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1. Introducere

Anemia reprezintd o cauza importanta de morbiditate i mortalitate la pacientii cu
insuficienta renald cronica in general si in particular la pacientii hemodializati cronic.

Tratamentul cu agenti stimulatori ai eritropoezei a imbunatatit semnificativ
anemia si calitatea vietii la pacientii cu insuficienta renala cronicd. Cu toate acestea s-a
constatat ca aproximativ 12% din pacientii hemodializati cronic prezintd raspuns
nesatisfacator la tratamentul cu eritropoetina (1) necesitand doze crescute de eritropoetina
ceea ce duce la o crestere semnificativa a costurilor, oricum mari, ale tratamentului la
acesti pacienti; in ultimii ani s-a studiat din ce In ce mai mult rolul inflamatiei si al
stresului oxidativ in patogeneza si tratamentul anemiei la pacientii dializati cronic
reflectand eforturile care se fac permanent pentru Tmbunatatirea tratamentului si a calitatii
vietii la pacientii cu boald cronica de rinichi. A fost dovedit rolul unor citokine
proinflmatorii si a unor proteine de faza acutd in rezistenta la rHuEPO (1). S-au gasit insa
putine studii in literatura referitoare la rolul hepcidinei in anemia pacientilor
hemodializati cronic(2-4) si nu s-au gasit date in literatura studiata referitoare la posibili
agenti terapeutici care ar putea reduce sinteza hepaticd de hepcidind. Cateva studii
experimentale recente, din anii 2006-2007 au aratat rolul IL17 in inhibarea eritropoezei
medulare (5-7), rolul expresiei crescute a TLR4 care induce apoptoza progenitorilor
eritroizi medulari la sobolanii cu anemie Fanconi (8), dar nu s-au gasit studii clinice pe
pacienti dializati care sa arate rolul lor in anemia renalad sau rezistenta la tratamentul cu
rHuEPO. In ceea ce priveste stresul oxidativ si anemia renald, rezultatele din literaturd
sunt contradictorii, studiile se refera mai mult la hemoliza indusa de radicalii de oxigen
si mai putin la alte mecanisme (9-12); s-a incercat asocierea unor agenti antioxidanti ca
vitamina E la tratamentul anemiei dar mai mult sub forma de vitamina E incorporata in
membranele de dializa si mai putin in administrare per os (13) si s-a urmarit in special
efectul asupra reducerii stresului oxidativ la pacientii hemodializati si mai putin efectul
posibil de ameliorare a raspunsului la rHuEPO la pacientii cu capacitate antioxidanta
scazutd.

Lucrarea de fata isi propune sa aduca elemente noi in intelegerea mecanismelor
patogenetice ale anemiei si rezistentei la tratamentul cu rHuEPO la pacientii
hemodializati cronic, precum si in ameliorarea raspunsului la rHuEPO si 1si fixeaza
urmatoarele obiective:

a) evaluarea relatiei IL17, a hepcidinei §i a expresiei TLR4 cu anemia §i raspunsul
la rHuEPO la pacientii hemodializati cronic, subiecte putin studiate pana in prezent,

b) evaluarea relatiei stresului oxidativ crescut §i a capacitatii antioxidante scazute
cu anemia §i raspunsul la rHuEPO la pacientii hemodializati cronic fara hemoliza,

c) evaluarea efectului tratamentului adjuvant cu atorvastatin asupra valorilor
hepcidinei si raspunsului la rHuEPO, efect care nu a fost descris pana in prezent in
literatura studiata;

d) studiul efectului tratamentului adjuvant cu doze mici de vitamina E,
administrata per os asupra ameliorarii raspunsului la rHuEPO la pacientii hemodializati
cronic fara hemoliza si cu capacitate antioxidanta scazuta.

2. Cuvinte cheie: anemie, hemodializa cronica, rispuns nesatisfacator la rHuEPO,

interleukina 17, hepcidina, TLR4, superoxid dismutaza eritrocitara, atorvastatin, vitamina
E



3. Contributii personale
3.1Corelatia unor markeri ai inflamatiei cu anemia si raspunsul la

rHuEPO la pacientii hemodializati cronic
3.1.1. Obiective principale
- evaluarea corelatiei CRP, IL17, hepcidinei, TLR4 cu anemia si raspunsul la
rHuEPO la pacientii hemodializati cronic
- evaluarea efectului tratamentului adjuvant cu atorvastatin asupra anemiei si
raspunsului la rHuEPO la pacientii hemodializati cronic
3.1.2.Material si metoda

Au fost inclusi in studiu 69 de pacienti cu boala cronica de rinichi tratati cu
hemodializa cronica si rHuEPO de minim sase luni la Centrul de Dializa Nefromed Cluj
Napoca. Au fost exclusi pacientii cu: hemoragii oculte sau clinic manifeste in ultimele
trei luni, hemoliza, deficit absolut de fier (feritind <100 ng/dl + saturatia
transferinei<20%), deficit de vitamina B12 si/sau acid folic (anemie macrocitara),
neoplazii, hiperparatiroidism secundar sever (PTH>400 pg/dl), doza insuficienta de
dializa (Kt/V<1.2), ciroza cu hipersplenism, insuficienta cardiaca congestiva , tratament
cu statine in ultimele trei luni, participanti la alte studii in paralel, pacienti tratati cu alt tip
de rHuEPO decat beta rHuEPO.

Un numar de 14 voluntari sanatosi au fost inclusi in lotul martor.

S-au determinat valorile hemoglobinei, hematocritului, valorile serice ale
sideremiei, feritinei, la inceputul studiului si apoi lunar. Saturatia transferinei s-a
determinat la inceputul studiului si la 3 luni. Determinarile biologice enumerate s-au
efectuat la Laborator SYNEVO Cluj Napoca prin colaborare si cu resurse financiare de la
Centrul de Dializd Nefromed Cluj Napoca.

Deficitul functional de fier s-a definit ca feritina >100 ng/dl cu saturatia
transferinei < 20%.

S-au notat dozele administrate de rHuEPO (U/kgc/saptamanad) la inceputul studiului si
apoi lunar si s-a calculat indicele de raspuns la rHuEPO
(UrHuEPO/saptamana/hematocrit). Raspunsul nesatisfacator la rHuEPO s-a definit ca
indice de raspuns la rtHuEPO>200.

