The perturbation of fatty acids of erythrocyte membranes and blood serum

IN patients with colorectal cancer: new opportunities for diagnostics

M.V. Kruchinina, A.A. Gromov, la.l. Prudnikova, *M. V. Shashkov, * A. S. Sokolova, ***V.N. Kruchinin, **** | N. Yakovina, **** N.A. Bannova

**** Novosibirsk
State Technical
University

*** Institute of Semiconductor
Physics, Siberian Branch of
Russian Academy of Science,
Russia

*** Novosibirsk Institute of
Organic Chemistry Siberian
Branch of Russian Academy
of Science

Research Institute of Internal and
Preventive Medicine - Branch of the
Institute of Cytology and Genetics,
Siberian Branch of the Russian
Academy of Sciences

* Boreskov Institute of
Catalysis Siberian Branch of
Russian Academy of Science

T

HCMUMmMym
¥ epanuu

OBJECTIVES METHODS

Colorectal cancer (CRC) is the third most common cancer in the world. Clinical data show that 5-year
survival rate of early-stage CRC postoperative patients is around 90%. However, most of CRC patients were
diagnosed at advanced stage due to its asymptomatic and poor diagnostic technigues. Early screening is an
effective way to reduce the morbidity and mortality. So, it iIs necessary to develop low-cost, less invasive,
high-sensitivity, and high-specificity screening methods for early diagnosis of CRC and its progression.

The CRC patients (63,2+9,4 years old)
Included 64 patients with early stage
(TNM staging I, 1), 59 with late stage
(TNM staging lll, IV) and various tumor
locations. Late stage patients contain
TNM staging Il and IV with lymph node

158 pe rsons

Colorectal cancer Control group

n=123
63,2 + 9,4 years old

n =259 n =64

n=35
61,7 + 7,5 years old

The aim of the study was to investigate the perturbation of fatty acids (FA) of erythrocyte (RBC)
phospholipid membrane and blood serum (BS) in order to find peculiarities which could be used for
early screening, determination of progression of colorectal tumour of various localization and to

or distant metastases of various
localizations (n=14 - liver-only, n=12 —

Histology adenocarcinoma

: - extrahepatic). The healthy controls

reveal C h an g In g tr en d S 1N C RC_reI ated FA ] Caecum | Ascen Trans Descen- | Sigmoid | Rectum | Primary p ) y

dilng ve:‘se dilng colon multiple (n_351 6117i715 yeaI’S Old) Were
colon colon colon tumor : - . :
selected by routine clinical examination.
n=9 n=19 n=10 n=4 n=20 n=>52 n=9
RBC membrane and BS FA
R ES l | S percentages were measured using
Locoregional Liver-only Extra hepatic G C/M S SySte m '[I’I p I e q u ad Ag | Ie nt
CRC metastases metastases . .
FA levels of RBC FA levels of Serum n =33 n=14 n=12 7000B (USA). Analysis was carried out
e & ~_ by Chenomex, MATLAB software
I : 0 I e Wadwl g Sagel) Wagell gy Sagely (Random Forest Classifier and PCA).
< . < n=12 n =52 n =37 n=22 . .- .
B | % ; i o T i . FAs were Identified using Human
@ Q) i H = (i b - .

g i H g i % H - BRI Late stages 26D Metabolic Data Base (HDMB).

: : l : .

(7p) 2

Dodecanoic acid Tetradecanoic acid Pentadecanoic acid Hexadecanoic acid Beefdezigofe :efd JeatECANDIGacIO) rentadecanoiciacial riexadecanoiciacidl

(Lauric) C12:0 (Myristic) C14:0 C15:0 (Palmitic) C16:0 (L:1ticic) C12:0 (Uyctsiic) C14:0 C15:0 (Fziliiiz) CG16:0
< << A . . . .- . .
- I 11 - Control - . 1 - Control The main trends of the significant differentially expressed FAs between
[+T) [ - Proximal 3 [ ] @ - Proximal

® B _ 5 = _ the CRC and healthy controls and between late and early stages of CRC

= I [ - Distal = = [ ] [0 - Distal

© m = =

(75) N

Heptad, ic acid Octad ic acid Ei ic acid Heptadecanoic acid| Detadecanoicacid) Eicosanoicacidl ifi
(Margaric) C17:0 (Stoaric) C18:0 (Arachic) C20:0 (i) €170 tearil Bractley 2 . \ \ \ e \ ” 0 Random Forest Classifier ROC average
< * * % % o l . i [
* T T - i L'g S o ¥ - =t .
E * e ﬁt T % T o ® i o & 2 o 3 9 S @% 05 o
o ) T S bl o 1 5 B8 o Shpimds TEFosls o o e

LT} I L) [] = g 22 " 04 018" - o ® 2 o -

53 - 0 & -k £Y = paR IRE B
3 i i - id £ S 1t I
= 3 4 a .'. Lauric Myristic Pentadecylic Palmitic Margaric Stearic Arachidic @

8 1 }3 — acid (C12:0) acid (C14:0) acid (Cc15:0) acid (c16:0) acid (c17:0) acid (C18:0) acid (C20:0) m 0 6

= q - = o 0.

