy-
totoxicity	[5–7,	13,	14].	As	a	possible	mechanisms	of	
action	of	probiotics	may	be	normalization	of	defense	
mechanisms	of	the	body	and	immune	regulation	of	anti-
tumor	and	inflammatory	cytokines	[5].	Also,	it	has	been	
reported	that	microbiocenosis	may	affect	the	activity	
of	cells	of	monocytaric-macrophagal	line,	production	
of	immunoglobulins,	interferons,	and	other	cytokines	
responsible	for	reactions	of	T-cell	immunity	[15,	16].

So,	an	application	of	probiotics	in	combined	treat-
ment	of	experimental	tumors	seems	to	be	reasonable,	
but	 their	 mechanism	 of	 action	 remains	 to	 be	 eluci-
dated.	The	study	of	the	components	of	the	complex	
of	metabolites	that	strongly	influence	the	total	thera-
peutic	effect	is	of	special	interest.	
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поВышение эффектиВности протиВоопухолеВой 
Вакцины с использоВанием лектина В. subtilis В-7025  
при комбинироВанном применении с пробиотиками

Целью работы было исследование возможности повысить эффективность противоопухолевых вакцин, полученных на основе 
цитотоксического лектина В. subtilis В-7025, с помощью введения пробиотической смеси Enterococcus faecium К-50 и Sac-
charomyces cerevisiae 14К и продуктов их жизнедеятельности. Материалы и методы: исследования проводили на моделях 
солидной саркомы 37 и метастазирующей карциномы легкого Льюис, оценивая эффективность лечения по параметрам 
динамики роста опухоли, средней продолжительности жизни, числу и объему метастазов. Результаты: показано, что 
комбинированное применение противоопухолевых вакцин с про- и пребиотиком приводит к повышению эффективности 
лечения саркомы 37. На модели карциномы легкого показано, що введение вакцины с пребиотиком замедляет рост  
метастазов в 2–2,5 раза по сравнению с таковым у животных, получавших только вакцину. Выводы: применение про- и 
пребиотиков (E. faecium К-50 and S. cerevisiae) повышает эффективность противоопухолевых вакцин in vivo. 
Ключевые слова: противоопухолевая вакцина, пробиотическая смесь, пребиотик, опухолевые клетки.
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