S-au determinat urmatorii markeri ai microinflamatiei la pacientii hemodializati
cronic: CRP utilizand kit ELISA la inceputul studiului si apoi lunar, hepcidina serica
utilizand kit ELISA la inceputul si la finalul studiului, IL17 serica utilizand kit ELISA la
inceputul studiului, expresia TLR4 la nivelul monocitelor periferice prin flowcitometrie,
utilizand anticorpi monoclonali anti TLR4 marcati cu carboxifluoresceind, la un numar de
30 de pacienti hemodializati cronic, la inceputul studiului.

La lotul martor s-au determinat : CRP, IL17, hepcidina serica si expresia TLR4 la
nivelul monocitelor periferice.

Determinarea CRP, IL17, hepcidinei si expresiei TLR4 a fost finantata de catre
CNCSIS prin grant tip TD, cod proiect TD-111, numar contract 584 din octombrie 2007 ;
probele au fost prelucrate la Laboratorul de Imunologie al Spitalului Clinic Judetean de
Urgenta Cluj.

S-a urmarit corelatia CRP, hepcidinei, 1117 si TLR4 cu hemoglobina, feritina,
saturatia transferinei, doza de rHuEPO si indicele de raspuns la rHuEPO. Pacientii au



fost stratificati ulterior in functie de Hb, indicele de raspuns la rHUEPO si hepcidind in
trei grupuri :
- grupul A : pacienti cu indice de raspuns la rHuEPO <200
- grupul B : pacienti cu indice de raspuns la rHuEPO>200, hepcidina >200 pg/dl,
tratati cu atorvastatin 10 mg/zi timp de 6 sdptamani + beta rHuEPO s.c.
- grupul C : pacienti cu indice de raspuns la rtHuEPO>200, hepcidina >200 pg/dl,
tratati cu beta rHuEPO, fara atorvastatin
Cele trei grupuri au fost analizate comparativ sub raportul relatiei dintre hepcidina
si hemoglobind, raspunsul la rHuEPO si saturatia transferinei Tnainte si dupa
administrare de atorvastatin.
Datele au fost analizate statistic cu programul Sigma Stat utilizand testul t,
regresia liniara, testul ANOVA si Kruskal Wallis. Rezultatele sunt redate ca
mediatSD.

3.1.3. Rezultate

Tabel 1. Caracteristici generale ale pacientilor hemodializati cronic din lotul

studiat
Media + SD
Varsta (ani) 59+11
Vechimea in dializa (ani) 48+1.1
KT/V 1.35+0.1
IMC (kg/mp) 229+ 1.7

Tabel 2. Parametrii biologici ai pacientilor hemodializati cronic din lotul studiat,
doza de rHuEPO si indicele de raspuns la rHuEPO

Media + SD
Hb (g/dl) 10.6 £1.7
Ht (%) 32.5+4.6
Sideremie (microg/dl) 61.1 £3.2
Feritina (ng/ml) 767.2 +£47.3
Saturatia transferinei (%) 27.1+94
CRP (mg/l) 72+34
IL 17 (pg/ml) 53.3+£23.1
Hepcidina (pg/ml) 336.6 + 123.7
Doza de rHuEPO (U/kgc/saptdmanad) 104 +15.2
Indicele de raspuns la rHUEPO (U/saptamana /Ht) 249 £ 15.9
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3.1.4. Discutii

In studiul de fatd s-a gisit o corelatie inversa intre valorile serice ale CRP si
hemoglobind, intre CRP si raspunsul la rtHUEPO si o corelatie pozitiva intre CRP si doza
administratd de rHUEPO. Aceste rezultate sunt in concordanta cu cele publicate de
Kalantar Zadeh et al. (14), care au demonstrat existenta unei corelatii semnificative intre
anemia refractara si citokinele proinflamatorii pe un lot de 339 de pacienti hemodializati
cronic. Desi lotul studiat in cadrul tezei de fata este mai mic, corelatiile sunt statistic
semnificative. Alte cateva studii precedente, efectuate pe numar mic de pacienti, au
raportat rezultate similare, unii autori aratdnd corelatia anemiei si a raspunsului la
rHuEPO cu CRP, dar si cu alte citokine proinflamatorii cum ar fi IL6, IL12, TNF alpha
(15,16).

IL17 a fost semnificativ crescuta la pacientii hemodializati comparativ cu lotul martor si
s-a corelat pozitiv semnificativ cu CRP si cu hepcidina. De asemenea s-a gasit o corelatie
inversd semnificativa a IL17 cu hemoglobina. Doza de rHuEPO administrata, si indicele
de raspuns la rHUEPO s-au corelat pozitiv cu IL17, semnificativ statistic. Nivelul seric al
IL17 a fost semnificativ mai mare la pacientii cu raspuns nesatisfacator la rHuEPO
comparativ cu cei cu rispuns bun la rHuEPO. in ceea ce priveste metabolismul fierului s-
a constatat n studiul de fata exitenta unei corelatii negative semnificative a IL17 cu
saturatia transferinei. Aceste rezultate sugereaza ca IL17 influenteaza negativ raspunsul
la rHuEPO la pacientii hemodializati cronic prin actiune la nivelul metabolismului
fierului si completeaza cunostingele existente pdand in prezent referitoare la patogeneza
anemiei §i rezistenta la tratamentul cu rHuEPO la pacientii hemodializati cronic,
deoarece nu a fost mentionat pana acum in literatura studiata, rolul IL17 in
metabolismul fierului si nici in anemia renala si rezistenta la rHuEPO. Rezultatele
obtinute arata ca hepcidina, la pacientii hemodializati cronic, se coreleaza cu anemia,
raspunsul nesatisfacator la rHuEPO si deficitul functional de fier, rezultate importante
deoarece studiile existente sunt mai ales experimentale, evalueaza rolul hepcidinei in boli
inflamatorii cronice, dar studiile pe pacienti hemodializati cronic sunt putine si cu
rezultate contraditorii. Unii autori au gasit valori mai mari ale hepcidinei la pacientii
hemodializati cronic comparativ cu lotul martor, o corelatie pozitiva a hepcidinei cu
feritina, CRP si doza de rHUEPO si negativa cu hemoglobina, rezultate similare cu cele
obtinute in studiul nostru (140), in timp ce altii nu au gasit diferente semnificative intre
valorile hepcidinei la lotul martor si la pacientii hemodializati cronic, au raportat
existenta unei corelatii negative a hepcidinei cu hematocritul, dar nu au gasit corelatii
semnificative ale hepcidinei cu doza de rHuEPO sau cu feritina si saturatia transferinei

(17).



