
��������  � 21 � � 28 �  2017	10	08 
� 

Chinese Journal of Tissue Engineering Research  October 8, 2017  Vol.21, No.28 

�

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH                                                                         

4493 

www.CRTER.org 

�������

������1990���

�	
�������

2017���������

�����������

 !"#$% 

 

&'()*�+,�-��

�.���/0�12�

345��671�89

  100012  

 

�����:R318 

���	
:A 

����:2095-4344 

(2017)28-04493-06 

�����2017-06-03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhang Xue-mei, Master, 

Physician, School of 

Stomatology, Weifang 

Medical University, Weifang 

261053, Shandong Province, 

China 

 

Corresponding author: 

Zhang Bao-rong, M.D., Chief 

physician, Department of 

Stomatology, Aviation 

General Hospital of Chinese 

Medical University, Beijing 

100012, China 

 

�

��

�

��real-time PCR������	
������ 

��������� 

�

��

�

���

�
����

�
��  �

�
���	

�
 (

�
�����������	
����  261053������������

�
����

�
����

���  100012

�
����������� �����!����  102206)"

������������������	. 
� real-time PCR�������������������� !"[J].#$%&

'�!"�2017�21(28):4493-4498. 

DOI:10.3969/j.issn.2095-4344.2017.28.011      ORCID: 0000-0002-5994-0713(���) 

 

������� 

 

 

   

 

 

 

 

 

����� 

	
��
����������������������� �!"#$��%&'()�*�+(

)�,-./01(234567486)9:;61<�=>?@/0AB�CDE�'FG,H�IJKLM�

NOP7Q�RST�UVW45XY�,EZ[\]^�_`��abc����de���f@ 

����
456gh4�I1JijklmnJo�pq�r`�hstG,Jo�4O6uvw45

XY>x�y_45z{XYJ6|7}~�a45Q��9�������74�������Uy_4

�)7=��@g����-4b��J�������456��J 95%@ 

 

�� 

���/0���No�456J>j>x����@�1bc���=��g1f� J_`��A

,456��O]�I1¡��¢,45£¤-¥1¦%¡§¨��_`�U%N,45JZ©ª«��@ 

���¬bc���No�456�®>x¯°±²�³J45´µ¶·J�¸@ 

���¹º 2015� 7»¼ 2016� 8»,½¾¿ÀÁ/0Â�ÃJ 132Äo�456��7 40Ä45£¤��

ÅÆ´µ¡ÇÈÉÊË�Ìo�456��Í�ÎÏX(n=41)91ÏX(n=46)7ÐÏX(n=45)@�Ñl���JO

]�I�³Ò TaqManÓ�ÔÕZ«PCRÖ×�¡§O]�I1bc���J¡�Ø9�Ù¡�«7l�ÚÄ@ 

������Ûbc���,£¤-(100%)7o�456��(100%)DÜ¡�ØÝÞßàáâãäåo�

456Xbc���J�Ùª«²l�ÚÄæàáçH£¤X(P < 0.000 1)�Î917ÐÏo�456X

DÜèèÚéÝÞæ^�êëìâã(P < 0.05)äíbc���¡�«7l�ÚÄN45¬îvÏ�àáï

��(P < 0.000 1)�ð¬îvÏñ 7 mm��bc���¡�«òàóç(P < 0.05)�bc���l�Ú

Ä¦àáóç(P < 0.01)äôõöLò�bc���,£¤-7o�456��JO]�I1÷øG,@O

]�I1bc���Z©ù"7l�ÚÄN456úÐûÏ945¬îvÏ����@Z©ª«üç�l

�ÚÄü*�ý��þ�456üúÐ@Ó�ÔÕZ« PCRÙ45``�9î�²Ã���^�³Ò��@ 

���� 

%&()*%&'�*�����*+,-./� PCR*TaqMan 0*123�;45/�*678�*

9:7;*��<*�����*$=>?@A
B 

���� 

�����*����C*DEFGHI*%&'� 

 !"#� 

$=>?@A
BJK(81373141) 

 

Real-time PCR quantification of Treponema denticola in subgingival plaque from 

patients with different severities of chronic periodontitis   

 

Zhang Xue-mei

�
, Liu Pei-pei

�
, Liu Jun

�
, Zhang Bao-rong

�
 (

�
School of Stomatology, Weifang Medical University, 

Weifang 261053, Shandong Province, China; 

�
Clinical Laboratory,

��
Department of Stomatology, Aviation General 

Hospital of Chinese Medical University, Beijing 100012, China; 

�
National Institute for Viral Disease Control and 

Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China) 

 

 

��������	
��������������� 

��

����

���

��

� 

(1)������ 

(2)��	�
���

���������� 

(1)�� TaqMan�����

� PCR�� !"�#�� 

(2)$%"�&'(�)*

+,-� 

��

����

���

��

� 

"�.�/����

0
1��23� 

(1)45�� DNA� 

(2)6$"�� 16S 

rRNA78)9:� 



 

�����. �� real-time PCR �	
�������������������� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

4494 

www.CRTER.org 

Abstract 

BACKGROUND: Oral treponemes (especially Treponema denticola) are widely considered to play important roles in the 

occurrence and development of chronic peridontitis. Treponema denticola can be detected in both periodontal patients 

and healthy individuals, so its pathogenicity may depend on its relative numbers in subgingival plaque. 

