Toward personalized hemodialysis by low molecular
weight amino-containing compounds: future perspective
of patient metabolic fingerprint
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Introduction

End-Stage Renal Disease (ESRD) on chronic hemodialysis 1s generally associated with carnitine
deficiency, defined by subnormal plasma and tissue free carnitine or elevated acylcarnitine
concentrations [1]|. L-Carnitine (LC) 1s obtained primarly from the diet and plays an essential role in
multiple primary function such as the release of mitocondrial Coenzyme A (CoA) from acyl-CoA
when free CoA supply 1s limited [2]. Several studies gave prominence to the correletion between
patients with type II diabetes on hemodialysis and the reduction of plasma levels of propionyl-L-
carnitine (whereas acetyl-L-carnitine levels proved to be elevated) [1,3]. The aim of this study was
to apply targeted metabolic fingerprint in order to evaluate the metabolic status of hemodialysis
patients. Plasma levels of carnitine and 1its esters have been quantified in uremic patients, diabetics

and non diabetics on chronic hemodialysis treatment.

Materials and Methods

We enrolled 28 patients (15 diabetics and 13 non diabetics), on chronic hemodialysis since at least
s1ix months, followed for two weeks (screening time) and then observed for a week in which two
blood samples were withdrawn, before and after the first dialysis treatment of the week. We pursued
a target metabonomics investigation on plasma levels of all camitine esters and of several amino

acids. Multiplex data were collected in LC-MRM (Multiple Reaction Monitoring) and analysed by

unsupervised multivariate analysis.

Controls Non diabetics Diabetics
Number 10 15
Age (vears) 70 (65-73) 74 (68-76) 73 (67-79)
Gender (male/female) 6/4 12/3

Duration of dialysis (months)

Glycemia (mg/dl)

Haemoglobin (g/dl)

78 (70-86)
13.2(12.9-14)*

42 (9-81)
75 (62-106)
10.5 (9.3-10.9)

66 (31-75)
147 (137-184)*
10.6 (9.8-11.5)

Values are expressed as medians (25%-75% percentiles). *Significantly ditterent from the other study groups.

Results

Basal values of some plasma carnitine species were significatly increased in both diabetic and non

diabetic patients as compared to control (Table I

, Figure 1A).

Basal plasma levels of amino acids Proline, Ornithine, Citrulline and Serine were significatly

elevated 1n uremic patients; no differences were observed for the other amino acids tested (Table III.

