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Pancreatic	 cancer	 is	 of	 high	 malignant	 degree	
and	unfavorable	prognosis	[18].	In	recent	years,	the	
spreading	of	this	cancer	type	is	remarkably	increasing	
worldwide	[7],	and	the	diagnostic	level,	surgery	skills,	
and	systemic	chemotherapeutic	methods	have	been	
improved	 greatly.	 However,	 the	 prognosis	 remains	
poor,	 because	 the	 pancreatic	 cancer	 is	 hardly	 dia
gnosed	at	its	early	stage.	Even	if	it	is	diagnosed	at	the	
early	stage,	many	of	the	patients	with	pancreatic	can
cer	develop	liver	metastasis,	peritoneal	dissemination	
and	local	recurrence	[9,	19].	There	are	new	molecular	
biological	approaches	for	diagnosis	and	treatment	of	
pancreatic	cancer,	which	became	quite	a	hotspot	in	
the	field	[20].

Cholecystokinin	(CCK)	is	gastrointestinal	polypep
tide	hormone	possessing	many	physiological	functions	
[11].	The	bonding	of	CCK	and	its	receptor	may	provoke	
gall	bladder	 to	contract,	cause	pancreas	 to	secrete	
and	release	insulin,	pancreatic	polypeptide,	pancreatic	
bicarbonate,	etc.

The	structure	of	CCK	has	very	high	level	of	conser
vatism.	The	homology	of	CCK	amino	acid	sequences	
cloned	 from	 cDNA	 library	 of	 murine	 gall	 bladder,	
porcine	cerebrum,	and	human	gall	bladder	can	reach	
80%,	with	some	up	to	87–97%	[11].	In	recent	years,	the	
data	were	reported	that	CCK	is	involved	in	mechanism	
of	activation	and	progression	of	certain	types	of	diges
tive	tract	tumors,	especially	in	patients	with	pancreatic	
carcinoma	 [10,	 15],	 where	 CCK	 level	 is	 remarkably	
higher	than	in	healthy	people.

	Presently,	there	are	no	reports	on	the	active	gene	
therapy	focused	on	CCK	role	in	the	treatment	of	pan
creatic	 cancer.	 Thereby,	 the	 recombinant	 plasmid	

pcDNA3.1/CCK	with	porcine	CCK	was	constructed	to	
study	antitumor	effects	of	its	administration	on	experi
mental	model	of	hamster	pancreatic	cancer.

Materials and Methods
Preparation and purification of the	 recom-

binant plasmid pcDNA3.1/CCK. Porcine	 CCK	
cDNA	 fragments	 were	 produced	 by	 RTPCR	 from 
total	 RNA	 of	 the	 porcine	 pancreas	 and	 confirmed	
by	sequencing	analysis.	The	primers	(sense	primer:	
5´CCGGAATTCATGAACGGCGGCTTGTGCCTGTGTG3´	
	 and	 antisense:	 5´CCGGGATCCTGTTTTCTTCT
GCCTCCTCTGAGTC3´)	were	used	for	PCRanalyses.	
The	 amplified	 porcine	 CCK	 cDNA	 fragments	 were	
cloned	 into	 the	 pcDNA3.1	 vector	 at	 the	 restriction	
enzyme	 sites	 of	 EcoR1/BamH1.	 The	 recombinant	
plasmid	 pcDNA3.1/CCK	 was	 prepared	 by	 bacterial	
fermentation	and	purified	by	standard	double	CsCl
ethidium	bromide	gradient	ultracentrifugation	followed	
by	ethanol	precipitation	and	dialysis.	All	plasmid	DNA	
preparations	were	free	of	detectable	RNA,	and	endo
toxin	level	was	less	than	0.06	units/µg	of	plasmid	DNA.	
The	spectrophotometric	A260/A280	 ratio	was	between	
1.80	and	2.0.

Experimental animals.	 Fourweek	 old	 female	
Syrian	 golden	 hamsters	 (from	 Lanzhou	 Institute	 of	
Biological	Products)	were	used	in	the	study.	The	ani
mals	were	maintained	under	standardized	conditions	
(temperature,	 20	 oC	 ±	 5	 oC;	 humidity,	 40%	 ±	 10%;	
light/dark	cycle,12	h/12	h)	and	given	standard	food	
and	freechoice	water.	The	animal	experimental	pro
tocols	were	approved	by	the	Animal	Experiment	Center	
of	Xi’an	Jiaotong	University.