Expresia TLR4 la nivelul monocitelor periferice s-a corelat negativ cu hemoglobina si
pozitiv cu doza administratda de rHuEPO si indicele de raspuns la rHuEPO. Studii
experimentale, de data recenta , au identificat prezenta de TLR4 la suprafata
progenitorilor eritroizi medulari, activarea lor inducdnd secretie de citokine
proinflamatorii (TNFa, IL23 si IL17) si apoptoza celulara (8, 18, 19). Nu au fost gdsite
insd, in literatura care ne-a fost accesibila, studii efectuate pe pacienti hemodializati
cronic care sa urmareasca relatia TLR4 cu anemia, ceea ce face ca rezultatele acestui
studiu, care arata ca expresia crescuta a TLR4 se coreleaza cu hemoglobina scazuta si
raspuns nesatisfacator la tratamentul cu rHuEPO independent de metabolismul fierului,
sd fie un element nou in etiopatogenia anemiei si a raspunsului nesatisfacator la
tratamentul cu rHuEPO la pacientii hemodializati cronic.

La pacientii tratati cu atorvastatin timp de 6 saptamani Hemoglobina a crescut
semnificativ, dozele administrate de rHuEPO au scazut si raspunsul la rHuEPO s-a
imbunatatit semnificativ fatd de momentul initial, in timp ce la pacientii cu raspuns
nesatisfacator la rHuEPO care nu au fost tratati cu atorvastatin hemoglobina a ramas
relativ constanta sub 10 g/dl, fara crestere sau scddere semnificativa, dozele administrate
de rHUEPO nu au scazut si raspunsul la rHuEPO nu s-a imbunatatit comparativ cu
momentul initial. Studii din 2006-2007 au demonstrat ca tratamentul cu atorvastain
reduce nivelul CRP §i sinteza unor citokine proinflamatorii (IL6, TNF a), efectul fiind
dependent de doza (20-22), dar nu s-a urmarit efectul tratamentului cu atorvastatin
asupra hepcidinei si nici asupra anemiei sau raspunsului la rHuEPO la pacientii
hemodializati cronic. Studiul de fata este astfel, din cunostintele noastre, primul studiu
care arata efectul atorvastatin de reducere a hepcidinei, ameliorare a metabolismului
fierului §i a raspunsului la rHuEPO la pacientii hemodializati cronic, cu implicatii
posibile in imbunatatirea tratamentului anemiei, ameliorarea calitatii vietii §i reducerea
costurilor legate de tratamentul acestor pacienti.

3.2. Corelatia unor markeri ai stresului oxidativ cu anemia si raspunsul
la eritropoetina la pacientii hemodializati cronic
3.2.1. Obiective

Scopul studiului de fata este de a analiza relatia unor markeri de stress oxidativ cu
anemia si raspunsul la rtHUEPO la pacientii hemodializati cronic, precum si efectul
tratamentului adjuvant cu vitamina E per os in doze mici, ca antioxidant, asupra
raspunsului la rHuEPO.

3.2.2. Material si metoda

Au fost inclusi 1n studiu 65 de pacienti cu boala cronica de rinichi tratati cu
hemodializa cronica si rHuEPO de minim trei luni la Centrul de Dializa Nefromed Cluj
Napoca.

Au fost exclusi pacientii cu: hemoragii oculte sau clinic manifeste in ultimele trei
luni, hemoliza, deficit absolut de fier (feritind <100 ng/dl + saturatia transferinei<20%),
deficit de vitamina B12 si/sau acid folic (anemie macrocitard), neoplazii,
hiperparatiroidism secundar sever (PTH>400 pg/dl), doza insuficientd de dializa
(Kt/V<1.2), ciroza cu hipersplenism, insuficientd cardiaca congestiva

22 de voluntari sanatosi au fos inclusi intr-un lot martor.



S-au determinat urmatorii markeri de stres oxidativ la pacientii hemodializati cronic
si la lotul martor: malondialdehida (MDA), ca marker al peroxidarii lipidelor, prin
metoda precipitarii cu acid tiobarbituric (TBARS) proteinele carbonilate — ca marker al
peroxidarii proteinelor utilizand metoda REZNICK — Laboratorul de stres oxidativ din
cadrul Catedrei de Fiziologie a UMF Iuliu Hatieganu Cluj Napoca.

Ca indicatori ai capacitatii antioxidante s-au determinat urmatorii markeri la pacientii
hemodializati cronic si la lotul martor:

- ceruloplasmina — metoda Ravin- Laboratorul de stres oxidativ din cadrul

Catedrei de Fiziologie a UMF Iuliu Hatieganu Cluj Napoca

- superoxiddismutaza eritrocitard (SOD): utilizand kit RANSON (RANDOX

Laboratories UK) — Catedra de Biochimie a UMF luliu Hatieganu Cluj Napoca

Au fost comparate rezultatele markerilor determinati la hemodializatii cronic cu cele
ale lotului martor.

Valori ale SOD >150 U/ml au fost considerate normale, raportat la standard.

Pacientii cu SOD<150U/ml au fost impartiti randomizat in doud grupuri:

- grupul A (n=11): pacienti cu SOD<150UI/ml la care s-a administrat vitamina E
(alfa tocopherol), per os, in doza de 400 mg/zi (600 Ul/zi) timp de 8 saptdmani,
asociat tratamentului cu rHuEPO

- grupul B (n=13): pacienti cu SOD<150 Ul/ml, tratati cu rtHuEPO, la care nu s-a
administrat vitamina E

Grupul C (n=41) a fost constituit din pacienti cu valori normale ale SOD
(SOD>150U1l/ml)

S-au determinat hemoglobina, hematocritul, sideremia la inceputul studiului si apoi
lunar. Feritina si transferina s-au determinat la inceputul si la finalul studiului.

