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Abstract

Differential Scanning Calorimetry is being investigated as an analytical tool to detect cancer and other
diseases by measuring the heat induced protein denaturation in blood plasma. This paper presents a
much faster alternative method by using chip-based Fast Differential Scanning Calorimetry. Compared
to standard Differential Scanning Calorimetry Fast Differential Scanning Calorimetry is able to reduce
measurement time from hours to seconds. The latest development, a more sensitive chip has been
tested with healthy control blood serum and blood serum from kidney cancer patients. Clear
differences between the control serum and the serum from the cancer patients are found.
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Introduction

Differential Scanning Calorimetry (DSC) is an
analytical technique in which a sample and
reference material are placed in small pans and
are heated up at a constant rate, while the
power which is necessary to heat up the pans is
monitored. The result of the measurement is a
plot (thermogram) of the power difference
between the sample and reference pan as a
function  of  temperature. The typical
measurement rate of DSC is about 1 °C/min. A
faster method is the chip based Fast DSC. With
Fast DSC the sample is not placed in a pan, but
is directly placed on the membrane of a chip
and thus avoiding large thermal time constants.
Fast DSC typically works with a measurement
rate between 1 and 20,000 °C/s. Figure 1
shows a Fast DSC measurement of the melting
of the metal indium.

=
%

“ ‘
“

J |‘

i \

T

;

=

vnat Flow

H

LWM
Fig. 1. Fast DSC measurement of an indium
sample. The large endothermic peak shows the
melting of the metal at the onset temperature of the
peak at 156.3 °C.
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Recent publications show that Differential
Scanning Calorimetry is being investigated as
an analytical tool to detect cancer and other
diseases by measuring the heat induced protein
denaturation (melting of proteins) in blood
plasma [1-3]. These publications show that a
difference is measured between plasma of
healthy individuals and plasma of (cancer)
patients. Due to large thermal time constants it
takes about 1.5 hours to perform a single
measurement with standard DSC.

To reduce measurement time we introduced in
2013 a chip-based liquid sensor [4-5] which can
be used in combination with the Flash DSC1
from Mettler Toledo [6] (Figure 2). This Fast
Liquid Differential Scanning  Calorimetry
(FLDSC) sensor is able to reach temperature
scan rates as high as 1000 °C/s while protein
denaturation still could be measured up to 400
°C/s. These high temperature scan rates
reduce measurement times from 1.5 hours with
standard DSC to less than a single second with
the FLDSC sensor. However, the sensitivity of
this sensor was not high enough to accurately
see the small differences in the FLDSC
thermogram between measurements of serum
from healthy individuals and serum from cancer
patients. To increase the sensitivity we
redesigned the chip with a larger heating area
and with an increased number of
thermocouples. This new more sensitive Fast
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DSC liquid sensor has been tested with human
serum from healthy individuals and with serum
from kidney cancer patients.
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Fig. 2. Flash DSC1 from Mettler Toledo.

Device description

The FLDSC sensor is based on Fast DSC
sensor for the Flash DSC1. The standard
sensor for the Flash DSC1 is not suitable for
measuring liquids because it is an open chip
and any liquid placed on the sensor will
evaporate during a measurement. Therefore we
designed a cover made from the material
Topas. This cover is glued on top of the sensor
in such a way that two liquid chambers are
created. Figure 3 shows the standard Fast DSC
sensor and the adjusted liquid sensor. In the
cover are four small holes with serves as in-
and outlets for the liquid chambers, see figure
4. Topas is chemical resistant and has its Tg at
170 °C, so the cover does not interfere with the
measurements that go up to 150 °C.
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Fig. 3. (left) Standard Fast DSC sensor. (right)
Adjusted Fast DSC sensor with a Topas cover glued
on top of the ceramic baseplate.
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Fig. 4. Cross-section of the FLDSC sensor (not to
scale), with Topas cover, Ceramic baseplate and the
X1-468B chip.

The total capacity of one liquid chamber is
about 1 pl, but only the 25 nl liquid just on top of
the heater is heated up during a measurement,
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while the rest of the liquid remains at room
temperature.

The new FLDSC sensor makes use of the XI-
468B chip, this chip has in comparison to the
XI-400 chip 32 thermocouples instead of 8, and
a heater with a diameter of 0.8 mm instead of
0.5 mm. Measurements with bovine serum
show an increased sensitivity of 7 times of the
XI-468B chip based FLDSC sensor compared
to the XI-400 chip based FLDSC sensor. Figure
5 shows both chips and table 1 gives an
overview between the differences of an FLDSC
sensor based on the XI-400 chip and on the XI-
468B chip.

