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- 1:Introduction .

‘Backgmund Du‘ferentlai scanning. calonmetly {DSC), a h[ghly sensmve rechmquc for resolving th:rmallyA

mduced procein: foldmg,funfoidmg transitions, recently was recogmzed as a'nove! toal for disease dmgnos1s
ahd monitoring: To further elaborare this approach we have applied DSC in a study of blood plasma’ f: om

t. '-pailents with colorectal cdncer {CRC) at different stages of tumor development and Iocaiuauan .
« Methods: Blood p]asma ﬁ'om patients dmgnosed with CRC was ana!vzed by DSC. The CRC thermograms were
. campared Hi) those of healthy mdwlduals and. pauents thh gasmc canter;and non-cancerous soft tissue
. mﬂammatwn The thermodynamrc parameters excess heat capauty and: enthalpy of the. namltlons corre-
'spondmg to the- most abundan: p]asma proteins, as wcll as transmon aﬁd ﬁ:st moment tempelatures were
“dérermined- fmm the Caioumetuc profiles. - " ’

Resuilts: The calonmcmc profiles of blood plasma from CRC panen[s are found to be dxstmct from rhose of

“healthy mdlwduals and those of pafients. with soft tissue, non‘cancerous inflamination, Generally the CRC,

rhcrmugrams exhibit. leduced ‘heat Lapaury ‘of the major albumxn/globulm-asstgned thermal transitions,
lower enthaipy and.a featureless high témpérature region compared-ta liealthy individuals. - - -

’ Condusmns A classnﬁcatlon of blood plasma protepine from patients with. colorectal cancer {CRCY, CRC2 and
- CRC3 ar oups; and subgroups within each group. CRCh ) CRCQ; yand CRC31_1] is pmpuﬁed IJased oa the de-

rived thermodynamic parameters, : Co

General significance: Thc presented data demomrrare a prool"of prmcip]e and conﬁrm tha( the DSC fechmq ue
_hasa potential to menitor changes i in the CRC blood pla&ma proreome This aludv is a further step toward the

validation of calonmeny as a dlagnusnc toal.
@ 2012 ‘Elsevier BV, A]! nghts lcserved

o ' . denaturation (foidénglm’]fo]dh]g) [7}.‘The'iuterest in_,apply‘ing DSC on

hlood plasma in cancer diagnostics is high since it is non-invasive for

Différential scanning calorimetry (DSC) appeared as a novel tool
in biomedicine in 2007 when Chaires and co-workers reveated ils po-
teiial for ‘disease diagnostics performed on blood plasma [1-3]. A
typical DSC tharmoumm of bleod plasma, has been established. for

"hea]thy ‘individuals, ‘whereas *for’ diseased” subjects (mcludmg

oncopatients) it was shown to differ {1-6].

DSC'is a i]15llly sensitive technique that precisely measures the
thermally- induced conformational transitions of biomolecules and al-
lows the determination of the thermodynramic parameters of protein

Abbrevmtwm DSC, differentiat scanning calorimetry; {RC, colarectal cancer; GC, gastic
cancer; STI, non-cancerous soft tissue inflammaltion: TNM, (twnor, lymph nodes, metasta-
515} 51326} T e, lEMpeErature maximuim of the transitions: Ty, lemperature of the first mo-
ment; ci, excess heat capacity. AHy, total eothalpy
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the patients and provides fast i situ monitoring of changes in the ther-
maodynamic behavior of blood plasma/serum. Modifications of plasma

DSC thermogram of a diseased subject are thought to be related eitler

to alterations in plasma protem content or to shifts in their characteris-
tic denaturation temperature due to ligand and/or tumor-specific se-
cretory marker binding {lnteractojnlcs). So far the D5C approach was
applied to small cohorts of cancer patients | 1-3,5,5). Recently DSC in-
vestigation on multiple myetoma has been published by our research

- group i8] These studies have identified specific disease-related calori-

metric features however the validation of DSC as a useful toel for dis-
case diagnostics and monitering requires large-scale investigations of
various diseases. As a step toward this goal, hereby, we report an
an in-depth DSC study on a heterogeneous cohort of colorectal cancer
{CRC) patients diagnosed with diffecent  tumor-node-metastasis
{TNM) stages.

