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[ABSTRACT] Objective: To compare the immunomodulatory property of genomic DNA from JI，今ωbacterium bovis Bacill us 

Calmette-Guérin CBCG-DNA) and polysaccharide nucleic acid fraction from l\今cobacterium bovis Bacillus Calmette-Guérin 

CBCG-PSN). Methods: Highly purified BCG-DNA was isolated. Murine splenocyte or human peripheral blood mononuclear cell 

ChPBMC) were incubated with BCG-DNA or BCG-PSN. IFN-Y in cell cultures was tested by ELlSA. Results : BCG-DNA was 

extracted; the concentration of DNA was 95.3%. Agarose electrophoresis showed that the size of BCG-DNA is 200-250 bp. 

ELISA test showed that both BCG-DNA and BCG-PSN could activate murine splenocytes and hPBMC ,and significantly in­

crease IFN一γlevel CP<O. 01). Moreover ， BCG一DNA induced higher levels of IFN-γcompared to BCG-PSN when the concen­

trat lOn二三 10μg/ml CP<O. 01) ,and such effect was dose-dependent. ConcJusion :Compared with BCG-PSN ,BCG-DNA can sig 

nificantly induce typical Th1 cytokine CIFN-Y) in vitro , and it is a potent Th1 immunoregulator. 

[KEY WORDS】 l\今cobacterium bovis Baci l1us Calmette-Guérin; genomic DNA; polysaccharide nucleic acid; immunomodu­

lation; interferon γ 

A今cobacterium bovis Bacillus Calmette卢Guérin

CBCG) is a strong non-specific immunostimulator , 
and local BCG therapy is effective in the treatment 

of cancer , But severe side effects hampered its fur­

ther application , so it is a promlsmg strategy to 

extract effective component without side effects 

from BCG , Polysaccharide nucleic acid fraction 

from BCG (BCG-PSN) is considered to be success 

ful clinical application , but there are few research­

es on immunoregulatory properties of genomic 

DNA from BCG. Recent studies have shown that a 

genomic DNA fraction from BCG (BCG-DNA) has 

strong antitumor activities and little side effects. 

These prompted us to investigate whether BCG­

DNA might be used as a immunostimulator. In this 

study , we isolated highly-purified BCG-DNA and 

compared its immunoregulatory property with that 

of BCG-PSN[J]. 

1 MATERIALS AND METHODS 

1. 1 Experimental animal Female BALB/c mice 

(weighing 20-25 g , 6-8 weeks of age at the time of 

study initiation) were obtained from BIKAI Ani­

mal Corporation. 

[Acad J Sec Mil Med Univ , 2004 , 250) :37-40J 

1. 2 Purification of BCG-DNA and product purity 

analysis Heat-killed BCG were thawed ,suspended 

in STE (0. 1 mol/L NaCl, 10 mmol/L Tris-HCl, 1 

mmol/L EDT A , pH 8. 0) and disrupted by sonica­

tion with an ultrasonic homogenize r. The disrupted 

suspension was centrifuged at 15 000 r/min for 15 

min , and the collected supernatant was placed in a 

water bath at 100C for 10 min. Then the solution 

was left at room temperature for 20 min and cen­

trifuged again at 15 000 r/min for 15 min. 10 

mg/ml trypsin was added to the supernatant to a 

final concentration of 1 mg/ml. The mixture was 

stranded in a 37C water bath for 30 min and cen­

trifuged at 15 000 r/min for 15 min. The super­

natant was then precipitated with 2 volumes of 99. 