Table II Table 111
{arnitin I Contris [-|H:I Moo eliakss Hes ﬂi-”-] Thizkcti %= ] Vall = AWIMe ﬂ[jdg Eu-“t[g.r;,', H." -di_ﬁlrjifg Diﬁhﬂiﬁ p vyl
(=10 in=13 i=15)
St fiale aerfomeniing
=i an 5 oy . o P 41 57 N i A
1 P AL y - an - -
AR N i ab 2 - 2R 0. £y 70, 1 6T ah3d 45
Free carniting A GhET 4 R — M ORALLT J18.09-784.53 FU7 05 100, 13 33 03-034 43
: i il 17 68 17 04 Wy . s34 P £231
el 128833 #6418 30 112504 a g S2.47-501 04 353 15-TH2.0 182 47-85 ] 06 o
3z, 1 23 f2, 282 A40-%
: : 047 051 47 _
U Garmalim Bt T 20054 prdice 200 31 3THE 413.34 005
4o . - ' | 40.42-222.17 2359140454 07 21629 T e
4 crmifing - ' 00T
G Uik 1L (EIRRT thal 1.3 ' . |30 75 9783 0750
s W o b 1 000 e 17,78 1459 84 127 64 3840 14397 I
AL [ Gl U.0-1.0% - o 0
. : . 173 2008 0
. g 0.3 0.5 LR & [hreming d_, e SR iR it 5.
U3 camitine e 14 IR 3R i 151 55 .00l M A3 Hi 0137 AT TAAL T
Meairemr-cfiain aopfoarmrines Lepsirersak HvisonvPreli |4 G 17784 | 8n. 28
elaare sl Bl ne v e v o me y - - o PR s
bt .04 0.1 D10 P ’ s e | 46.38-207 9 |52 48- 18,18 13452 45 :
- R AT-1L0 1041 14 1015 0,17 S i o645 e
[r, 8 -
" ; 004 111 017 . Clrin thine : iy " i
CB L sarnitins e LT BiiE 04 =0 o Je-92 X BT 45-114 87 H - 13822 'I
- . i.:4 035 b 43 . 19 |94 B.17
LH chmiling . , = R HRL LR b . i s 2 SrEin :
(14170124 128404 016 .o il 116.20-26 05 16,4123 1[ 14.43.19.20 o
T aa 704 04 " - 2 :
LI erne A =00 ) CRA06 00,0200 L Histicinz L o 2o s
0 i b1 : 0358121 51 3147 % 3215082 >
LI LV =i Tl AT 164028 019,27 L o 518 044 6101 -
S 0.9 0.1 TEE Prwnylalning BT &l 50270 68 5] |4-125.79 As
Foie (-3 027040 017 057
e . )
121 cami 0.a7 0.8 LR Arg nine ',"'hl nf-f:ld X t'"l,.l s
FoRORRTERE 012 DEA- 16 005,14 1216570 04377 % 32 ¢-133.53
: . .06 08 b% ; : % :
T e ; 4 X hon Bl .
LR L AL 741 14 LE- 4 Cilrlline e - 000
181937 %0 is 9E-80 b 5T X5-111.31
Long-clath nerienmiiney
; i iLn e b i M
N T AL 1 S L i £ PR Er o L It 5.
Cl4.1 aruitioe WAL D718 s 13 ' ALID-5. 2 RIS R8540 ‘
e &1 .10 ) _ 160 o4 53 i
CLG cumiline T 12 DG 1% BilF-1 1] Serire 337519 L7675 5 11104 0.012%
4 01 i L1 0.0 F1s . ‘
chdit-onndline iR 19 14120 (13117 S 4.7 15.93 151
Apatag AL 1560 11777
. 924185 L182-13.65 1133-17.72
N i a1 007 i 3 g 32 604
al i - "oy -
il Y005 1 il 08 (IERAT s Aspaitic ecid L7354 50510 16 5780105 .
i 004 019 14 :
~ATC e E. £9< |
R B0 (LD B o Ly ine-Giluta ing ks per e s
i it ik : LA Al-1035.44 131793138051 | 384 942 36053 '
SR W X K3 -\ 10017
A PO i 1015 | 4i-3.00 1.05-2.03 ] o 16,04 A 8 43
- 0.3 L% L34 AN TR 3902156 14,2828 14 12302415
o2 0, 130,14 | 51-347 133-2.27

B rmparien bl wcer U thiree 5

<
=
O
H
<
oc
L
o
LN

Ly o . ¥ onlreds ve

“Compantson between te thrze stucy oroups. “Conérols varses hoth patient grouns s ; nok signicicent