Fig. 5. (left) XI-400 chip with two membranes. In
the middle of the membranes is the hotspot with a
diameter of 0.6 mm and 8 thermocouples. (right) XI-
468B chip with a hotspot with a diameter of 0.8 mm
and 32 thermocouples.

Tab. 1: Comparison of FLDSC measurement of
bovine serum measured with FLDSC sensors based
on the XI-400 and the XI-468B.

Bovine serum X1-400 X1-468B
Optimum 400 °C/s 103 °C/s
Scan rate

Integral 5.6 ud 39.7 ud

Signal/Noise 62 327

Ratio

Materials and methods

All measurements were performed with the
same temperature program; from 34 °C to 117
°C with a temperature scan rate of 103 °C/s.
Blood serum samples were obtained from the
Institute of virology of the Slovak Academy of
Sciences in Bratislava. Healthy control serum
samples and serum samples originating from
kidney cancer patients who were diagnosed
with CCRCC grade 2-3 and stage pT1 p Nx
pMx were obtained. The total protein of the
serum samples was measured and all results
were normalized to a total protein of 26.7 ug/ul.
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To prevent aggregation of the serum in the chip
during the measurement a 3 M 3-(1-Pyridinio)-
1-propanesulfonate (NDSB) solution [7] was
added to all serum samples to a final
concentration of 1 M NDSB. As reference demi
water was used which was mixed with NDSB to
a final concentration of 1 M. All measurements
were performed with a single FLDSC sensor
which was cleaned by flushing the sensor with
demi water between the measurements.

Results and discussion

When blood plasma is measured with DSC, two
main endothermic peaks can be distinguished,
which originate from the proteins Albumin and
Immunoglobulin. A much smaller endothermic
peak originating from the protein Fibrinogen is
also measured [2]. Blood serum is basically the
same as blood plasma except that the clotting
protein Fibrinogen is removed during the
clotting process when blood serum is made
from blood plasma. In our previous experiments
our results for blood plasma and blood serum
were similar. Because of better availability of
blood serum samples compared to blood
plasma samples we chose to perform the
experiments with serum samples.

A typical FLDSC thermogram of a
measurement of serum from a healthy person is
shown in figure 6. This curve is curve fitted with
two Gaussian peaks, representing the proteins
Albumin and Immunoglobulin, and this gives a
good fit. The result is comparable to DSC
measurements with blood plasma done by
others [1-2], and to our previous results
performed with FLDSC sensors that are based
on the XI-400 chip [8]. Figure 7 shows
thermograms of FLDSC measurements of
healthy control serum and serum from cancer
patients. Table 2 gives an overview of these
results. The control serum shows a larger peak
from the protein Albumin and a smaller peak
from the protein Immunoglobulin. The kidney
cancer patient serum sample 2 shows two
peaks with almost the same height. In sample 1
the Albumin peak is smaller than the
Immunoglobulin peak. Looking at the fitted
curves, the peak temperatures Tm (T middle)
and at the enthalpy (total area under the peak)
show another difference, the peak temperature
of the peaks of the cancer patient serum is 2~3
°C higher than for the healthy control serum.
Also the enthalpy of the cancer patient serum is
significantly reduced. It is known that the
albumin protein level decreases at certain types
of cancer [9-10], but because the serum is
normalized to 26.7 pg/ul the decrease in
enthalpy is unexpected. It could be speculated
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that the circulating cancer-related proteins bind
to the larger Albumin and Immunoglobulin
proteins [2] what causes a shift in temperature
and a decrease in enthalpy in the kidney cancer
patient serum.

Tab. 2: Measurement results of healthy control
blood serum and kidney cancer patient serum.

Serum Tmcurve 1 | Tm curve 2 Enthalpy
sample (°C) (°C) (uJ)
Control 1 63.6 84.1 244
Control 2 64.6 86.8 213
Patient 1 65.8 89.1 16.1
Patient 2 65.8 88.4 11.0

Conclusions

The new FLDSC sensor based on the X|-468B
chip gives accurate and better results with
measurements with serum compared to the
FLDSC sensor based on the XI-400 chip. This
trial study shows that clear differences can be
found in peak temperature and peak enthalpy
between serum from healthy control serum and
serum from CCRCC diagnosed cancer patients.
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Fig. 6. FLDSC thermogram of a measurement of

healthy control blood serum, curve fitted with two

curves representing the proteins Albumin and

Immunoglobulin.
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Fig. 7. FLDSC thermogram of blood serum
measurements of healthy control samples and blood
serum measurements of kidney cancer patients.
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