7% ‘ ethanol and kept for 10 min at - 20C. The 

precipitate was collected , dissolved with PBS , and 

were placed in a water bath again , the solution af 

ter centrifugation was collected. The solution was 
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applied to a DEAE Sepharose Fast Flow column 

(200 mm X 25 mm , Pharmacia Biotech , Sweden). A 

stepwise gradient of 100 % solvent A 00 mmol!L 

Tris-HCl , O. 2 mol/L NaCl , 1 mmol!L EDT A , pH 

5.0) ,80% solvent A+20% solvent B 00 mmol!L 

Tris-HCl, 2 mol/L NaCl, 1 mmol!L EDT A , pH 

5.0) and 62% solvent A 十 38% solvent B at 6 

ml/min were used. The BioCAD workstation was 

used to carry out the experiments. The detector 

wavelength was set at 254/280 nm. The solution 

achieved after ion-exchange chromatography was 

applied to a Sephadex G-25 column (200 mm X 25 

mm , Pharmacia Biotech , Sweden). The column was 

equilibrated and eluted with solvent A at a flow 

rate of 5 ml/min. The same BioCAD workstation 

was applied with the detector wavelength set at 

254/280 nm. The solution was lyophilized with a 

lyophilizer (type MAXI Dry Lyo , HETO­

HOLTEN A/S. Denmark) 

DNA and RNA were quantified by the 

diphenylamine reaction with calf thymus DNA and 

by the orcinol reaction with yeast RNA , respective­

ly [J]. The size of DNA fragment was examined with 

O. 8 % agarose electrophoresis. Protein and polysac­

charide were determined by a commercial kit (Micro 

BCA Protein Assay Reagent Kit ,PIERCE) accord 

ing to the manufacturer's instruction and by the 

anthrone-sulfuric acid reaction with glucose[J]. 

1. 3 Effects of BCG-DNA and BCG-PSN on IFN­

γproduction by murine splenocyte Spleens were 

obtained from ιto 8-week-old BALB/c mice un 

der sterile conditions and single-cell suspensions 

were prepared in RPMI 1640 supplemented with 

10% FBS[2]. The splenocytes were plated at 5 X 

106/ml for the cytokine assays 0 ml!we1l) in trip­

licate in 24-well round-bottom polystyrene plates. 

BCG町DNA and BCG-PSN (polysaccharide 350 

μg/ml ， SIQI Pharmaceutical Co. Ltd. , Hunan) 

were suspended in RPMI 1640 and plated to final 

concentrations of 0 , 10 ,50 ,and 100 flg/ml for IFN­

γevaluation. The splenocytes were incubated with 

5% CO2 at 37 0 C for 72 h. The level of IFNγwas 

determined by ELISA kits (Jingmei Biotech Co. 

Ltd. ,Shenzhen). 

1. 4 Effects of BCG-DNA and BCG-PSN on IFN-
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γproduction by hPBMC 20 ml peripheral blood 

from healthy volunteers was heparinized by hep­

arin sodium (250 U/ml, No. 1 Pharmaceutical Co. 

Ltd. ,Shanghai) and then one volume of PBS was 

added for dilution. The hPBMC were obtained by 

Ficoll-Hypaque density gradient centrifugation and 

were suspended in RPMI 1640 supplemented with 

10% FBS[3]. The hPBMC (2X106 /ml) were plated 

in triplicate in 24-well round…bottom polystyrene 

plates for the cytokine assays (1 ml!well). BCG­

DNA and BCGωPSN were suspended in RPMI 1640 

and plated to final concentrations of 0 , 10 , 50 , and 

100μg/ml for IFN-γevaluation. The hPBMC were 

incubated with 5% CO2 for 72 h at 37 C. The level 

of IFN-γwas determined by human-specific ELISA 

kits (Jingmei Biotech Co. Ltd. ,Shenzhen). 

1. 5 Effects of BCG-DNA digested by DNase on 

IFN-γproduction by murine splenocyte or hPBMC 

BCG-DNA (500μg) and DNase I (2 400 U , 

HUASHUN Biotech Co ,Ltd. ,Shanghai) were dis­

solved in the solution containing 5 mmol/L MgClz 

and O. 1 mol!L Tris-HCl (pH 8. O)and the concen­

tration of BCG-DNA was adjusted to 1 mg/ml and 

incubated at 37C for 5 h. The enzymatic reaction 

was stopped by shaking with an equal volume of 

chloroform-isoamyl alcohol (24 : 1 , V /V) ,and the 

mixture was centrifuged at 10 000 r/min for 10 

min. The same procedures were repeated until the 

protein interphase disappeared. 