Extracorporeal dialysis: techniques and adequacy - A

Vittorio Sirolli

Figur@ 1 Table IV
[ Carnifings Man dismbetics P value Diibetis (n-15) P value pvilue
P 1} fow i Meaen
L & = af riferes
a0 1 - -
E] | % ; SUNCLCHO OO
i g =5 S .1 - bib] o
% = = o ~68.53:-61 52 il 7408, 62,26 i
E kR p— 61,54 "y
G ~7431,-36 46 kX2 3079, 46,51 iR
5 ramir o -'i:“llhll o R ‘;:Iljl i (b i
e 4 camiting "'F.'.';.U'.JI:: & LI ECI,'.IIIII]..“E.&:E.EI 0|
oad o 7.4 — 25,0 .
“Fox MESL Al 6567, -3 10 Lo 0.0, - 16:67 haldy s
B o :
z50 2500 Y % camitine P ::., i D0 g ;t;',"f,‘?; i 0,001 ns.
2000 3
20 I. 1200 P Mednmachan actearnting
|: = 100 S
' : : : S W — 588 -
s s 3 p ﬂﬂ*ﬁrﬁﬁ.{m | R S 6£67;-50 10 i 1,43 4186 L I3
: : 1 j . ol s : 50 — 5455 :
w Vi 6204, 000 s A o 13
1 ||| 1
5 N . S1m s 4583 s
) | ‘; ‘e T 8 carriine e 100 s 20N
EUE T 8 TTE : -
I B - - | o s - - = . . —hf-.hr . =500 _—
- R R G T - C102 carniime i ADE C60T 38,00 R
1tQ,:-’::‘:’ﬂ- E:‘E-I“T*' Cl0 1 carnime A 00z s .02 ns
= i3y S i ST 0] s ~EG09, 2.5 e
C10 miline i 2000 o 0,001
. -1 5 0
- - - - - LY L camitime e i Is. e
After hemodialysis 1t was found a significant Sl B0
s Al 50 s %57 00
reduction, as compared to predialysis, for short-  wmeturmnamine
~ -4.23 40,00 X0
Al | camrime Al W (.95 G 10D K 1.7k
X .- 0 X X i _
chain acylcarmitines (70%)., medium-chain e o v o5 e
CI8 | carnifine o 027 el 00130
- - D - " - fﬁ_::;-'._nﬂ. ...U...qﬂ.ﬁ?
acylcarnitines  (50%) and  dicarboxylic
DMzeeburalfy o lcariines
lcarnitines (70%): long-chain acylcarnit
acylcarniunes 0). 10ng-cnain acylcarmitmnes # =0hin3 A%, =30
I T
CADCICSG W {0002 ,j:‘;:'”ﬁ . L5000
) . . ) . . NP T ARt 7451 o
were significantly modified after dialysis i oo e W ey oo
AN r;tﬂm N . ;S_?..fih } it oK

diabetic patients only (Table IV, Figure 1A).

PREto poats 10 pre-dialvsis | Ye) was caloulaiad az Folloovs: 100 (pasteafel’pre “Lammaarson beoween the two patierd paws. ns , rot gignificant.

To examine whether the plasma carnitine species and amino acids has been modified in relation to
hemodialysis treatment in a different way in non diabetic as compared to diabetic subjects, an
analysis for differences of effects was done.

A significant different was only found for short-chain C5:1 carmitine and for dicarboxylic

C3DC/C40H carnitine and for serine.

Discussion and Conclusions

Coenzyme A 1s a cofactor acting as an acyl group carrier and carbonyl-activating group. Important
components of the metabolic CoA network are L-carnitine and 1ts acyltransferases and translocases.
Due to the activities of the various carnitine acyltransferases, which catalyze a reversibly transfer of
an activated acyl unit from CoA to LC, changes 1n the availability of LC 1n the cell affect acyl-CoA
pools rapidly [4]|. This rapid equilibrium mediates the efflux of acylcarnitine esters from different
subcellular compartement, since free CoA and 1ts esters are highly compartmentalized and unable to
cross biological membranes. Thus the carnitine acylation state in the plasma reflects the cytosolic
acylcarnitine pool and may serve as a diagnostic marker for the altered equilibria betweeen acyl-
CoA and acylcarnitine species. Along the well-known alteration of the ratio between free carnitine
and 1ts acyl-esters, a marked increased of a subset of shorth-chain dicarboxylic acylcarnitine esters
(glutarylcarnitine/C5DC) has been observed in our study. This 1s a reminescent of the metabolic
derangement occurring in a discrete number of organic aciduria, disorder often associated with
chronic renal failure |[5]. Our study shows that abnormalities in plasma carnitine profile are common
imn ESRD patients on regular hemodialysis, regardeless of the diabetic state. Patient metabolic
fingerprint may be a useful tool to drive supplementation therapies targeted to normalize the altered

plasma carnitine composition of patients on the basis of a personalized approach.
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