S-au Inregistrat dozele prescrise de rHuUEPO (U/kgc/saptamana) la inceputul si la
sfarsitul studiului. S-a calculat indicele de raspuns la rtHUEPO dupa formula:

Indice de raspuns la rHuEPO = U de rHuEPO/ saptamdna / hematocrit. Raspunsul
nesatisfacator la rHuEPO s-a definit ca indice de raspuns la rHuEPO>200.

S-a efectuat o analizd comparativa a datelor provenite de la cele trei grupuri sub
raportul relatiei Intre markerii de stres oxidativ si hemoglobina, doza de rHuEPO
administrata si raspunsul la rHuEPO inainte si dupa administrarea vitaminei E.

Pentru prelucrarea statistica a datelor s-a folosit programul Sigma Stat utilizandu-
se testul t, regresia liniara, testul ANOVA, testul Kruskal Wallis. Valori ale p<0.05 au
fost considerate statistic seminificative.

Rezultatele sunt prezentate ca media+ SD
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rHUEPO responsiveness index (U/week/hematocrit)

3.2.3. Rezultate

Tabel 3. Parametrii biologici, doza de rHuEPO si indicele de raspuns la rHuEPO

comparativ la cele trei grupuri de pacienti hemodializati cronic

Caracteristici Grup A Grup B Grup C

Hb (g/dl) 8.6£0.6 94+0.3 11.4+04
Hematocrit (%) 26.1+£54 28.6+7.3 33.8+6.2
Sideremie (ug/dl) 1023+ 11.5 99.8 £10.4 112.7+12.5
Feritind (ng/ml) 327.6 +£23.8 385.6£45.5 | 311.7+36.7
rHuEPO U/kg/saptamana 102.5+14.9 952 +13.8 50.6+11.8
Indicele de raspuns la rHuEPO 271.7+£17.3 2253+194 | 147.6+12.6
(UIrHuEPO/saptamana/hematocrit)

Parathormon (pg/ml) 299.4 £22.8 255.7+£31.6 |274.8+26.2
Calciu seric (mEgq/1) 48+0.4 45+0.2 4.6+0.3
Fosfati (mg/dl) 5.9+£0.9 6.1+0.5 5.8+0.7
Tabel 4. Markeri de stres oxidativ la pacientii hemodializati cronic cu Hb<10 g/dl vs
Hb>10 g/dl

Markeri de stress oxidativ Hb<10 g/dl Hb>10 g/dl p

MDA (nmol/ml) 2.1+0.2 1.9£0.1 0.45, NS
Proteine carbonilate (mg/g 1.01+0.8 1.00+0.8 0.94, NS
de proteine)

SOD eritrocitard (U/ml) 135.1+5.7 168.1+6.3 <0.001
Ceruloplasmina ((mg/dl) 25.3+2.1 23.7+1.5 0.6, NS
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Fig 10: Corelatia SOD cu indicele de
raspuns la rHuEPO (p=0.0122,
R=0.319) la pacientii hemodializati
cronic

Fig. 11: Hemoglobina la pacientii din
grupul A comparativ cu grupul B si C
inainte si dupa suplimentare cu
vitamina E
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Fig. 12 : Indicele de raspuns la rHuEPO la pacientii din grupul A comparativ cu
grupul B si C inainte si dupa suplimentare cu vitamina E

3.2.4. Discutii

In acest studiu s-a gasit o corelatie semnificativa a SOD eritrocitare cu hemoglobina. S-a
constatat de asemenea o corelatie inversa intre SOD si indicele de raspuns la
eritropoetina .Unele studii anterioare au gasit o corelatie intre SOD si nivelul
hemoglobinei, in timp ce altele nu au raportat existenta unei corelatii intre anemie si
valorile SOD eritrocitare (23-25). De asemenea, studii precedente experimentale si
clinice au aratat existenta unor corelatii intre MDA (ca marker al peroxidarii lipidelor) si
anemie, precum §i intre proteinele carbonilate (ca marker al atacului oxidativ asupra
proteinelor) si anemie, demonstrand totodata ca peroxidarea lipidelor si carbonilarea
proteinelor din membrana eritrocitara sunt responsabile de hemoliza si agravarea anemiei
in conditii de stres oxidativ crescut (26-29). In studiul de fatd nu s-au gdsit corelatii ale
MDA si proteinelor carbonilate nici cu hemoglobina, nici cu doza de eritropoetina
administrata sau indicele de raspuns la eritropoetina. Au fost exclusi Insa pacientii cu
hemoliza, ceea ce face ca rezultatele obtinute sa fie cu atdt mai importante, majoritatea
studiilor precedente axandu-se tocmai pe demonstrarea rolului hemolizei datorate oxidarii
structurilor membranei eritrocitare. Rezultatele studiului de fata arata ca in prezenta
producerii crescute de radicali liberi, capacitatea antioxidanta scazuta se coreleaza cu
severitatea anemiei si cu raspunsul nesatisfacator la tratamentul cu eritropoetina la
pacientii hemodializati cronic, implicate fiind alte mecanisme decat hemoliza.

La pacientii tratati cu vitamina E (grupul A) hemoglobina a crescut semnificativ
dupa 8 saptamani de tratament . Mai mult decat atat, la sfarsitul tratamentului cu vitamina
E hemoglobina pacientilor din grupul A a fost semnificativ mai mare decat cea a
pacientilor cu valori scazute ale SOD care nu au primit vitamina E (grupul B), cu toate ca
a ramas mai micd decat a pacientilor din grupul C cu valori normale ale SOD. La
pacientii tratati cu vitamina E raspunsul la eritropoetina s-a imbunatatit semnificativ dupa
8 saptamani comparativ cu momentul de start. Doza prescrisa de eritropoetina la acesti
pacienti dupa 8 saptamani de co-administrare de vitamina E a fost semnificativ mai mica
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decat cea necesara la pacientii cu SOD scazutd care nu au primit vitamina E si care au
necesitat doze chiar mai mari de rHuEPO comparativ cu momentul de start reflectand
eforturile de a atinge hemoglobina tintd. Studii experimentale anterioare au demonstrat
ca vitamina E este epurator al radicalului superoxid completdand astfel activitatea SOD §i
reduce sinteza xantinoxidazei, enzima generatoare de radicali superoxid (30-33).
Rezultatele acestui studiu sunt considerate ca fiind de mare importanta deoarece
demonstreaza in vivo efectul suplimetarii per os cu vitamina E la pacientii cu valori
scazute ale SOD.