Although the DSC data reveal he[crogeneltv in the thermograms
some common characteristics for the majority of the CRC plasma
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) Cfﬁ:’fd: descrprion n[ e patients 55 vaned in the discase stage dclcrmmcd by the TNM staging
5 ption of-the ' patients, i system 547% of the (RC patients were without lymph node involve-
~ Number of patiedts - S I ment and: dlstal metastasis (Tt -T4N(JMO} 18.9% were lymph node pos- -
Mwidgel(i‘nmmly : a1 itive and thhout distal” metastaw: (TANT-2MD), 3.8% had dlstai .
Géndee ME S T ML F(35) metastasis but were lymph ode negative (TANOM1-2) and 226% |
Stx;gcs- ot o 55 cases. weré: bymph node positive and had distal metastasis (TAN1-2MT-23,
2-TANOMO L - 34.7% whereas the 1
riniawe | P ol here. othel 9 had undemone surgical mLerventton (Tabk. 13
TOUTANOME-M2 S : 38%
: 2. 2 Blood sample preparatwn

| TAN1-NIMO-MZ ; . 226% -
=7 After surgery . : : © 19 cases

p|oﬁles are to he noted ( B strong vanatmn in the a bumm and -

glubuhn-related thermal transitions and (ii) featureless high temper-

ature region of the DSC thermoglams campared fo that of healthy | in-

dividuals: Patients dlagnosed with anotier eplthehai cancer, namely
gastric cancer (GC), show thernrograms similar to certain:CRC sub-

- types. In addition a pilat study on patients with soft tissue mﬂamma- -

tion (ST} is ‘also presented, which reveals features distinet: from the

. ones feund for CRC pat]ents GC patlents ‘and healthy mdl\nduals

2 Matenai and methuds

2 I Indwm‘uuls

The populanon unde| study mcludcd a contl 01 group of32 healthy_ :
vo!umeers {of age 34 81 years, the mean age and'the standard devia-"
tion: being 57i14) '74 patlents w1th CRC (6311 yeazs ‘of age)-
(Table l) 8 patrents thh GC- (59i15 years of age) and. 6 with
non-cancerous soft tlssue mﬂammatwn The patients selected: fGI“ the
study have not 1ecewed chemo anti lachatherapy Among the 74 CRC -

3 mib b}ood was centr zfuged for ]5 min at 900 RCF in chosafe

f:o]ast:c tubes {Plasma get). The supcrnatant {blocd plasma) was care-

fully removed, diluted twice in PBS buffer, and used for subsequent '

DsC :11easu1ements

2.3. Protein.analysis .

Protein concentlatlon of the piabma samples is dete;mmed by the
biuret method [9} CEA, CA19-9 and CA-125 tests and staging determi-

* ‘naiion were pcrformed at the chinical laboratory of the National On-

cology Hospltal Soﬁa Bﬂlgana T A

24 Di_[ferennal smnmng calonmet‘ry -

DSC thermograms were detected
build-in hrgh]y seqsitive caionmeter dnd theé ddta were analyzed with the
Origin qoftware package The. samp]e:. were fieated at a scanning rate of
0.8°C/min from 20 °C to 95-°C. "{he thermocrrams wefe normalized.to
the total. protéin content and’ ccurected for the matrumental base line,

“The: fu][owmg parameteis were detmmmed trnnsxtmn temperature

I‘m,lx (temperatute maxunum of the successwe transmons) temperature
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T
oy 031
8 oz
o o1
0.0 : . - :
§0.. 60 76 - B0 5B 70 8 - S0 80 7¢ 80
} : ' - Temperature (=C)
72 4
‘1 D-
69 _ ] -
. - . 3
G 66 - o . o
< ] i B
% 6 % ‘
b T |
604
N - ' N ' 0
R P A & &
& & L O ' ) . O O