OBJECTIVE: To detect the number of Treponema denticola in subgingival plaque of patients with different severities of 

chronic periodontitis and to investigate the relationship between the bacterial colonization and the periodontal status. 

METHODS: Subgingival plaque samples were respectively taken from 132 patients with chronic periodontitis and 40 

healthy controls, admitted in the Department of Stomatology, Aviation General Hospital of Chinese Medical University 

from July 2015 to August 2016. Based on the clinical data, 132 patients were divided into mild (n=41), moderate (n=46), 

and severe (n=45) groups. The presence, relative numbers and proportion of Treponema denticola in the samples were 

detected by TaqMan real-time PCR assay. 

RESULTS AND CONCLUSION: There was no difference in the presence of Treponema denticola in subgingival plaque 

between healthy and periodontal participants. The relative numbers and proportion of Treponema denticola in the periodontal 

patients were significantly higher than those in the healthy controls (P < 0.000 1). The quantification of Treponema denticola in 

different stages of periodontitis did show significant differences (P < 0.05). In addition, the bacterial level and proportion of 

Treponema denticola were positively correlated to the probing depths (P < 0.000 1). When the probing depth was more than  

7 mm, the bacterial level and proportion of Treponema denticola were significantly increased (P < 0.05, P < 0.01). These 

findings suggest that Treponema denticola widely exists in subgingival plaque of human. The bacterial load and proportion of 

Treponema denticola are tightly related to the severity of periodontitis and probing depth. The higher bacterial level and 

proportion of Treponema denticola indicate a severer periodontitis. Moreover, real-time PCR possesses a broad potential in 

the studies on etiology, diagnosis and treatment of periodontology. 

Subject headings: Chronic Periodontitis; Treponema; Polymerase Chain Reaction; Tissue Engineering 
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ôåæõö÷Kåæ:øÌùúÔÆPCRn�ûTUÉü

ßý;�^y�	���øÌTU$þ��O$½¾�
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1.2 ������  Ö2015R7�72016R10�};<�
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[14]
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132.�m;/�67.�0�65.�R125�73J:H�É
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(n=41)$;��(n=46)"���(n=45):6P�Â���

�#"�=VQ��� 3 mm<�=>�?4 mm�'()

*1.0�2.0 mm�XRSTFG�+,-.ÏU�HV
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=>�?6 mm�'()*3.0�4.0 mm�XRSTFG�+
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��������������: 
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[\]^_:`abcdefghijkl�,m;�n
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¹·º»§�P¼½»´F�{|��¾�¿�ÀÁÂ�

500 µL Hank’sÃL{EPÄ��À�80 ÅÆÇÈÉÊP: 

1.4.2  DNAË�  ÌPÍÃ/ÎÏ/ÐÑÒÓÐDNAË�=

ÔÕ(Ö�+×��ØÙ)CD#E{|DNAË�rÚ

×�Ë�ÛÜqÝ=ÔÕÞ¾ßà:NanoDrop2000xy

Ë�DNAá���â�À�20 ÅãÉÊP: 

1.4.3  TaqManäåæçt´PCR  èé;PêëVì

íd�î�ïÎ{16S rRNAÒÓêëãðñòóô�]å

ÌPNCBI�Primer-BLASTcõ (http://www.ncbi.nlm. 

nih.gov/)öìíêëVCD÷ø:ù�

��

�1(gInvitrogen (¢

ú)ûü��ØÙýþ): 
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�����ef���10������á�10

2

�10

7

��/µL� 

�t´ef�6" 

Y(copy/µL)={X(g/µL)DNA/(DNA��(bp)×660)}×6.02 

×1 023

[18]

 

äåæçt´PCRt´xy"�Ì�T	20 µL�

Premix Ex Taq(Probe qPCR)(TaKaRa��+í�c( �)

��ØÙ)10 µL�PCR¢E!ìí�0.2 µmol/L�TaqMan 

Probe 0.4 µmol/L�ROX Reference Dye II(50×)"á�1×�

DNA#$4 µL�ddH

2

O(%{&'�)4.2 µL:�Ì()"50 � 

2 min�95  10�  min�95  30�  s�60  1�  min�CD40

?*+:;��Ì,ABI 7500 Fastæçt´PCR-¢

(Applied Biosystems�./)CD: 

1.4.4  �´0s  1?ef�da}X!2xy33��

4�X5:13�ÌXói6öÝK7VöÝdef�8

VöÝ:9:�; <={DH5α(�/W�>?0s�@

�¯�>?0s;ËA)¾	7VöÝ:]å�öäåæç

t´PCR�íCDyõ(.Byõ): 

ôC������¼öxD´ØE"COPY/ng= 

(COPY/µL)/DNAá�

[19] 