Pancreatic tumor and liver metastasis models. 
Under	adequate	anesthesia	with	60	mg/kg	mebumal	
sodium,	 laparotomy	 was	 performed	 on	 4weekold	
hamsters	 and	 a	 suspension	 of	 1	 ×	 106	 PGHAM1	
cells	 (hamster	 pancreatic	 cancer	 cell	 lines,	 Nippon	
Medical	School,	Tokyo,	Japan)	was	injected	into	the	
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pancreas	through	a	27G	tuberculin	needle	to	estab
lish	orthotopic	model	of	pancreatic	cancer.	21	days	
after	operation,	the	hamsters	were	sacrificed	and	the	
orthotopic	tumors	were	removed.	The	tumor	dimen
sions	 were	 determined	 by	 measuring	 with	 calipers,	
and	 its	 volume	 was	 estimated	 by	 formula:	 tumor	
volume	 (mm3)	=	π/6	 ×	 length	×	width	×	height	 [14].	
The	liver	metastasis	model	of	pancreatic	cancer	was	
established	by	the	same	way	as	orthotopic	model	of	
pancreatic	cancer.	With	the	same	method	and	under	
the	same	conditions,	a	suspension	of	1	×	106	PGHAM1	
cells	was	injected	into	the	spleen	of	hamsters.	Four
teen	days	after	operation,	the	spleens	were	removed	
after	ligament	application	on	the	spleen	artery	and	vein	
[19].	21	days	after	operation,	animals	were	sacrificed,	
and	 livers	 were	 removed	 and	 fixed	 in	 10%	 buffered	
formalin	followed	with	counting	of	tumor	nodules.

In vivo gene transfer using direct intramuscular 
injection approach.	 Hamsters	 were	 anesthetized	
with	mebumal	sodium,	shaved	to	remove	hair	from	the	
lateral	surface	of	the	hind	limb,	and	50	µl	of	a	solution	
of	pcDNA3.1/CCK	was	 injected	 into	 the	quadriceps	
muscles	of	thighs.	The	intramuscular	(i.	m.)	injections	
were	performed	by	using	a	sterile,	300	µl	tuberculin	
syringes	fitted	with	a	28G	needle	modified	with	a	plastic	
collar	 cut	 from	 a	 200	 µl	 micropipette	 tip.	 The	 collar	
length	was	adjusted	to	limit	the	needle	from	penetra
ting	the	quadriceps	muscles	[1,	8,	21].

RT-PCR analysis.	 Muscle	 tissue	 around	 the	 in
jection	 region	 was	 excised	 for	 total	 RNA	 extraction	
using	 total	 RNA	 isolation	 kit	 (Promega,	 USA).	 RNA	
was	 reverse	 transcribed.	 The	 first	 strand	 cDNA	 was	
synthesized	 from	1	µg	 total	RNA	 in	a	20	µl	 reaction	
volume	 following	 the	 standard	 reverse	 transcription	
protocol	 using	 random	 hexamers	 as	 primers.	 This	
cDNA	was	amplified	in	50	µl	PCR	mixture	using	primers	
as	mentioned	above.

Detection of anti-CCK. To	 check	 the	 level	 of	
antiCCK	antibodies,	the	hamsters	were	bled	from	the 
orbital	vein,	and	blood	serum	was	collected	at	certain	
intervals	after	immunization.	For	determination	of	an
tibody	levels	in	blood	serum	of	immunized	and	control	
animals,	ELISA	was	used.	96well	plates	were	coated	
with	100	µl	(10	µg/ml)	of	porcine	CCK	(selfmade)	in	
0.05	M	carbonate/bicarbonate	buffer	(pH	9.6)	over
night	at	4	oC.	The	plates	were	then	washed	five	times	
with	a	solution	of	0.05%	Tween20	in	PBS	saturated	
with	skim	milk	protein	for	2	h	at	37	oC.	Serum	samples	
(100	µl	per	well)	were	diluted	in	a	twofold	series	with	
1	:	100	Tween	20	in	PBS	buffer	containing	bovine	se
rum	albumin,	and	then	were	added	to	each	well.	Each	
plate	was	incubated	at	37	oC	for	1	h.	Horseradish	per
oxidaseconjugated	sheep	antimouse	IgG	(1	:	1000)	
was	added	to	each	well	and	incubated	at	37	oC	for	1	h.	
After	adding	substrate	solution	(3,3´,5,5´tetramethyl
benzidine,	 Sigma),	 plates	 were	 incubated	 at	 37	 oC	
for	 another	 10	 min.	 The	 reaction	 was	 then	 stopped	
by	 addition	 of	 2	 M	 H2SO4.	 The	 absorbance	 values	
were	read	at	450	nm	(A450)	in	an	ELISA	reader.	The	
results	were	expressed	as	optical	density	(OD).	Each	

antibody	 determination	 was	 performed	 in	 triplicate	
and	volumes	(means	±	SD)	were	calculated	for	each	
assay	determination.

