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Executive Summary

Use of Real-Time PCR to Quantify Bacterial Translocation in Colon Cancer
Parkar S, Dickson G 

July 2009
New Zealand has one of the highest incidence rates of colorectal cancer in the world. 
The gastrointestinal tract of a healthy human is host to trillions of bacteria that thrive in the anaerobic environment of the colon (e.g. Bacteroidecetes, Enterobacteria, Bifidobacteria and Lactobacilli). In colorectal cancer, the bowel wall becomes leaky, allowing some of these bacteria to pass through and enter the glands on the inside of the bowel from where they can also enter the bloodstream. Real-time polymerase chain reaction is a molecular technique that enables us to detect very small quantities of bacteria consistently by quantifying the amount of their ribosomal DNA.  Using these techniques in this study, 
we were able to establish that the degree of bacterial translocation, as detected in blood samples, relates to clinical status in colorectal cancer patients. Potentially this relatively 
non-invasive test could be used for early diagnosis or even determining prognosis once the diagnosis has been made.

For further information please contact:

Shanthi Parkar
The New Zealand Institute for Plant & Food Research Ltd
Plant & Food Research Ruakura
Private Bag 3123
Waikato Mail Centre
Hamilton 3240
NEW ZEALAND
Tel: +64-7-959 4477
Fax: +64-7-959 4431
Email sparkar@hortresearch.co.nz
Introduction

The purpose of this study was firstly, to establish a method for quantifying gut-specific bacteria in blood samples collected from colorectal cancer (CRC) patients; secondly, to investigate whether there was a correlation between the amount of gut-specific bacteria in the blood and clinical parameters of CRC; and thirdly, to evaluate this technique for its usefulness as a biomarker of CRC disease progression. 

Bacterial translocation - a phenomenon by which the gastrointestinal flora pass over to the blood - may be increased in colon cancer and may also influence the prognosis for the patient. Real-time or quantitative polymerase chain reaction (qPCR) is a sensitive molecular method that can be used to quantify total bacterial ribosomal DNA (16s rDNA), which correlates to the amount of bacteria present in a given biological sample. Gut-specific bacteria present in the blood can therefore be quantified using specific probes targeted to the genera or species that usually colonise the gut. The total number of bacteria in the blood of colon cancer patients, at various stages of disease, was compared with the total bacterial number from the blood of healthy volunteers. This helped us to determine the prognostic value of bacterial translocation in different stages of colon cancer.

Materials and Methods
After obtaining ethical approval from the Northern Y Ethics committee, blood samples were collected from 20 normal volunteers for extraction of total blood DNA. Blood samples were also obtained from patients of colorectal cancer (CRC) enrolled for elective surgery under the supervision of Dr. Graeme Dickson, Consultant Gastroenterologist, Waikato Hospital, Hamilton. The criteria for selection of participation in the study were as follows:

For healthy control subjects: people of either gender, aged 40 years and above that had not taken any antibiotic therapy for the previous four weeks or had any chronic gastrointestinal dysfunction, including Crohn’s Disease or Irritable Bowel Syndrome. 

For colorectal cancer patients: a confirmed diagnosis of colorectal cancer, with no antibiotic therapy for the previous four weeks and no recent history of sepsis. Participants were excluded if they were unable to give informed consent. Colon biopsies were collected during the normal course of treatment and the clinical stage of colorectal cancer was assessed by a gastroenterologist based on histology using TNM staging. T describes the size of the tumor and whether it has invaded nearby tissue, N describes regional lymph nodes that are involved, and M describes distant metastasis (spread of cancer from one body part to another).

200 μl of blood (collected in K2EDTA tubes) was obtained from study participants at a single timepoint. These were then processed for isolation of total DNA using the protocol of QIAamp® DNA Blood Mini kit, albeit with one modification. To 200 μl blood, 160 μl lysis buffer and 40 μl lysozyme (10 mg/ml) were added to allow for lysis of gram-positive bacteria. The sample was incubated at 37(C for 1 h. then 40 μl protease and 400 μl AL buffer were added, and the sample was further incubated at 56(C for 30 min. At this point, to each sample, 20 ng of fungal DNA (Sclerotinia sclerotiorum) was added as an internal microbial control chosen as it is not naturally present in human blood. Briefly, absolute ethanol (400 μl) was added, and the sample was applied to the QIAamp spin column to allow binding of DNA to the matrix. Unbound impurities were washed through three successive washes, and then the DNA was eluted in 200 μl Elution buffer (containing Tris EDTA, pH7.2). The DNA was quantified using a NanoDrop® ND-1000 UV-Vis Spectrophotometer and then stored at 
-20(C.

The following primers were used for quantitation of total eubacterial DNA (eubacterial 16s ribosomal DNA) and total fungal DNA (internal transcribed spacer ITS1 ITS4). The bacterial primers were eub2f, GCAGGCCTAACACATGCAAGTC and eub2r, CTGCTGCCTCCCGTAGGAGT (Castillo et al. 2006), while the primers for fungal DNA were ITS1, TCCGTAGGTGAACCTGCGG and ITS4, TCCTCCGCTTATTGATATGC (Hirschhäuser & Fröhlich 2007).