ôC������;F&GØE"P=1/N� 

N=2

∆Ct

=2

(Ct T. denticola-Ct 16S rRNA)
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: 

Ct5ÂK"HCycle threshold�Lw,æçt´PCR


c��1?�ÌÄAæçMN·¸ótò5å;O

P*+I: 

1.5  ������  Q������xDR�S���

���xD´d;F&G� ������xD´d

;F&Gr�,����TT:  

1.6  ��	
�  UPSPSS 20.0CDIïVW:�

2

&'

��Ðr�K�K!��V�,$ÐXY������x

DR�LJë�̀ PKruskal-Wallisx÷&'�ÐYÎ{Z

[Jë�ÌPMann-Whitney Ux÷&'1\ÐXYJ

ë�]PSpearman¼TV�^ÛÜ�^Î{Z[r�î�

�TT:P < 0.05	Jë�)_V^K: 

 

2������Results 
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��aXY��dV�&'LUôbJë:�V�,$

�K�K!3Ð����duv0123X() Á��Ð�

c�K�K!��V�,$Ð\\&'�JëX�)_V

^K(P < 0.05)�ù�
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� 1  ������ PCR �	
�� 

Table 1  Primers and probes for real-time PCR 

����� ��(5’→3’) ��	
(bp) 

��

����
  86 

��� CCA TGA AGT CGG AAT CGC TAG  

���� GCT TGA CGG GCG GTG T  

�� FAM-TAC AAG GCC CGG GAA CGT 

ATT CAC CG-BHQ 

 

������

����
  120 

��� CCG AAT GTG CTC ATT TAC ATA AAG GT  

���� GAT ACC CAT CGT TGC CTT GGT  

�� FAM-ATG GGC CCG CGT CCC ATT 

AGC-BHQ 

 

 

� 2  �������	
                        (x

�

±s� n=172) 

Table 2  Clinical characteristics of the patients in each group 

���� ��� ��� !� 

 (n=40) "#� 

(n=41) 

$#� 

(n=46) 

%#� 

(n=45) 

&'(() 43.27±11.75 41.76±12.63 47.27±12.90 46.89±12.46 

�)(*%) 47.50 43.90 52.17 55.56 

�+,#(mm) 2.00±0.00 3.80±0.70 5.60±0.40 7.60±1.40 

-./0(mm) 0 1.50±0.70 4.00±0.00 5.50±0.50 
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e�VWDNAaZ��fghCtgiKjk�lCmn
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=0.998)Q 
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Figure1  Standard curve of the 

total bacterial and Treponema 

denticola detected by real-time 

PCR assay 
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Figure 2  Distribution of the 

relative numbers and proportion 

of Treponema denticola in 

different periodontal status 
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Figure 3  Distribution of the 

relative numbers and 

proportion of Treponema 

denticola in different stages of 

periodontitis 
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Figure 4  Distribution of the 

relative numbers and 

proportion of Treponema 

denticola with different probing 

depths 
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2.3  ��������	
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�����DNA��10����������

��� !PCR"#$�%&'()�

��

�1*+,%&'(

-./0��������1
��� !*�

2.4  �����������������������

��� !"�!#��������234�(100%)

�56789�(100%):�;<=>?@*34�A56

789�0������B-C!�"DEF)�

��

�2�56

789��������;<!G"DEFHIJKL3

4�(P < 0.000 1)*34�AMG0��56789�

������;<!�"DEF)�

��

�3�4�:NOP�?

@IJ(P < 0.000 1)QMG0����������;

<!�"DEFHKL34�(P < 0.000 1)Q0��KL

M��(P < 0.05)�RSL��(P < 0.05)*�

2.5  ������	
$�%&'(�)*�����

���;<!�"DEFA6TGUV>IJBW6�RA

XYZ�[IJ\BW6("DEFr=0.63�P < 0.000 1Q

;<!r=0.57�P < 0.000 1)*]^X_`�Cab5 mmG

6 mmGc7 mm��d��e�������;<!�"

DEF)�

��

�4*fgKruskal-Wallis;h��ijdk�l

mno3�:������;<!�"DEF?@IJ   

(P < 0.05�P < 0.01)*p�qgMann-Whitney U;h��

PPEr�5 mm�A6 mm��������;<!�"

DEF?@H>IJ6Os(P=0.91�P=0.22)*tXYZ

�c7 mm��������;<!oIuK(P < 0.05)�

������"DEFvIJuK(P < 0.01)* 

 

3������Discussion�

78wxyz{|}~w��������6�w*2

|}~w���0������A78����BW��2

3478��0;<!�S�R2�6��6��6�9�

567890�C!���;<���1!�50%��
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��fgTaqMan���� !PCR���-132F5

6789���40F34���� 0��������

 !;¡�./¢£¤¥6(100%)�¦§������¨

©ª2L34��789������ 0*WL78�

«~w�x¬¤78®��¯°y±ª2��2783

4��789��0�;<=v²³Bp*8´µ

[22]

¶·

PCR��;¡34��56789����� 0���

������¸567890����;<=oIKL

34��;<=*Abikoµ

[23]

fgTaqMan���� !
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