Analysis for tumor cell apoptosis and proli-
feration.	Paraffin	sections	(5	µm)	of	FAAfixed	tissues	
were	stained	for	markers	of	apoptosis	and	prolifera
tion.	Apoptosis	was	detected	using	the	terminal	de
oxynucleotidyl	transferase	(TdT)mediated	dUTP	nick	
end	labelling	(TUNEL)	technique	with	an	in situ	death	
detection	 kit	 (Neomarkers,	 MS106R7)	 according	
to	the	instructions	of	manufacturer.	Proliferating	cell	
nuclear	 antigen	 (PCNA)	 was	 detected	 using	 mouse	
antiPCNA	Mab	(DAKO,	K3954) prior	to	tissue	staining.	
Stained	sections	were	examined	using	 light	micros
copy.	From	each	section,	5	microscopic	fields	showing	
the	highest	positive	staining	at	200fold	magnification	
were	selected	and	 the	number	of	positive	cells	was	
counted.	All	microscopic	examinations	were	done	in
dependently	by	two	investigators.	The	average	number	
of	positive	cells	per	high	power	field	(HPF)	±	SEM	for	
each	section	was	presented.

Statistical analysis. Tumor	 volume,	 antibody	
titer,	 apoptosis	 and	 proliferation	 of	 tumor	 cells	 and	
liver	 tumor	nodules	were	all	analyzed	by	using	non
parametric	statistical	test.	Survival	was	analyzed	using	
Kaplan	—	Meier	survival	plot	followed	by	a	Log	rank	test	
to	identify	significant	differences	in	survival	between	
the	groups.	Differences	were	considered	statistically	
significant	when	the	P	value	was	<	0.05.

resUlts
Porcine CCK gene expression in hamster 

skeletal muscles. RTPCR	analysis	of	RNA	samples	
extracted	from	the	muscle	at	 the	7th	day	after	 intra
muscular	 injection	 of	 pcDNA3.1/CCK	 revealed	 that	
porcine	CCK	gene	was	transcribed	in	the	local	muscle,	
and	in	the	groups	with	null	plasmid	and	saline	these	
fragments	were	not	detected	(Fig.	1).

Fig. 1. RTPCR	detection	of	porcine	CCK	mRNA	in	muscle	tis
sue	injected	with	CCK	pDNA.	Lanes	1	and	2:	the	fragments	of	
CCK	were	detected	in	skeletal	muscle	on	day	7	after	injection	
of	porcine	CCK	pDNA	(430	bp);	lanes	3	and	4:	the	fragments	of	
CCK	were	not	detected	in	skeletal	muscle	on	day	7	after	injection	
of	null	plasmid	and	saline;	lane	M:	DNA	marker

Antibody level after intramuscular injection 
of porcine CCK.	Fifty	hamsters	were	included	in	the	
study,	 10	 in	 each	 group.	 The	 result	 showed	 that	 all	
hamsters	injected	with	pcDNA3.1/CCK	have	genera
ted	specific	antiCCKantibodies.	The antibody	level	
gradually	increased	after	inoculation, and	reached	its	
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peak	at	the	6th	week	after	injection	and	began	to	de
crease	after	the	8th	week	(Fig.	2).	Also	we	have	shown	
that	the	antibody	level	gradually	increased	along	with	
additional	 inoculations	of	pcDNA3.1/CCK.	The	anti
body	level	in	blood	serum	of	animals	inoculated	3	times	
was	significantly	higher	than	that	in	animals	inoculated	
once	 or	 twice (P	=	 0.021);	 however,	 no	 statistically	
significant	difference	was	found	for	that	index	between	
the	hamsters	inoculated	3	times	and	those	inoculated	
4	times	(P =	0.779)	(see	Fig.	2).	