3.3. Rolul anemiei in progresia bolii cornice de rinichi

3.3.1. Obiective
Obiectiv principal: Evaluarea relatiei dintre anemie si progresia BCR la pacienti cu
nefropatie cronica diabetica si nediabetica
Obiectiv secundar : Stabilirea valorii optime a hemoglobinei care trebuie mentinuta
pentru a incetini progresia BCR
3.3.2 Material si metoda

Studiul de fata este un studiu retrospectiv. Au fost luati in studiu 87 de pacienti cu
insuficienta renala cronica in predializa (nefropatie cronicd stadiile 2-5 K/DOQI in
predializd), internati in Clinica Nefrologie Cluj Napoca in perioada 2000-2006.

Criterii de excludere : glomerulopatii in tratament cu corticoizi, imunosupresoare,
lupus eritematos systemic, factori de acutizare: deshidratare, infectii, medicatie
nefrotoxica, valori TA insuficient controlate medicamentos, diabet zaharat dezechilibrat,
neoplazii, hemoragii

S-a calculat Cl creatininic dupa formula Cockroft Gault la inceputul si la sfarsitul
perioadei de urmarire.

S-a calculat rata de progresie a BCR (declinul lunar al Cl creatininic) dupa formula:

(Cl creatininic 2 — Cl creatininic 1)/ numar luni de urmarire.

S-au notat din foile de observatie ale pacientilor valoarea hemoglobinei la momentul
initial, valorea proteinuriei, valorile serice ale albuminei acidului uric si colesterolului
total, indicele de masa corporala, TA, tratamentul (inclusiv IECA).

Pacientii au fost stratificati in functie de
- proteinurie : < 1g/24h, 1-3 g/24h, > 3 g/24h
- stadiul nefropatiei cronice : stadiul 2 K/DOQI : Cl creatininic 90-60 ml/min,
stadiul 3 K/DOQI : CI creatininic 60-30 ml/min, stadiul 4 K/DOQI : CI creatininic
30-15 ml/min, stadiul 5 K/DOQI in predializa : Cl creatininic <15 ml/min

- valoarea hemoglobinei: Hb <10 g/dl, Hb 10-11 g/dl, Hb 11-12 g/dl, Hb > 12 g/dl
Datele au fost prelucrate statistic cu programul SIGMA STAT utilizand testul t si regresia
liniard. Rezultatele sunt redate ca media+SD
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3.3.3. Rezultate

Media + SD
Proteinurie (g/24h) 3.1+0.5
Hemoglobina 11.3+1.9
Albumina serica (g/dl) 3.17+ 0.4
Colesterol total (mg/dl) 225.4+2.8
Acid uric (mg/dl) 5.7+1.6
Creatinina serica 1 (mg/dl) 2.6+2.3
Creatinina serica 2 (mg/dl) 34+2.8
Cl creatininic 1 (ml/min) 44.9 + 25.8
Cl creatininic 2 (ml/min) 30.4+£22.5
Rata de progresie (DCl/luna) - 09+03

Tabel 5 : Parametrii biologici ai pacientilor inclusi in studiu

Corelatia hemoglobinei cu rata de progresie

DCl/luna (ml/min)

6 E; 1'0 1'2 1'4 16
Hb (g/dl)
Figura 13: Corelatia hemoglobinei cu rata de progresie a BCR (R0.430, p<0.001)

Rata de progresie la grupul cu Hb <10 g/dl vs Hb 10-11 g/dl a fost de -1.15 ml/min/luna
vs -0.8 ml/min/luna (p 0.8, NS), la grupul cu Hb<10 g/dl vs. Hb 11-12 g/dl a fost de -1.15
ml/min/luna vs 0.58 ml/min/luna (p 0.6, NS), iar la grupul cu Hb <10 vs Hb>12 g/dl a
fost de -1.15 vs -0.4 ml/min/luna (p<0.001, SS).
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3.3.4. Discutii

Rezultatele studiului de fatd arata existenta unei corelatii statistic semnificative
intre hemoglobina initiala si rata de progresie a bolii cronice de rinichi la pacientii cu
diferite cauze de nefropatie cronica in diferite stadii K/DOQI. Studii preliminare au aratat
ca anemia este un factor independent de progresie a insuficientei renale cronice, luand
insd 1n studiu doar pacienti cu nefropatie dibetica (34-36).

Studiul de fata arata ca o scadere mica a hemoglobinei determina cresterea ratei
de progresie a bolii cronice de rinichi. Rata de progresie a fost semnificativ mai mica la
grupul cu hemoglobind>12 g/ dl comparativ cu loturile cu hemoglobina 11-12g/dl, 10-11
g/dl 51 <10 g/dl . De asemenea s-a constatat ca progresia nu a fost diferitd semnificativ la
pacientii cu hemoglobina <10 g/dl fatd de cei cu hemoglobina 10-11 g/dl sau 11-12 g/dl,
rezultand astfel cd este importantd o mentinere a hemoglobinei la cca 12 g/dl. Studii
precedente au aratat ca rata progresiei creste chiar de la o hemoglobind mai mica de 13,8
g/dl si riscul de progresie se dubleaza daci hemoglobina scade sub 11,8 g/dl (34). In
concluzie se confirma faptul ca hemoglobina este un factor de progresie independent al
bolii cronice de rinichi si o scadere a hemoglobinei sub 12 g/dl se asociaza cu cresterea
ratei de progresie inca din stadiile precoce ale insuficientei renale.

3.4. Concluzii generale

1. Valori crescute ale CRP se coreleaza cu severitatea anemiei, raspuns
nesatisfacator la rHuEPO, doze mari de rHUuEPO si CRPar putea fi considerat factor
predictiv pentru raspunsul la rHuEPO.

2. 1IL17 si hepcidina se coreleaza cu anemia, deficitul functional de fier, raspunsul
nesatisfacator la rHuEPO si doze crescute de rtHUEPO, ceea ce aduce elemente noi in
patogeneza anemiei §i a raspunsului nesatisfacator la rHuEPO la pacientii hemodializati
cronic, rolul IL17 in anemia renala si in metabolismul fierului nefiind publicat pana in
prezent in literatura care ne-a fost accesibila.