Fig. 1. Charactetistic DSC profites of biood p!astna proieom: front patients with CRC. Average DSC profiles {5olid lines:‘; and standard deviations {shading) are shown for the healthy
individuals {cyan Tineglight gray shading. all pavels) and CRC subgroups. Pancl A: CRCEy, red solid line and pink shading and CRC1,,

magenta solid line and blue shading; pane! B:

CRCZ, obve sobud line and areen shading and CRCZ:, blue solid tine and violet shading; panel €0 CRC3y, wine solid line and red shading and CRC3,. orange solid line and dark yellow
shiading. For clariry the CRC groups are desoted in different calors in paneds A= The first moment teroperatares (Tey ) and dheir standard deviations for each study group are -huwn

on panel 1) ut the same colov as the shading of the respective averaged [Emnmnsams in panel A-C.

ng DASMI (analov BloPnbcn ]- )
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Table I - - .
ED] » imilari . -
Therre I0gnamic palametus |avuagL values and s!&ndand deviations) meatul fronm |he NSC profiles and similarity parameters of healthy and diseased thefmograms,

Cro Lp Figuid © Ng. of casis oy .t i ™y b "T,}’cp"’rz AHey (ealig deg)  Tim (“ICIJ TP ' v ’ 5
Heaily: - 432 DAZRO06 208029 0044002 4564073 . G712 oo - -
Hea lihy! 8- o o= L - ST 0797 (07557). - 08881408757 1 0:850" Diac0™)
RS FigsA 16 040006 190023 0061002 4352088 6534090 0720 6981 0778 :
GRCT  Fig 1A 13 02640047 1922035 0094003 2904060 566411 0578 . 6a71 . 0658
CRCZ . Fig 1B " 5. TO0A4E005 3804168 . 014E015 340043 . 831406 0715 i 0.967 0.77)
CORCL  ohig1gr 2 0324013 250-. 0054001 180+004- . 621403 0370 0854 - 0456
S RC3H FigIC 27, 0.31.£0.06 DI04 4194099 (673410 0728 - 0.905 0,768
RC3:  Fig. 1Cn 7 0.24:=002 UBOB£0010 4.04£0:44 686+£07 D830 TOF00 et 0647
ST . - Fin 4 6 034009 1332059 © 0134001 . 4524056 67613 0706 0874 0.745

Heat Caicity at'transition' T2 (¢ 1} ratios between the heat capacities at T2 and T3 [cp™ 2/ ), and at T1 and T2 SETTaa)) trausmons [otal en[ha!py mHu.) first

- momedittemperature {Try): avemgc values’ af spatial distaiice metric P, Pearson’s correlarion mefﬁcmut r and simildrity nietric parameter p.-

tyalus for the additional set of 8 healthy test ‘thermograms (Healthy®) analyzed relative to the contro? ceference set chal[hy } of 32 DSC prr)ﬁ{eg,

* valuy mpnr[ed by Fish et al, !10] for 85 mdw:dual hcai[hv [hc'mmgmms compared with a reference set of 10G rhermoguams

of the fist moment, Tm {the tempm Jbure at the haif calon metnc themm-' ’
gram-ara, as defined in Garbett et al. [1]); Eexcess heat capacity, ¢& and, ’

enihalp; L\.Hm. (the mteglated alea under rhc heat capaaty pmﬁle) of
rhe thendl nansmons s .

el

differences though sighificant dre not so diamatic. Thrée main groups

of CRC thermograms CRC1-3 “are defined dépendini ol the ¢/

. &™py ratio"which is: (i) slightly lower’{Fig. 1A): (i), significantly

. higher (Fig. 1B} and (iii): dramat:caﬂy lower {Fig. IC} than the one

.- Tkecollected ther moglams were also analyzcd applymu the stans— found for the hezdthy contml (T1b|e 2} .
o= tical mihodoiogy deve]oped by Fish et a[ A10]. for the clasgﬁcanon of . e et e Cohe a e
- DSC cuwes relative fo'a comparative referénce s This analytical el @ - - —j . T e T '
[descrlhed in detait in [J0]).was used to deteumne similarities be - . ” L A R i
tween 2set of reterence thermograms' and a test (dlsease) thermouram - BN, : ) R :
by a s:mlanty memc parameter g, that combmes wo factors; similar- L
Cities in shape (PEE:I]SOH s correlation coefﬁment, r) and in space’{spatial
dlh[ﬂl’lC(‘ metric P). The sumlanty parameten were determined” for a.
number of "test l1ea[thy then'nograms (8)-and: for the CRCISFE sub~
-"gmups {defined below) of thermograms re[ated to a éontrol refer ence