Fig. 2. AntiCCKantibody	 level	 in	blood	serum	of	experimental	
animals	vaccinated	1–4	times

Therapeutic action of	 pcDNA3.1/CCK on or-
thotopic tumor.	To	evaluate	the	antitumor	effect	of	
pcDNA3.1/CCK	 vaccination,	 72	 hamsters	 bearing	
orthotopic	 tumors	 were	 involved	 in	 the	 study,	 12	 in	
each	group.	Each	animal	was	injected	with	100	µg	of	

porcine	 pcDNA3.1/CCK	 or	 control	 pcDNA3.1,	once	
per	week	for	3	weeks,	beginning	from	the	day	of	tumor	
cells	transplantation.	In	the	group	of	animals	with	or
thotopic	pancreatic	tumors	and	injected	with	porcine	
pcDNA3.1/CCK,	significant	reduction	in	tumor	volume	
at	 21th	 day	after	 tumor	 cell	 implantation	 compared	
with	 control	 pcDNA3.1treated	 hamsters	 (P	 <	 0.01)	
has	been	observed	(Fig.	3,	a)	as	well	as	significantly	
increased	survival	rate	(the	majority	of	animals	in	that	
group	survived	up	to	40th	day).	In	contrast,	only	a	small	
portion of	the	control	pcDNA3.1treated	hamsters	sur
vived	(P	=	0.029)	(Fig.	3,	b).	Hamsters	with	orthotopic	
pancreatic	tumors	injected	with	sodium	chloride	had	
the	same	rate	of	tumor	growth	as	the	hamsters	treated	
with	the	control	plasmid	(P	=	0.75).

 Apoptosis and proliferation of tumor cells.	
Apoptosis	of	the	orthotopic	tumor	cells	was	evaluated	
by	TUNEL	staining	 that	 indicated	significantly	higher	
apoptosis	 rate	 in	 the	 treatment	group	(mean	±	SD):	
17.21	±	3.87%	 in	 the	 treatment	group versus	9.64	±	
2.13%	 in	 the	control	group	(P	<	0.001)	 (Fig.	4).	Pro
liferation	of	the	orthotopic	tumor	cells	was	estimated	
by	PCNA	staining.	Only	few	PCNApositive	tumor	cells	
were	observed	in		treated	group,	much	higher	number	
in	the	control	group	(Fig.	4):	PCNA	scores	(mean	±	SD)	
of	11.33	±	2.72%	in	the	treatment	group versus 16.10	±	
3.66%	in	control	group	(P	=	0.013).

Fig. 4. Analysis	of	apoptosis	and	proliferation	of	tumor	cells.	Apoptosis	of	the	orthotopic	tumor	cells	was	determined	by	TUNEL	
staining.	(a)	Normal	pancreatic	cells	of	hamster	(write	arrow).	(b)	A	high	density	of	positively	stained	apoptotic	cells	was	observed	
in	the	porcine	CCK	pDNA	treatment	group	(write	arrow).	(c)	Few	apoptotic	cells	were	detected	in	the	control	group	(write	arrow)	
(P	<	0.001).	Proliferation	of	 the	orthotopic	tumor	cells	was	analyzed	by	PCNA	staining.	(d)	Normal	pancreatic	cells	of	hamster	
(black	arrow).	(e)	Few	positive	cells	were	observed	in	the	treatment	group	(black	arrow).	(f)	More	positive	cells	were	detected	in	
the	control	group	(black	arrow)	(P	=	0.013)
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Fig. 3. Antitumor	efficacy	of	porcine	CCK	pDNA	delivered	by	i.	m.	
injection	in	tumor	models.	Tumor	growth	and	survival	are	shown	
for	hamsters	bearing	orthotopic	pancreatic	tumors

Therapeutic effect of	 pcDNA3.1/CCK on 
hamster liver metastasis.	A	liver	metastasis	model	
was	established	in	our	laboratory.	36	hamsters	were	
injected	into	the	spleen	with	PGHAM1	cells	to	induce		
liver	 metastases.	 On	 the	 same	 day	 the	 hamsters	
(n	=	12	per	group)	received	i.	m.	injections	of	100	µg	
of	either	pcDNA3.1/CCK	or	control	pcDNA3.1	once	
a	 week	 for	 3	weeks.	 On	 21th	 day after	 tumor	 cells	
injection,	 the	 hamsters	 were	 sacrificed	 and	 liver	
tumor	nodules	were	counted.	The	hamsters	 treated	
with	 pcDNA3.1/CCK	 had	 fewer	liver	 nodules	 (3.5	 ±	
1.7)	than	those	treated	with	control	pcDNA3.1	(7.5	±	
3.6)	(P	<	0.01).	The	number	of	liver	metastases	in	the	
control	pcDNA3.1treated	group	was	similar	to	that	in	
salinetreated	group	(8.5	±	4.8)	(P	=	0.557)	(Fig.	5).