Real-time PCR was performed with Corbett Rotorgene 6000, in a final volume of 10 μl containing 5 μl of Lightcycler® 480 SYBR Green 1 master mix, 3.8 μl distilled water, 0.1 μl of each primer (10 μM) and 1 μl of DNA. The reaction conditions were 94ºC for 10 min followed by 35 cycles of 94ºC for 15 s and 61ºC for 60 s, followed by a melt cycle to confirm the specificity of the amplification product. Each run included at least one standard from the standard curve and a dilution series was done for each sample to confirm that there was no loss of resolution due to impurities in the DNA sample. The functions describing the relationship between the threshold cycle (CT) and c (amplicon concentration in ng/μl) were found to be CT=-2.584x log c+ 0.588 for eubacteria and ct = -3.817x log c + 12.945 for the fungal DNA. The fungal sample was not found in randomly tested blood samples, which were not spiked with the fungal DNA. Standard curves were prepared using the PCR products of Escherichia coli (obtained with eub2 primers) and Sclerotinia sclerotiorum (obtained with its primers). E. coli was used as a representative of the total gut eubacterial flora and S. sclerotiorum as our exogenously added internal control. Ten-fold serial dilutions were performed using 0.0035 ng and 0.01 ng of fungal DNA per reaction for generating the standard curve. 

Statistical Analysis

42 CRC patients were recruited into the study, 10 of which were excluded from  analysis as their diagnoses were not in fact  colorectal cancer but various other bowel complications. Blood was obtained from 20 normal human volunteers. The amount of bacterial DNA in each sample of blood was expressed as a ratio of total bacteria / internal positive control or eub2/its. The values were then ranked to correlate their stage and the level of eub2/its ratio. Significance was established using a t-test for the actual ratio of values for the patients and the control as well as the ranking obtained. 

Results

Minimum levels of detection for the different PCRs were found to be 3.5 x 10-7 ng/μl of eubacterial amplicon (102 bacteria) and 1.0 x 10-6 ng/μl for the fungal amplicon (data not shown).

An artificial staging was created for data analysis, as shown in Table 1. 

Table 1: Staging and Numbers (n) of Patients Included in the study.
	Level
	Stage of Colorectal Cancer (CRC)
	n value

	0
	control- No CRC        
	20

	1
	TNM stage1 of CRC                 
	6

	2
	TNM stage 2A of CRC
	7

	3
	TNM stage 2B of CRC
	2

	4
	TNM stage 3A of CRC
	2

	5
	TNM stage 3B of CRC
	4

	6
	TNM stage 3C of CRC
	3

	7
	TNM stage 4   of CRC      
	5


As shown in the following table, the eub2/its ratio is 0.22 +/- 0.38 for control blood samples, and increases to 1.13 +/- 1.18 for patients with colorectal cancer. 

Table 2: Levels of bacterial DNA in patients with colorectal cancer (CRC) compared with the control.
	 
	 
	eub2/its
	Eub2/its ranking

	control
	average
	0.16
	16.10

	 
	std dev.
	0.39
	12.43

	 
	median
	0.03
	14.50

	 
	 
	 
	

	CRC
	average
	1.13*
	31.14**

	 
	std dev.
	1.18
	12.23

	 
	median
	0.55
	21.68

	 
	
	*P< 0.1
	** P<0.0001


As seen from Table 2 and Figure 1, it was found that the levels of eub2/its were variable in control blood samples. On the basis of the values, the significance of the difference between colorectal cancer samples and the control was borderline (P < 0.1). However, when the values were ranked according to their levels in comparison with all the other values in this data set, the significance was increased (P < 0.0001).
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Figure 1. eub2/its ratio in control vs. colorectal cancer patient samples.
As seen in Figure 2, further analysis of the respective rank of colorectal cancer according to the stage reveals that the lower ranked values were more towards the lower end of the spectrum of staging. Statistical strength is low because of low patient numbers. However, the trend indicates that the higher ranked values are seen in colorectal cancer. 
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 Figure 2. Average rank of sample eub/its with stages of colorectal cancer.
Discussion

As shown in Table 1, while 42 patients volunteered for the study, only twenty-nine of them were retrospectively diagnosed as suffering from colorectal cancer, and therefore were included in the study and data analysis. The levels of eub2/its were higher in the colorectal cancer (CRC) group than in the control. However, when all the values were expressed as their relative rank in the control and CRC groups, the differences in the eub2/its rank numbers were highly significant. 

Ranking helped to provide a means of accounting for the variability in bacterial counts that was seen in the blood samples of the CRC group. This variability may be a reflection of the extent of the bacterial translocation, which in turn may depend on the stage of the disease or other non-related factors.  

It has previously been reported in the literature that that bacterial translocation did occur to mesenteric nodes in colorectal cancer patients, but that there was no clinical relevance (Takesue et al. 2005). In this study bacterial numbers were quantified using microbiological culturing techniques rather than the molecular techniques used in our study. Conversely and in support of our study, another previous study has indicated that bacterial translocation in the mesenteric lymph node may predict a worse outcome for long-term disease-specific and disease-free survival in colorectal cancer patients (Kin et al. 2006). 

Conclusion & Recommendations

Based on our work, there is some evidence that bacterial translocation is increased in colorectal cancer. However, we were not able to obtain the patient numbers that we needed to confirm our hypothesis that bacterial translocation is clinically relevant and may be a useful indicator for the staging of colorectal cancer. These promising early results suggest that further work needs to be done to confirm this hypothesis and offer a good chance for a new and useful biomarker of CRC disease progression without the need for painful biopsies. 
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