Murine splenocyte and hPBMC were prepared 

according to the method described above. BCG­

DNA and BCG-DNA digested by DNase were sus 

pended in RPMI 1640 and plated to final concentra­

tions of 0 , 10 ,50 ,and 100μg/ml for IFNγevalua­

tion. The cells were incubated for 72 h at 37 C and 

5 % COz• The level of IFN-γwas determined with 

‘ ELISA kits (Jingmei Biotech Co. Ltd. ,Shenzhen). 

1. 6 Statistical analysis Levels of IFNγwere 

expressed as x 士 s and analyzed with statistical 

software. The significance of differences between 

values was determined by t tes t. 

2 RESULTS 

2. 1 Product purity analysis The ratio of ab­

sorbencies at 260 nm and 280 nm was 1. 80. O. 8% 
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agarose electrophoresis showed that the size of Tab 1 Effects of BCG-DNA/BCG-PSN 

BCG-DNA is 200-250 bp and there existed no nu- on IFN-Y level in mice splenocyte 

clear acid when BCG-DNA was digested by DNase 

CFig 1). BCG-DNA was highly purified (DNA 

95. 3 % ,RNA O. 5 % ,protein O. 1 % ,polysaccharide 

3. 5 %) and differed from BCG-PSN which mainly 

consisted of polysaccharide (>85 %). 
bp 
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Fig 1 Agarose gel electrophoresis analysis of 

BCG-DNA/BCG-DNA digested with DNase 

M: DL2000 marker; 
1 : BCG-DNA digested with DNase;2 : BCG-DNA 

2.2 BCG-DNA activate murine splenocyte to pro­

duce IFN-γBoth BCG-DNA and BCG-PSN acti­

vated IFN-Y producing in murine splenocyte com­

pared to non-BCG-DNA or non-BCG-PSN CP< 

O. 01). Moreover , the level of IFNγin BCG-DNA 

group was higher than that in BCG-PSN group 

when the concentration was above 10μg/ml (P< 

0.01), and such effect was dose-de pendent CTab 

1). 

Group 

。

10μg' ml- 1 

50μg' ml- 1 

100μg' ml- 1 

Cn=3 ，:f土 S'PB/pg' ml- 1 ) 

IFN-Y 
BCG-DNA BCG-PSN 

52士 2.5 52士 2.0

118 i:: 2.5 曾提 66

142 士 2.5 骨伶 66

179土 3.6 娓娓 66

80 i:: 3.5 赞普

95 士 3. 。份提

112 土 2.5 怜曾

…P<O. 01 vs 0μg/ml group; 66p<0. 01 vs the same concen 

tration group of BCG-PSN 

2. 3 BCG-DNA activating hPB岛1C to produce 

IFN-γThe result was the same with murine 

splenocyte experiment (Tab 2). 

Tab 2 Effects of BCG-DNA/BCG-PSN on 

IFN-Y level in human PBMC 

Group 

。

10μg' ml- 1 

50μg' ml- 1 

100μg' ml- 1 

Cn=3. :f士 S'PB/pg' ml- 1 ) 

IFN-Y 
BCG-DNA BCG-PSN 

189 士 3. 6 
243士 3. 。椅势 66

296 士 3.6 据传 66

375士 3.5 樨提 66

186 士 4.0

198 i:: 3. 。孙锵

224士 4.0' 铸

300士 2. 。快抖

椅棉 P<O. 01 vs 0μg/ml group; 66 P< O. 01 vs the same concen• 

tration group of BCG-PSN 

2. 4 BCG-DNA digested by DNase have no effect 

on IFN-γlevels There was no significant eleva­

tion in the IFN-γlevels both in murine splenocyte 

group and hPB岛1C group after BCG-DNA was di­

gested by DNase(Tab 3). 