Fig. 5. Number	of	 liver	metastases	 in	hamsters	bearing	pan
creatic	cancer

disCUssion
DNA	vaccination	is	a	perspective	gene	therapeutic	

method	developing	in	recent	years.	Exogenous	gene	
that	coded	a	certain	antigen	protein	is	transferred	into	
the	body	to	express	antigenic	protein	in	host	cells	for	
further	 induction	 of	 the	 host’s	 immune	 response	 to	

this	protein	 [3,	4,	12,	13].	Recently,	a	new	tendency	
appeared	 in	 the	 field	 of	 the	 tumor	 treatment	 where	
gene	variant	or	xenogeneic	homologue	of	 target	an
tigen	 is	 introduced	that	may	break	 immunotolerance	
and	 provoke	 antitumor	 immune	 response	 resulting	
in	longlasting	tumor	rejection	[2,	5,	6,	16,	17].	Weber	
and	others	[16]	vaccinated	the	mice	with	pDNA/hgp75	
(constructed	with	human	melanoma	cellular	membrane	
glycoprotein	gp75	gene)	and	found	that	lung	metastasis	
in	vaccinated	animals	decreased	by	86%.

Our	study	demonstrates	that	orthotopic	tumors	and	
metastasis	in	hamsters	can	be	treated	by	distant	intra
muscular	delivery	of	plasmid	coding	porcine	CCK.	Our	
results	revealed	that	hamsters	with	pancreatic	tumor	
after	i.m.	injection	of	pcDNA3.1/CCK	had	a	significant	
reduction	of	tumor	volume,	a	decrease	in	the	number	
of	 liver	 metastasis	 and	 a	 remarkable	 enhancement	
of	survival	rate	compared	to	the	control	group.	It	was	
also	detected	that	in	the	treated	group	the	apoptosis	
index	of	tumor	cells	was	higher	and	the	proliferation	
index	of	tumor	cells	was	lower	in	comparison	with	the	
control	group.

The	 mechanism	 of	 antitumor	 effect	 of	 porcine	
CCK	pDNA	is	not	clear.	Our	studies	suggest	that	the	
recombinant	plasmid	injected	into	muscle	of	hamsters	
can	induce	a	specific	humoral	immune	response	and	
produce	specific	antibody.	The	combination	of	specific	
antibody	with	antigen	may	inhibit	the	antigen	binding	
with	 its	receptor,	and	further	 inhibit	 the	proliferation	
and	 accelerate	 the	 apoptosis	 of	 tumor	 cells.	 Thus,	
tumor	may	be	potentially	depressed.	At	present	the	
observation	 of	 cellular	 immune	 response	 is	 being	
undertaken.	To	address	 the	possible	mechanism	of	
immunotherapy	 of	 recombinant	 plasmid	 encoding	
porcine	CCK,	further	studies	are	needed.

In	conclusion,	intramuscular	injection	of	recombi
nant	plasmid	coding	porcine	CCK	resulted	in	reduced	
tumor	 volume	 and	 prolonged	 survival	 of	 hamsters	
bearing	pancreatic	cancer.
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Генная терапия рака поджелудочной железы 
 с использованием плазмиды pcdna3.1/CCK  

C ксеноГенным ХолеЦистокинином
Цель: изучить терапевтический эффект введения рекомбинантной плазмиды pcDNA3.1/CCK, содержащей ген холецисто-
кинина (CCK) свиньи. Методы: фрагменты КДНК CCK свиньи были клонированы в вектор pcDNA3.1. Рекомбинантную 
плазмиду pcDNA3.1/CCK вводили внутримышечно золотистому сирийскому хомяку и изучали противоопухолевый эффект 
на ортотопической опухоли поджелудочной железы и таковой, метастазирующей в печень, для чего в поджелудочную же-
лезу или селезенку хомяка вводили 1 × 106 клеток линии PGHAM-1. Результаты: показано, что плазмида pcDNA3.1/CCK 
длительно экспрессируется в тканях хомяка и стимулирует синтез специфических антител. Уровень этих антител зависит 
от доз и частоты инокуляции. В экспериментальной группе обнаружено значительное уменьшение размера опухолей по 
сравнению с контролем, уменьшение количества метастазов в печень и увеличение периода выживания животных. Выво-
ды: внутримышечное введение плазмиды pcDNA3.1/CCK оказывает противоопухолевый эффект при раке поджелудочной 
железы в модели in vivo.
Ключевые слова: холецистокинин, рак поджелудочной железы, генная терапия, противоопухолевый эффект, иммуното-
лерантность, pcDNA3.1/CCK.
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