set acccadmg to []0] n the I('.!TlDEI atirre raiyge 55—85 °C.

a

5

3 Resu lts '

3 1 Biood p!asma DsC proﬁles ofhea!{hy mdrv:dua!s

DSC thermowams of 32 healthy mdmduais Were rccorded and 2
typical ‘hea]thy DSC profile, very similar to the are preserted by

" Garbett ez al. for 109 individuals [3], was found (Fig. 1). [t is character- § ]
ized by four well resolved transitions at about 50 °C, 62 °C, 70 °(, 82 °C =
- and-a shioulder at ca. 76 °C. The successive fransitions are denoted fur- E
“ther o as T1 (T 50 7Ch T2 (Taiae 2 62 °C), T3 (Tonax = 70 °C) T4 2 054 B
(T,n“N’JG °C) and T5 (Tpge =82 °C) (Fig. 1) According to Garbett et 5
L{zfn transition ‘can be attributed mainly to fibrinogen: T2 to P ’

albumm T3 to-innmunoglobuling {ig) and to albumin's minor, -tail,
transition; T4 to complement protein C3, [gA, 1gG and a]humm while
T4 has significant contribution from IgG and transferrin, Their respec-
tive ¢5* are denoted with subseripis T1-T5, One should keep in mind
that other-low-abundant proteins contribute to those transitions as
Cwell thoogh to a lesser extent because of theu low plasma concentra-
tion tevel [2].

No significant difference was obqewed in the thermogranms of males
and females, with respect to their transition temperatures, as well as
the. enthalpy AHy (4.56% 0.73cal/g deg). The heat capacity ratio
Cp™y2/Cp g, 1. the heat capacities corresponding mainly to albumin
and globulins, has avalue close to 2 for all samples (Tabie 2. The rem-
perature of the first motment Ty is identical for all healthy individuals,
ca. 65 "€, which is close to the value already published in i2].

L &0 70 80
Temperature (°C)

32 Blood plasma DSC profiling 0]'(‘!&{ pai"ientsl

Fig. 2. S profiles of blood plasma from paticnts with CRC not included in the classi-
fication CRCI-3, The therograms are designated as: CRCny (navy ), CRCiy, (red) (A),
CROn; (purple) and CROng (grees) (8], The cyan sohid line and tght gray shading rep-
resent the averaged “healthy” group.

ST analysis of plasma samples from CRC patients revealed that all
thermograms differ frony the typical “healthy” one and in 78% of the
cohort this difference is very pronounced. in the remaining 22% the
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Each of the defined CRC groups can be divided into two subgroups
{denoted with subscripted numbers) wiich differ in the heat capacity
values at transitions T2 and 3, and the total enthalpy AH'W. Among
- all groups the CRC]. subgroup is the closest to the “healthy” one,

the ratio c." /s and AH , being aimost indistinguishable from

- the “healthy” values, but the high-temperature shoulder/transitions

are not welt defined. For the CRC1, subgroup AH,,, and both ¢p™5

~and ™y values are strongly reduced, but the ¢ /G ratio

does not significantly differ from those of CRCI, and the control
(Tabte 2). ;

The other two groups of thermograms, CRCZ and CRC3 show oppo-

site tendencies in the alteration of the cp“n/q,“ﬁ ratio, which is much.

highes for the former.and much lower for the latter as compared to the
control-one, and AH,, is reduced to-a different extent {Table 2,
The ¢p®yafcp®*ry value for the CRC2 thermograms increases dramat-

ically {they vary in the range 2.26-14.6) due to the strongly reduced -

Tep™ T3 value {Fig. 1, Table 2}. Characteristic features. of the CRC2
group of thermograms are the -highly cooperative calorimerric profile,

most remarkable for the: CRC2; subgroup (Fig. 1B) and T;M strongly ..