=1 Cis-7-hexadecanoic acid Cis-9-hexadecanoic acid Cis-9-octadecanoic acid  Trans-9-Octadecanoic acid = Cis-7-hexadecanoic acid) Cis-9:hexadecanoic acidl  Cis-9-octadecanoicacid)  Trans-9:0ctadecanoic acid | E a E * - = é
(7-palmitooleic) C16:1;7 (9-palmitooleic) C16:1;9 (oleic) C18:1;c9 (Elaidic) C18:1;t9 (7=palmitopleic)y » [ 1 4 (9-palmitooleic) » [ = K ] (0/z12) C18:1;€9 (ZL1le/l) C18:1;9 = . ° ‘ K7
*% %* » = o° O

. Nk iy . ol xk _g c.i.: o Bo %O a 04
< % o <8 AA 8 &8 > a® <] o o ()]
L Kk 1_1‘— e *Kk%* A % .‘.". o = -_<_> o o Q% ° E
53 = * I das T83 Y4 T44 :

S % i B S - | H S = i ) - 0.2

D.. — . 0 - T.}. = E L 7-Palmitoleic 9-Palmitoleic Oleic Elaidic .
P . ~ =) i % acid (c16:1:7) acid (c16:1:9) acid (C18:1;c9) acid (C18:1:9)
S ® S @ ' . = Al

e 1 AL ® % - = = . - e = . t —— AOC average area = 0.995

= Octadecatrienoic acid Eicosapentaenoic acid Docosapentaenoic acid Docosahexaenoic acid S Driadecatrienoicacidl EICOSdPENdEnoIciacid) Hocaszigzizigole zee) Docosdliexaenoic acid, % s 0 0 ’

(Linolenic) C18:3;6,9,12(n-3)  C€20:5;5,8,11,14,17(n-3) C22:5;7,10,13,16,19(n-3)  C22:6;4,7,10,13,16,19(n-3) (Lirolzic) C18:3;6,9,12(n-3)  €20:5;5,8,11,14,17(n-3) C22:5;7,10,13,16,19(n-3)  C22:6;4,7,10,13,16,19(n-3) = . ) g e 0.0 0.2 04 0.6 0.8 1.0
B & o A s - & o % % _ iﬁ % % False Positive Rate

: ] 5 -8 BHE Bt :

[ n AL [ j <) * (] : ° . g . .
% 2 A H L | _.;‘3 H * . cg .oc-LinoIenic Eicosgpentaenoic Docosgpentaenoic Docosahexaenoic Random FO rest CIaSSIerr appllcatlon
o E N i I % acid (C18:3;6,9,12) acid (c20:5) acid (c22:5) acid (C22:6)

