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A droplet digital PC
R

 assay for detection of m
ethylated B

C
AT1 and IK

ZF1 in circulating tum
or D

N
A

Introduction
Circulating tum

or DNA (ctDNA) can be detected in patients with colorectal cancer (CRC) 
using a qualitative real-tim

e PCR test (qPCR) assaying for m
ethylated BC

AT1 and IKZF1 
DNA in blood. Q

uantitative assessm
ent of ctDNA levels m

ay have clinical utility, including 
inform

ing effectiveness of tum
or debulking and response to chem

o/radio therapy. The aim
 of 

this study was to analytically and clinically evaluate a quantitative test for BC
AT1 and IKZF1 

using droplet digital PCR (ddPCR).

M
ethods

PC
R

 A
ssays: PCR assays were developed for either the Q

X200 ddPCR (Bio-Rad) or 
LightCycler 480 II (Roche) platform

s. The qPCR m
ethod is a triplex assay, detecting a 

control gene, AC
TB, and m

ethylation within the genes BC
AT1 and IKZF1. The ddPCR 

m
ethod is a duplex assay that does not detect AC

TB. Refer to table 1 for assay conditions. 
Results were reported as m

ethylated DNA (BC
AT1+IKZF1) per m

L of plasm
a input.

A
nalytical testing: Analytical sam

ples included pooled plasm
a, from

 presum
ed norm

al 
donors (age < 30yo), spiked with two-fold dilutions of fully m

ethylated DNA (M
illipore) from

 
2.3 to 300 pg/m

L (30 sam
ple replicates per concentration). For each concentration, the 

resulting bisulphite treated DNA was pooled and tested as 40 PCR replicates using either 
ddPCR or qPCR.

C
linical testing: Clinical sam

ples were obtained from
 colonoscopy confirm

ed subjects. 
DNA extracted from

 4m
L of plasm

a was bisulphite treated and assayed for m
ethylated 

BC
AT1 and IKZF1 DNA by triplicate analyses of 7µL bisDNA input into ddPCR and qPCR, 

the equivalent of 2m
L of plasm

a per m
ethod. Q

ualitative detection of either m
ethylation 

m
arker was deem

ed positive for ctDNA.

N
icky B

oulter 1, D
avid M

urray
1, Susanne Pedersen

1

R
esults

A
nalytical testing: Analytical testing determ

ined an equivalent Lim
it of Detection for both assays 

when assum
ing an input of 4m

L per sam
ple or 5 PCR replicates (qPCR, 14.8 pg/m

L; ddPCR, 15.9 
pg/m

L; Probit regression analysis). Figure 1 com
pares the qualitative results for both m

ethods on 
each individual sam

ple replicate and results correlate well (rho=0.97). The quantitative results for 
ddPCR are also shown by plotting the m

ean of the 40 spiked sam
ple ddPCR replicates with a 95%

 
confidence interval against the theoretical concentration of the sam

ple. According to the ddPCR 
quantitative results there is an approxim

ate loss of 90%
 of DNA during the DNA extraction and 

bisulphite conversion processes. 
The ddPCR assay was estim

ated to be quantitative down to 75pg/m
L, which equates to 90 copies 

of m
ethylated DNA per 4m

L of plasm
a. In contrast, the qPCR assay was not quantitative in the 

concentration range tested (i.e. the qPCR lim
it of quantification was >300pg/m

L, data not shown). 

C
linical testing: The two assays showed 82%

 concordance in 60 clinical sam
ples, including 20 

with no evidence of disease (NED), 20 adenom
a and 20 CRC. Sam

ples that were above the 
m

edian concentration determ
ined for the 75pg/m

L of plasm
a spike (8pg/m

L, BC
AT1 and IKZF1 

com
bined) were positive for both ddPCR and qPCR. 

As per table 2 there was no significant difference in the qualitative positivity rates between the two 
PCR m

ethods. Six of the 12 CRC positive cases were within the quantitative range of the ddPCR 
assay.

Both PCR m
ethods used oligonucleotides previously described in Sym

onds et al 1.

qPC
R

 C
onditions:

Assay conditions: Q
uantitect M

ultiplex PCR NoRO
X m

asterm
ix (Q

IAG
EN; 2X) with 200nM

 
each prim

er, 100nM
 each probe. 8uL tem

plate into 20uL final PCR volum
e.

 Cycling conditions (LC480 II): 1 cycle 95°C/15 m
in; 50 cycles 95°C/15sec, 62°C/40sec 

with acquisition; 1 cycle 40°C, 10 sec.

ddPC
R

 C
onditions:

Assay conditions: ddPCR Superm
ix for Probes (No dUTP) (BioRad; 2X) with 450nM

 each 
prim

er, 250nM
 each probe. 8uL tem

plate into 20uL final PCR volum
e.

 Cycling conditions (C1000): 1 cycle 95°C/10 m
in; 45 cycles 94°C/30sec, 58°C/60sec; 1 

cycle 98°C/10 m
in; 12°C, hold. Ram

p rate of 2°C/sec; volum
e 40μl (including oil).

Table 1 | PC
R

 A
ssay C

onditions

1Sym
onds et al. Clinical and Translational 

G
astroenterology. 2016;7(1):e137-. doi:10.1038/ctg.2015.67.

qPC
R

+
-

+
-

+
-

ddPC
R

N
on-neoplastic

A
denom

a
C

R
C

+
3

1
1

1
9

3
-

1
15

0
18

4
4

P value
1:

1.000
0.3173

0.7055
1P-value generated using χ

2 test

Table 2 | C
ontingency tables for C

linical D
ata M

ethod com
parison

C
onclusion

Detection of m
ethylated BC

AT1 and IKZF1 using ddPCR is com
parable to the qPCR m

ethod 
used in this study. In the clinical cohort 50%

 of the ddPCR-positive CRC cases were within the 
quantitative range.

The ddPCR assay was further successfully developed as a triplex, using ACTB as a positive 
control gene, which m

aintained the distinction for all 3 m
arkers using only 2 fluorophores. Further 

clinical evaluation of the triplex assay is required to appraise the utility of the quantitative assay.