© shifted to lower temperatures (Fig, 10, Table 2).
[n sharp contrast to CRC2, rather broad thermograms (Fsg, 1C) and
lower ™ r2/cp™ 13 values are characteristic for CRC3, and -CRC3;

{cal lg deg)’

o X
p

50 60 70 8o
Temperature {°C)

Fig. 3. Characteristic DSC profiles of gastric cancer. Average DSC prefiles {solid linest
with standard deviations (shading) are presented for GCly {dark blue line and cyan
shading) 1A} and GCly (paple line and light magenia shading) (B). Alsn shown is
the 15 profile tor the healthy group {cyan line and tight gray shading),

subgroups of thermograms, ca. 1.3 and 069 respectively, i.e. about '
one-half of the control (Table 2). The CRC3; subgroup exhibits a signif-
icant decrease in T2 transition whereas the heat capacity of 13 remains
unchanged, thus the main transition corresponds to the third succes-
sive transition. The CRC3 group is also unique because of the significant
shift in Try to higher temperatures (from ~65 °C for the “healthy™
group to 67.3 °C, for CRC34. and to 686 °C. for CRC3,, Fig. 1D, Table 2).

A small cohort of the recorded CRC thermograms (only four of the
analyzed CRC blood plasma samples, i.e. 5% of the presented CRC
cases,.regarded as outliers) shows features distinct from the majority
of.cases inctuded in the cp™ra/cp™5 ratio-based classification: These
individual thermograms, CRCy)_ .. are presented in Fig. 2. The ¢p™ o/
cp™r values of those samples are in the range between 0.8 and 1.8,
The four CRC cases (Fig. 2} exhibit a higher number of transitions/
shoulders (5 or 6) and additional transitions appear at §3-67 °C, as
compared to the control and the other CRC cases. The cp®r increases
in two of the cases while in three of them the 82 °C transition is pre-
served. Their Trp (66.3-68.5 °C) is close to the one found for the CRC3
group (67.3-68.5 °C}, i.e. shifted to higher temperature compared to
the control, The CRC,1.q4 cases, all female individuals, are associated
with a spread from the primary carcinoma to the epithelium of the
-neighboring tissues and adjacent orvans. as reported in the clinicat
chart.

In. adchtmn o SIgnlﬁcant differences in cp®™/cp™ s ratios same.
common features can be }der_mﬁed for the majority of CRC DSC pro-
files (with the exception of those presented in Fig. 2):1) T1 is present
in all CRC thermograms and its Ty is not shifted (Table 2); i) the

o5/ tatio is more than double that of healthy controls

(0.04) for CRC3 group and CRC1; and CRC2y subgroups (>0.09),
while not significantly altered in the rest of the subgroups {for
CRC1y and CRCZ, it is 0.05-0.06) (Table 2); iii) no shift in the Ty,
of T2 and T3 transitions is observed; iv) the T4 shoulder and the fast
transition, at ca. 82.°C, are significantly decreased or not resolved in ]
CRC patients {Fig. 1). The lack of the latter transition, attributed to
18G and transfecrin, might indicate either a strong reduction intheir
level in the plasma of CRC patienté up to an almost undetectable
amount, or else its transition is shifted, suggesting a significantly -

-zz,;.ex (cal /g deg)

50 50 70 . 80
Temperature {°C)

Fig. 4. Comparison of blood plasma from patients with non-cancerous soft Lissue
inflammation and. the ‘healthy thermogran. Average DSC thermoegram for non-
cancereus inflammation {black line) and that of hralthy individuals {cyan hine}. The
shading represents the standard deviation for each group (violet, inflammation; light
gray. healthy group). ’
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altered thermal stability of these blood plasma proteins; v) feature-
less high temperatyre. {(70-90 °C} region (rlg ) LomparLd to thar
of healthy individuais.