3. Tratamentul adjuvant cu atorvastatin in doze de 10 mg/zi reduce nivelul
hepcidinei, amelioreaza metabolismul fierului, imbunatateste raspunsul la rHuEPO,
amelioreaza anemia si reduce necesarul de rHuEPO la pacientii hemodializati cronic,
element de noutate in tratmentul anemiei la pacientii hemodializati cronic, din
cunogtintele noastre efectele atorvastatin nefiind studiate pdna in prezent in raport cu
anemia si raspunsul la rHuEPO la pacientii hemodializati cronic.

4. Expresia TLR4>5% se coreleaza cu anemia, raspunsul nesatisfacator la
rHuEPO si doze crescute de rHUEPO prin mecanisme probabil independente de
metabolismul fierului, rezultate care contribuie la originalitatea studiului deoarece rolul
activarii TLR4 in anemia §i raspunsul la rHuEPO la pacientii hemodializati cronic nu a
fost descris in literatura care ne-a fost disponibila.

5. Anemia si raspunsul la rHuEPO se coreleaza cu markerii de malnutritie
proteica si cu acidoza metabolica severa, elemente noi in patogeneza anemiei si a
raspunsului la rHuEPO la pacientii hemodializati cronic, nefiind urmarita pana in
prezent, din cunostintele noastre, relatia anemiei cu acidoza metabolica.

6. Pacientii cu valori scazute ale SOD eritrocitare sunt mai anemici, necesita doze
mai mari de rHuEPO si raspund nesatisfacitor la rHuEPO comparativ cu cei cu valori
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normale ale SOD, prin mecanisme independente de hemoliza, rezultat important avind in
vedere faptul ca in literatura s-a publicat in principal relatia dintre radicalii liberi de
oxigen §i hemoliza.

7. Tratamentul adjuvant cu vitamina E per os in doze mici imbunatateste
raspunsul la rtHUEPO, amelioreaza anemia si reduce necesarul de rHuEPO la pacientii
hemodializati cronic cu valori scazute ale SOD eritrocitare; din cunostintele noastre este
primul studiu in vivo care arata faptul ca vitamina E suplineste efectele valorilor scazute
ale SOD eritrocitare la pacientii hemodializati cronic (efect demonstrat doar
experimental pand in prezent).

8 . Anemia se confirma a fi factor independent de progresie a bolii cronice de
rinichi inca din stadiul 2 K/DOQI.

9. Scaderea hemoglobinei sub 12 g/dl creste riscul de progresie a bolii renale
cronice in toate stadiile K/DOQI si indiferent de valoarea proteinuriei.
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1. Introduction

Anemia is an important cause of morbidity and mortality in patients with chronic
renal failure and particulary in chronic hemodialysis patients.

Treatment with erythropoiesis stimulatory agents significantly improoved anemia
and quality of life in chronic renal failure patients. However, up to 12% of hemodialysis
patients have a poor response to erythropoietin (rHuEPO) requiring high doses of
rHuEPO and leading to increased costs of treatment wich is already high in these
patients (1); the role of inflammation and oxidative stress in anemia of chronic
hemodialysis patients has been studied during the last years and that reflects the
continuously efforts made in order to improove the treatment and life quality of chronic
hemodialysis patients.The role of some proinflammatory cytokine and acute phase
proteins has been demonstrated(1). Only few studies was found in the literature regarding
the role of hepcidin in anemia of chronic hemodialysis patients (2-4), and there is no data
about the existance of any therapeutical agents which may reduce liver synthesis of
hepcidin. Some recent experimental studies (2006-2007) have shown the role of
Interleukin 17 (IL17) in inhibition of medular erythropoiesis (5-7), as well as the role of
increased expression of TLR4 in apoptosis of medular erythroid progenitors in rats with
Fanconi anemia (8), but no studies about their role either in renal anemia or in
erythropoietin responsiveness in chronic hemodialysis patiens were found. The results
published in the literature about oxidative stress and renal anemia are controversal and
there are more studies reffering to free radicals induced hemolysis than to other
mechanisms.(9-12). The effect of co-treatment with vitamin E-coated hemodialysis
membranes on oxidative stress was studied, but less attention has been accorded to oraly
vitamin E co-administration for improoving rHuEPO responsiveness in chronic
hemodialysis patients with low antioxidant capacity (13). This paper aims to bring a
better understanding in anemia etyopathogenesis and erythropoietin hyporesponsiveness
as well as an improovement in rHUEPO responsiveness.

Aims of the study:

a) to evaluate de relantionship of IL17, hepcidin, TLR4 with anemia and rHuEPO
responsiveness in chronic hemodialysis patients

b) to evaluate the relantionship of increased oxidative stress and decreased
antioxidant capacity with anemia and rHuEPO responsiveness in chronic hemodialysis
patients without hemolisys

¢) to evaluate the effect of atorvastatin co-administration on hepcidin levels and
rHuEPO responsiveness,

d) to study the effect co-treatment with oraly low doses of vitamin E on rHuEPO
responsiveness in chronic hemodialysis patients with low levels of erythrocyte superoxid
dismutase and no hemolysis.

2.Key words: anemia, hemodialysis, rHUEPO hyporesponsiveness, interleukin 17,
hepcidin, TLR4, erythrocyte superoxiddismutase, atorvastatin, vitamin E
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3. Personal assesments
3.1Correlations of inflammation markers with anemia and rHuEPO

responsiveness in chronic hemodialysis patients
3.1.1. Aims
- To evaluate the correlation of C-Reactive Protein (CRP), IL17, hepcidin, TLR4
with anemia and erythropoietin responsiveness in chronic hemodialysis patients
- To evaluate the effect of co-treatment with atorvastatin on anemia and
erythriopoietin responsiveness in chronic hemodialysis patients.
3.1.2.Material and methods
69 hemodialysis patients from Nefromed Dialysis Center Cluj Napoca were included.
Patients with bleedings, hemolysis, absolute iron deficiency , neoplasia, folic acid and/or
vitamin B12 deficiency, severe hyperparathyroidism (PTH>400 pg/dl), Kt/V<1.2,
cirrhosis, congestive heart failure, treatment with statins during the last three months
were excluded. 14 healthy volunteers were recruited.