T = = i -

25 é § w 1 =% I i £ e o e o 1 based on all data in database. 95
(7)) - N L - * % *
(o= = 2 .
= Hexadecadienic acid Octadecadienoic acid Docodienoic acid Dihomo-y-linolenic acid = Hexadecddiencaciy) DCIadECIAIENOIC G DOCOAIENOIC deid] Dlesns==liniolzrie zieid § © ) F e atu reS - Ctrl VS C R C (tOtaI) -
C16:2;9,12(n-6) (Linolic) C18:2;9,12(n-6) C20:2;11,14(n-6) C20:3;8,11,14(n-6) C16:2;9,12(n-6) (Linolic) C18:2;9,12(n-6) C20:2;11,14(n-6) C20:3;8,11,14(n-6) § . g % -
E *kk {‘E‘ [ * D_o_ o géé - e) e & > o % 3 1 ’O =
;. © i) Slgnlflc.an.t .dlfferences from: L) ! = Slgnlﬁc.an.t .dlfferences R % Linoleic Docodienoic  Dihomo-y-linolenic ~ Arachidonic Docosatetraenoic
e 9 7 Healthy individuals: = 9 Healthy individuals: acid (c18:2) acid (c20:2) acid (C20:3) acid (c22:4) acid (c22:4)
S ﬁ - * . p<0,05; ** - p<0,01; *** - p<0,0001 . S * . p<0,05; ** - p<0,01; *** - p<0,0001 08 I
© % e y Proximal tumor: 1:; :_CE g Sroximal imor: O healthy controls @ early stage patients @ late stage patients ’
3 o 1 A . p<0,05; A - p<0,01 S b T A . p<0,05; A - p<0,01
g . - = = 5 _:3 - CRC vs healthy t - late vs early stages
Eicosatetraenoic acid Docosatetraenoic acid Sleosziigifziggole el DocoSdieiidenolcacid)
C20:4;5,8,11,14(n-6) C22:4;7,10,13,16(n-6) €20:4;5,8,11,14(n-6) C22:4;7,10,13,16(n-6) 2 0,6 -
=
*kk o *—*_* . . . . _a
= T e Diagnostic accuracy evaluation using ROC curves for S
T T A _ S — : : . ? 04 AUC Sens. Spec.
5 I H - T Il potential FA biomarkers:
- -_— 1 0,86 0,78 0,87
% I - - B - | Panel 1 - early stage CRC patients versus healthy
L . — D 7
1 | Controls’ 0,2 | 0,8 0,83 0,81
- T Panel 2 - the late stage patients versus the early ones; , — N /e 00
Sum of Sum of Sum of Mono- Sum of Poly- Panel 3 — the distant mts versus locoregional mts. 0,0 © | ' ' '
Saturated FA Unsaturated FA Unsaturated FA Unsaturated FA 0,0 0,2 0,4 0,6 0,8 1,.0
. = 1 - Specificity

% % H 5§ i
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Summary levels of Fatty Acids in Erythrocyte Membranes

S oro o Sum oroa P P — A total of 21 differentially expressed FA in RBC membrane and BS were identified.
Each FA class demonstrated specific changing trends in CRC progression (down-
iﬁx’m’, g:,:,:l, regulation in saturated, monounsaturated (MUFA) and up-regulation in PUFA during
T * B - Distal B - Distal cancer progression).
i g ; Signioant aifersiicss from; % i piulfcars differances fim; The revealed FA differences, associated with the stage of the disease, tumour localization
§ % served as the basis for development of diagnhostic panels enabling to verify the CRC
T Sum of Saturated FA/ X io::;;guzi<o,o1 s ':0::':’:5;”'\":‘?’[-“0'01 P atients.
et e The panel 1 containing FA of RBC and BS: C20:2, C20:3, C20:4, C22:4, C22:5, C22:6 -
Significantly lower value of RBC C16:2 (p=0.015), C18:2 Discriminated PCA T achie_\_/e_d high diagnost_ic accuracy (0,79) with AU(_: of 0.86, a sensitivity of 0.78 and a
(p=0.004), C20:2 (p=0.011), C20:3 (p=0.025) and serum resul;iigl lfjit% fatty 75 specificity of 0.87 for differentiating early stage patients from healthy controls (OR 19,4
C18:3 (p=0.002), n-6/n-3 (p=0.04) as compared to distal o N =0 (0,17;0,55), which was better than the carcinoembryonic antigen biomarker [1]. The
tumour localization, has been noted for patients with S e |+ . oy combination of two diagnostic panels, including RBC FA - C20:2, C20:3, C20:4, C22:4,
proximal tumors. However the higher level of 2.5 - e o0 "' - C22:5, C22:6 and BS FA - C20:3, C20:4, C22:6 - showed the best predictive power when
erythrocytes C18:1 (p=0.035), amount of MUFA (p=0.02) N PR [ . comparing the Il stage CRC patients (AUC 0.82, diagnostic accuracy 0.81, sensitivity
were observed in CRC patients with proximal tumors than R o el 0.73, specificity 0.86, OR 16.9) and Ill stage (AUC 0.84, diagnostic accuracy 0.80,
those with distal. In patients with proximal tumours, lower 8 At sensitivity 0.76, specificity 0.86, OR 19.4) with healthy controls. The model 2 (FA of RBC
mean level of RBC C20:5 (p<0.05) and serum C20:3 » S F Ty o[ ecomral - C 14:0, C16:0, C16:1, C18:1, C20:3, C20:4, C22:4, C22:5, C22:6) allowed us to
(p=0.04), C20:4 (p<0.05) as compared to patients with . | ° ,|[c-CRO34 determine the presence of distant metastases (AUC 0.83, OR=2.29). Probably, FA
distal tumor were noted only for patients with disease e cee |° g : . . : .
orogression. - . " modlflcat!ons are essential for cprrect _S|gnaI|n_g, mcluc_hng Hh, Wnt pathways, so
5 0 5 10 perturbation of FA are closely associated with carcinogenesis [2, 3].

CONCLUSIONS
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