The similasity metrics for the CRC subgroups in comparison to the

control healthy reference set, estimated according to | 10], vary in the
foltowing ranges 0.370<P{T}~0.728; 0.700<r<0.981; 0456<p~0.778
{Table 2. These values are significantly lower, especially for the sub-
groups denated by (RC1,, from those estimated for the test healthy
thermograms, not included in the reference set {Table 2). The-values
of the metrics P and r for a small additional group of 8 healthy test they-
mograms only slightly differ from those published in {10] due to the

.much smaller set of healthy test thermograms used in our work

- (Table 2). This analysis demonstrates that the CRC classification based
on the thermodynamic parameters ¢ .-:/cpe"” Al!m and Tim con-
forms to the apphed statistical tool.

1.3 DSC p'roﬁles of pan'e_nts with gas_mc cancer‘

The thel mograms of blood plasma from patients with gastric can-
cer {8 cases) are presented in Fig. 3. Likewise the CRC classification,
considering the cp™r/cp™

_ with subscrip’tg:rl numbers) can be distinguished, ¢GC1; and GC1y,
o the cp®r/cp™yy vatio being significantly lower for the GC1y (2.19+

_0.25) than'fér GC1, (1394 0.14} subgroup. It can be seen that these *

subgroups resemble- very much the CRC1; and CRC3, (compare
Figs. 1A and C, and-3). Further, study on a larger cohort of patients
with GC would plOVE 51m|lant1es and/or differences- Wlth the CRC
_c]a551ﬁcanon -

3.4. Plasma DSC pr'oﬁ[es ofbatiéﬁts with soft tisstie inﬂammarion'

!mportantly the thermoglams of plasina ﬂnm pauems W1th soft
_tissue, non-cancerous, inflammation (Fig. 4) -present the same
~number ofsuccesswe transitions as the control one and no substantial
shift in the respective TonaxS but a significantly increased Try (Table 2)

was observed. The excess heat capacities, however, vary significantly.’

The ¢o™ (fibrinogen), ¢,**s and .14 (globulins) significantly in-

" crease, whereas that of albumin ¢p® 1z, decreases. limportantly, the
82 °C rransition is preserved in those patients. Therefore, the thermo-
dynamic behavior is not comparable to that of cancer, color ectal and
gastric, plasma proteome. The similarity metrics also prove that the
STt tl'lEImO"lamS are vefy distinct from the healthy ones (Tabie 2}
These data are in line with the f’ndmgs that albumin level decreases,
whereas fibrinogen increases upon inflammation {11,12].

4. Discussion

Colorectal and gastrointestinal'cancers remain among the most
frequent malignant diseases worldwide with puor prognosis and
low percent of survival, particularly when detected in an advanced
stage. Besides the manifold approaches for identification of CRC bio-
markers no significant progress in CRC ireatment has been achieved
so far. The same holds true for another problematic issue which is
an important part of CRC management, namely the high percentage
of CRC patients developing recusrent disease or metastasis following
surgery, or showing resistance to therapy.

Alchough CRC appeais phenotypically homogeneous, it has been
shown to be heterogeneous on & molecular level. Multiple CRC molec-
war subtypes based on microsatetlite and chromosomal instability.
presumably with prognostic’and predictive significance, have been
found {as discussed in [13-:71). A systems biology appreach {based

on Boolean logic) that integrates the available genetic, transcriptomic,

epigenetic and molecular information on cancer biclogy has been
applied to CRC and has identified novel CRC associated genes and on-
cogenic transeription facters [18]. ;

. ratios, Two subgroups (again denoted

In this work we present a-different, thermoedynamic viewpoint on
the heterogeneous CRC. Our data reveal séverat CRC groups with dif-
ferent thermodynamic features whicl are suggested to ariginate from
maodification of plasma proteome and might help the current under-
standing of CRC in scveral directions discussed below.