Hemoglobin, hematocrit, serum iron, serum feritine and transferin were measured.
Transferin saturation was calculated. Functional iron deficiency was defined as serum
feritine >100 ng/dl with transferin saturation<20%. Administered rHuEPO doses were
noted and rHUEPO responsiveness index was calculated (Ul rHuEPO/week/hematocrit).
rHuEPO index>200 was considered as hyporesponsiveness. CRP, IL17, hepcidin were
measured using ELISA kits and TLR4 expression in periferical monocytes was
determined using flowcytometrie. Correlations between CRP, IL17, TLR4, hepcidin and
hemoglobin, serum feritine, transferine saturation, rHuEPO dose and rHuEPO
responsiveness index were evaluated. Patients were divided in three groups regarding to
their hemoglobin, rHUEPO index and hepcidin levels: group A- rHuEPO index<200 ;
group B — rHUEPO index>200, hepcidin>200 pg/dl, treated with atorvastatin 10 mg/day
for 6 weeks+ beta rHUEPO s.c. ; group C-rHUEPO index>200, hepcidin>200 pg/dl,
treated with beta rHuEPO only.

Statistical analysis was performed with Sigma Stat program, using t-test, liniar
regrgession, ANOVA and Kruskal Wallis tests. Data is presented as meant+SD

3.1.3. Results and discussions

Mean age was 59 £ 11 years, mean time on dialysis was 4.8 = 1.1 years, KT/V was 1.35
+ 0.1. Hemoglobin was 10.6 £ 1.7 g/dl and transferine saturation was 27.1 + 9.4%.
Immunological markers are listed in table 1.

Media + SD
CRP (mg/1) 72+3.4
IL 17 (pg/ml) 53.3+£23.1
Hepcidina (pg/ml) 336.6 + 123.7
Doza de rHuEPO (U/kgc/saptdmanad) 104 +15.2
Indicele de raspuns la rHUEPO (U/saptamana /Ht) 249 £ 15.9

Table 1: Immunological markers, administered rHuEPO dose and rHuEPO
responsiveness index in chronic hemodialysis patients
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CRP inversely correlated with hemoglobin (R0.26, p=0.03) and positively with rHuEPO
index (R0.303, p<0.001) and our results are correlated with those of Kalantar Zadeh et
al.(14). Some authors related the role of other proinflammatory cytokines such as IL6,
IL12 and TNF alpha in anemia of chronic kidney disease (15,16).

We also found a negative correlation of IL17 with hemoglobin (R 0.503, p<0.001)
and with transferin saturation (R0.306, p=0.01)and our results are more important as
there are no studies in the literature about the implications of IL17 either in iron
metabolism nor in rHUEPO responsiveness of chronic hemodialysis patients. Hepcidin
was also significantly correlated with transferin saturation (R 0.455, p=0.002) and with
rHuEPO responsiveness index (R 0.674, p<0.001) and our results are similary with those
of some studies (14) while in contrast with the others (17). Moreover, after co-treatment
with atorvastatin patients significantly improved their rHuEPo responsiveness (fig.1)
while hepcidin levels decreased.

450
400 - \
350
= —il
300 N
250 1 \ e
== grup B
200 arup
\ grup C
150 —

100
50

rHUEPO index 1 (Ul/sapt/Ht) rHUEPO index 2 (Ul/sapt/Ht)

Fig.1. rHuEPO responsiveness index (Ul/week/hematocrit) before and after co-
treatment with atorvastatin

Patients with higher expression of TLR4 in periferical monocytes had lower hemoglobin
(p<0.001)and pooerer response to rHuUEPO (p<0.001) as compared with those with low
expression of TLR4. Some recent experimental studies demonstrated that activation of
TLR4 on the surface of medullar erythroid progenitors induces cellular apoptosis by
activation of proinflammatory cytokines secretion, such as IL17, IL23, TNF alpha
(8,18,19). Studies about relationship between TLR4 and anemia on chronic hemodialysis
patients are missing.

.3.2. Correlations of oxidative stress markers with anemia and
erythropoietin responsiveness in chronic hemodialysis patients
3.2.1. Aims:

-To analyse the relationship between oxidative stress markers and anemia and
erythropoietin responsiveness in chronic hemodialysis patients.

- To evaluate the effect of co-treatment with oraly, low doses of vitamin E on
erythropoietin responsiveness in chronic hemodialysis patients

3.2.2. Material and methods
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65 chronic hemodialysis patients from Nefromed Dialysis Center Cluj Napoca
were included. Patients with bleedings, hemolysis, absolute iron deficiency , neoplasia,
folic acid and/or vitamin B12 deficiency, severe hyperparathyroidism (PTH>400 pg/dl),
Kt/V<1.2, cirrhosis, congestive heart failure, treatment with statins during the last three
months were excluded. 22 healthy volunteers were recruited

Malonildialdehide (MDA) and carbonil proteins were measured as oxidative stress
markers and erythrocyte superoxid dismutase (SOD) was measured as antioxidant
system. Values of SOD >150 U/ml were considered as normal. Hemoglobin, hematocrit,
serum feritine and transferine were determined , rHUEPO doses were noted and rHuEPO
responsiveness index was calculated. Patients were devided in three groups: group A with
SOD<150Ul/ml treated with vitamin E oraly 400 mg/day 8 weeks; group B with
SOD<150 Ul/ml not treated with vitamin E and group C with normal SOD.