Tab 3 Effects of BCG-DNA/BCG-DNA digested with DNase on IFN-Y level in mice and human splenocyte 

Group 

。

10μg' ml- 1 

50μg' ml- 1 

100μg' ml- 1 

铃幡 P<O. 01 vs 0 f1g/ml group 

3 DISCUSSION 

Mice 
52 i:: 2.5 

118土 2.5' 祷

142士 2.5 铸特

179士 3.6 提提

BCG-DNA 
Human 

189 i:: 3.5 
243 i:: 3. 。钟椅

296 士 2.5 椅棉

375 士 3.5 铅善

Cn=3. :f土 S'PB/pg' ml- 1 ) 

BCG digested with DNase 
Mice Human 

5Z i:: Z. 5 187 i:: 4.0 
50 i:: Z.0 186 土 4. 0 
48 i:: 2.5 186 i:: 4.0 
48 士 2.1 186士 4.1

A今cobacteria ， especially Mycobacterium bovis 

strain BCG , have been investigated widely. But se­

vere side effects hampered its further application in 

human[4]. Efforts have also been made to isolate 

bacterial components with antitumor activity from 

A今cobacterium bovis strain BCG or from other my 

cobacteria , such as the active components wax D , 

cell-wall skeleton , and polysaccharide nucleic acid 
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fraction[l]. But DNA from BCG has been scarcely 

studied. In 1984 , Tokunaga et al found that a DNA 

fraction extracted from BCG had strong antitumor 

activity without direct cytotoxicity[]，日. These re­

sults suggested further investigation for BCG-DNA 

as a new immunoregulator. 

We developed practical strategies for purifying 

genomic DNA fraction from BCG by ion-exchange 

chromatography. The size of BCG-DNA is 200-250 

bp because of the procedure of cell disruption by 

sonication. The purity of the product is more than 

95 % with only a small amount of protein and 

polysaccharide. 

On the basis of these researches , we compared 

immunoregulatory activity of BCG-DNA and BCG­

PSN. Bioactivity assays showed that BCG-DNA 

acted as a Th1 immune response immunostimu­

lator , significantly increasing Th1-type cytokine 

CIFN-γ) level , which was significantly higher than 

that of BCG-PSN. To determine whether the DNA 

in BCG-DNA is essential for the immunoregulatory 

activity , BCG-DNA was digested with DNase and 

then tested for immunoregulatory activity. We 

found that DNA in BCG-DNA was essentially re 

第二军医大学学报 2004 年 1 月，第 25 卷

sponsible for its strong immunoregulatory activity. 

In addition to its antitumor activities , BCG­

DNA also shows a promlsmg application in atopic 

disorders. This study laid a foundation for further 

researches in treatment of atopic disorders by 

BCG-DNA. 
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卡介菌基因组 DNA 和卡介菌多糖核酸免疫调控活性的比较
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[摘要] 町的:比较研究卡介菌(1.今cobacterium bovis Bacillus Calmette-Guérin , BCG)基因组 DNACBCG-DNA)和卡介菌多

糖核酸 CBCG-PSN) 的免疫调控活性。=护自告:制备高纯度的 BCG-DNA ，小鼠脾细胞 Csplenocyte) 和人外周血单个核细胞 (pe

ripheral blood mononuclear cell , PBMC)分别与 BCG-DNA 和 BCG-PSN 共同培养 72 h ，采用 ELISA 方法检测细胞培养上清

中 IFNγ 的水平。结果:所制备的 BCG一DNA 纯度较高，DNA 含量达 95.3% 。琼脂糖电泳显示:BCG-DNA 片断大小集中于

200~250 bpoELISA 结果表明 BCG-DNA 与 BCG-PSN 均可显著激活小鼠脾细胞和人外周血单个核细胞，有效诱导 IFN-γ 的

产生 (P<O.01) 。当浓度达 10 问Iml 以上时，BCG-DNA 免疫调控作用优于 BCG-PSN(P<O.0 1) 。结抢:BCG-DNA 可显著

诱导 Th1 型细胞因子 IFN-ì'的产生，具有较强的免疫调控活性。

[关键词] 卡介茵;基因组 ;DNA; 多糖核酸;免疫调控;干扰素‘γ
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