4.1. Contribution of microcalorimetry to CRC research

This work presents a thermodynamic investigation of bleod p]aé-
ma proteome. from patients with CRC and a comparison with the
one from “healthy" individuals, patients with gastric cancer and soft
tissue inflammation. Atthough the vast majority of the cancer paﬁems
are in an advanced stage of the disease, the thermograms do not show
one characteristic CRC calorimetric profile, but can be divided into
three main groups {six subgroups in totat) depending on their respec-
tive thermoedynamic parameters. Heterogeneity most probably stems
from the complex character of the disease, which on a molecular level
is expressed-in strongly medified molecular interactions, :

Al six CRC subgroups, particalarly CRC1, and CRC2,, show reduced
enthalpy change AHea as compared o the healthy thermogrant
{Table 2). The enthalpy réduction might reflect destabilization of some

plasma proteins, probably globulins, considering that the value of the ca- - o

lorimetric enthalpy.of protein‘unfolding correlates with the protein sta-
bility and/or decrease in the concentration of some plasima proteins. On
the contrary, the enthalpy change has a slightly higlier value for three
of the CRC outliers, CRC-CRG,.4 (AH 4 ~5:5 cal/g deg), not included in

"the calorimetric classification, that should reflect stabilization of certain

plasma proteins, which-unfold with midpoint transition temperatures
T2, and T2, albumin being one of the possible candidates. Though 25%
of the CRC patients have undergone surgical intervention 1 to 3 months
before’ collection of the plasma samples their thermograms do nat
coincide with the “healthy™ profile but rather belong to some of the
CRC calorimetric profiles. This finding demonstrates that the thermody-
namic features of the blood.plasma remain affected even after surgery, -
reflecting long-tesm modifications of the plasma proteame,
Furthermore, it appears that blood ‘plasma from patients with a
common TNM stage shows distinct DSC profiles. For example 54.7%
of the CRC cases have T1-TANCMO stages i.e. without metastasis
and without lympli node involvement, however their thermograms
are spread between all CRC groups with the exception of CRC25. It is-
1o be noted, however, that the TNM staging does not always correlate
w:th the disease progression. Likewise, elevated levels of the CRC
markers CEA. CA19-9 and CA125 are lound in less than a haf of the
cohort under study, which agrees with the fact that increased levels
of CEA marker is not always detected {19} The statistical evaluation -
of the CRC subgroups of thermograms proves their strong difference
from the healthy controls. Thus the algorithm for quanm.atlve classi-

-fication of DSC profiles, demonstrated for the case of systemic lupus

erythematosus |10}, holds for CRC cases as well.
4.2, Calorimetric discrimination of moflignancies

We have recently reported distinct thermodynamic profiles for
bloed serum proteome of patients diagnosed with multiple myeloma
{MM), ancther fargeiy heterogeneous malignancy [8]. The correlation
of the DSC profiles with serum pratein electropharesis data revealed
that the observed changes in the thermodynamic features of the
most abundant blood serum proteins {albumin and immunoglobu-
lins) could be assigned not only to changes in their concentration
but rather to severe changes in their conformation and thermat stabil-
ity, ascribed to protein-protein and/or ligand interactions. At this
point it is clear that the featureless high-temperature region and the
disappearance of the lgG/transferrin-assigned transition (occurding
at 82 °C in"blood plasma and at 85 °C in blood sera} are common
for CRC. GC and the majority of the MM cases [8]. However, a shoul-
der at this transition is observed in amyotrophic lateral sclerosis,
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ovarian cancer and melanoma where it is more pr onounced than in
the control [3]. So far, only for endometrial and cervical cancers this
fransition was found te coincide with - the one found i the. healthy
ser{3]. These data Suggest that changes in the Ty and. ot 75 tran-

. sition. might” strve as. rnahgnamy 1nd|carur:, at Ieast fm cettain

cancers. =
Most of the studied CRC cases, similar to MM are chalacter:zed by
modified ratios between the excess heat capaatles of albumin and
globulms however in contrasl tec MM, no’ apparent shlft in thewr
fespective Trnax 18 observcd for the CRC cases. Convel sely, two limit- .
ing CRC cases are to- be noted namely the CRC2, and CRC3; sub-
groups . (Fig.. 1B and €): The’ CRCZy, thesmograms exhlblt 111ghly
cooperative thermograms where .all- transitions. merge into one