Statistical analysis was performed with Sigma Stat program, using t-test, liniar
regrgession, ANOVA and Kruskal Wallis tests. Data is presented as meant+SD

3.2.3. Results and discussions
Tabel 2.Biological characteristics, rHuEPO dose and rHuEPO responsiveness index
in the three groups

Caracteristici Group A Group B Group C
Hb (g/dl) 8.6£0.6 94+0.3 11.4+04
Hematocrit (%) 26.1£54 28.6+7.3 33.8+6.2
Feritine (ng/ml) 327.6 +23.8 385.6+45.5 |311.7+36.7
rHuEPO U/kg/week 102.5 + 14.9 952+ 13.8 50.6 +11.8
rHuEPO responsiveness index 271.7+17.3 2253+19.4 147.6 £ 12.6
(UIrHUEPO/week /hematocrit)
Parathormon (pg/ml) 299.4 £22.8 255.7+£31.6 |274.8+26.2
Serum calcium (mEgq/l) 4.8+0.4 45+0.2 4.6+0.3
Phosphates (mg/dl) 59+0.9 6.1 £0.5 5.8+0.7
Tabel 3. Oxidative stress markers in patients with Hb<10 g/dl vs Hb>10 g/dl
Oxidative stress markers Hb<10 g/dl Hb>10 g/dl p
MDA (nmol/ml) 2.1+£0.2 1.9+0.1 0.45, NS
Carbonil proteins (mg/g of 1.01+£0.8 1.00+0.8 0.94, NS
proteins)
Erythrocytes SOD (U/ml) 135.1£5.7 168.1+£6.3 <0.001
Ceruloplasmin ((mg/dl) 25.3+2.1 23.7£1.5 0.6, NS

In this study we found a positive correlation of SOD with hemoglobin and a
negative correlation with rHuEPO responsiveness index (p=0.012). Some previous
studies found a correlation between SOD and hemoglobin while others did not (23-
25).MDA and carbonil proteins did not correlate with anemia and rHuEPO
responsiveness index in our studies. Previous studies related increased MDA and carbonil
proteins in patients wit anemia and hemolysis due to increased oxidative stress, but we
excluded patients with hemolysis (26-29), so that our results underlines the importance of
antioxidant system in patients without hemolysis.
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Fig. 2 : rHuEPO responsiveness index in patients from group A as compared with
group B and C, before and after co-treatment with vitamin E

Patients treated with vitamin E significantly increased their hemoglobin,
decreased their required rHuEPO dose and improved their rHuEPO responsiveness as
compared with those not treated as well as with the initial values. Experimental studies
demonstrated that vitamin E completes the activity of Sod acting as a scavenger of
superoxide (30-33). Our results are important because they demonstrate in vivo the effect
of vitamin E supplementation in patients with low values of SOD.

3.3. The role of anemia in progression of chronic kidney disease

3.3.1. Aims:
-To evaluate the correlation of anemia with progression of chronic kidney disease in
patients with and without diabetic nephropaty
- To establish the optimal hemoglobin to mantain in order to delay the progression of
chronic kidney disease
3.3.2 Material and methods

This study is retrospective. 87 patients admitted in Nephrology Clinic Mihai Manasia
Cluj Napoca in 2000-2006 with predialysis chronic kidney disease K/DOQI 2-5 were
included. Creatinine clearance was calculated using Cockroft-Gault formula and rate of
progression was calculated as (Creatinine clearance 2- Creatinine clearancel)/no months
of follow-up. Patients were divided regarding to proteinuria, K/DOQI stage and
hemoglobin. Statistical analysis was performed with Sigma Stat program, using t-test,
linear regregession, ANOVA and Kruskal Wallis tests. Data is presented as meantSD
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3.3.3. Results and discussions:
Table 4: Biological characteristics of the patients

Media + SD
Proteinurie (g/24h) 3.1+0.5
Hemoglobina 11.3+1.9
Albumina serica (g/dl) 3.17+ 0.4
Colesterol total (mg/dl) 225.4+2.8
Acid uric (mg/dl) 5.7+1.6
Creatinina serica 1 (mg/dl) 2.6+2.3
Creatinina serica 2 (mg/dl) 34+2.8
Cl creatininic 1 (ml/min) 44.9 + 25.8
Cl creatininic 2 (ml/min) 30.4+£22.5
Rata de progresie (DCl/luna) - 09+03

Corelatia hemoglobinei cu rata de progresie

DCl/luna (ml/min)

6 é 1'0 1'2 1'4 16
Hb (g/dl)
Fig.3: Correlation of hemoglobin with the rate of progression of chronic kidney

disease (R0.430, p<0.001)

We found a significant correlation of hemoglobin with progression of chronic
kidney disease in all predialytic stages of chronic kidney disease, no meter of type of
nephropathy, while other studies were performed only on diabetic nephropathy (34-36).
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The rate of progression in patients with Hb <10 g/dl vs Hb 10-11 g/dl was ( -)1.15
ml/min/month vs (-)0.8 ml/min/month (p 0.8, NS), in patients with Hb<10 g/dl vs. Hb
11-12 g/dl was ( -)1.15 ml/min/month vs 0.58 ml/min/month (p 0.6, NS), while in
patients with Hb <10 vs Hb>12 g/dl was ( -)1.15 vs (- ) 0.4 ml/min/month (p<0.001,
SS).Consequently the study showed that even a small decreased in hemoglobin below 12
g/dl may increase the risk of progression of chronic kidney disease. Previous studies
showed that risk of progression increases if hemoglobin is lower than 13.8 g/dl and I
double if hemoglobin decreases below 11.8 g/dl (34).

3.4. Conclusions

1. Increased CRP correlates with anemia, rHuEPO hyporesponsiveness, increased
rHuEPO doses and CRP might be considered as predicitv factor for tHuEPO
responsiveness.

2. IL17 and hepcidin correlate with anemia, functional iron deficiency, rHuEPO
hyporesponsiveness and high doses of administered rHuEPO and as our knowledge the
role of IL17 in renal anemia and iron metabolism was not yet published in the

3. Atorvastatin decreased serum hepcidin, ameliorates iron metabolism and
hemoglobin, improoves rHUEPO responsiveness index in chronic hemodialysis patients.
We found no data in the literature about the efect of atorvastatin on anemia and rtHuUEPO
responsiveness in chronic hemodialysis

4. Expression of TLR4>5% correlates with anemia, rHuEPO hyporesponsiveness
and increased rHUEPO doses and mechanisms are probably not depended of iron
metabolism

5.Pacients with low levels of SOD are moore anemic, require higher rHuEPO
doses and have poor response to rHUEPO as compare to those with normal values of
SOD, by mechanisms independed of hemolysis .

6. Low doses of oraly vitamin E improoves rHuEPO responsiveness and
ameiorates anemia in patients with low levels of SOD

7 . Anemia is an independed factor for progression of chronic kidney disease in
both diabetics and nondiabetics patients and a small decrease of hemoglobin bellow 12
g/dl increases the risk of progression.
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