"Whereas in CRC22 the globulin's transition is hald]y ubselved
CRC3, the albumin one is ‘dramatically decreased and appears on]y o
as a shoulder of the mdin broad; glahulm assngned transition. Al- - .

though at this point we have no exact data- l’OI the' ploteome compo-
sition. o{these cases, it caniot be assumed that the level of albumm
or globulins is reduced to sucha grea( extent. It seemns more appro- '
priate’ to suggest ‘that their therma? stabfilty is strong[y affected, -
thus their thermal transitions overlap and/or they unfold together.

*as macromolecular compzexes Even though these two gloups repre-...

sent-only a small part-of the cohort {(12%) further mvcst;gatlon of

_-lhesr proteone composmon might provide important mformatmn

for the cancer_le{ated mteraclomacs A]though in22%. of CRC {this
study) and 10% ofMM S} cases the thermogramsdo hot dlffer 51gn|f—
icantly from the control set, the remaining CRC and MM subsets (78%

-and 90%. respec{wely} generally differ from_ each!” other which:

*strengthens the D§C potentlal fordisease dlscnmmatmn The valida-

‘tion'of DSC as a diagnostic toot requires high speaﬁc:ry i'e. ability to
: dlstmgu;sh between different diseases as'well a§ betweeil it

€ nplastlc
disorders wn:h different origins aid iocahzatmns indeed, when com-.
paring myeloma and CRC, as d:scussed above DSC proﬁlcs strongly
d]ffcr On the other hand comparisen’ of CRC and’ GC, both of them -
orlgmarmg from-epithelial dyspiasia, bt differing"in their localiza-

- tion, reveals cominon characteristics. Thus. it appcars that the DSC

technlque has a- stiong potential-to d;scnmmate ma!]gnancnes with

" respect to their nature and loca]lzatlon which however, requires fur=

ther systematlc studies..DSC, ance validated, mlght be useful as an
additional test for CRC detection complcmenung the two cuxrem]y
applied worldw1de strategies for early CRC diagnom {fecal mcult
biood test and co[onoscopy) ) :

4.3. Thermaa‘ynamu a‘lscnmmanon between camer and mﬂammanon

“The relatmn hetwccn 1nﬂammatmn and cancer’is a !cmcr-s:andmg
issue, recently recogmzed as the seventh hallmark of cancer f20.21].

- The inflammation {chronic and persistent) is a risk factor for cancer

deve!opment since the mﬂamnmtow component is shown to build
up the microenvironment of mest neoplastic tissues £20-22]. Thus it
is of interest.to establish whether the characteristic cancer ther mody-
namic fcatures correlate with mﬂammatory processes. Indeed. our -
data en patients with $TI, but not cancer, reveala- characteristic DSC

. profite that reflects reduced albumin and iicreased fibrinogen and

immunoglobulin levels, which is different from the profiles found.
for patlents with cancer. Although this remains to be validated with

‘a larger group of such patients, it certainly hrings out the possibility
‘to monitor the inflammatory process by DSC. It should also be noted

that the four casei of CRC, not included in the DSC-based classification
(presented in Fig. 2} and which are associated with the spread of the
tumor toward adjacent tissues, exhibit some thermodynamic features
common with those of ST+, i.e. increased T1, sharp T2, well defined T4
aad preserved T5 transitions.

In sunnmary, this world reveals colorectal cancer-specific alter-
ations in the thermodynansic behavior of blood plasma proteome.
Three CRC groups of thermograms are defired, based an the derived

3

Lhcmodynam]c palamereis ‘The [JICSE]]((‘G findings comnbu{e o

the validation of calort imetry as a non-invasive tool for CRC dmgnos- i

tics and dlscrlmmanon of malignancies. Future mveanatlons will ex-
rend this study in ordet to obtain higher statistics and bertel
understanding of the ﬂhsewed changes'in the thurmodynamlc prop-
erties'of b!ood piasma and serum from.cancer patlenis
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