REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.21 JUL.2014 <4173 -

doi: 10.13241/j.cnki.pmb.2014.21.046
WAL IRAEIE R R B ALRBREORI B2k i *

X Ja % #H OTEH KEZ XXES
(AR R AL 50 AT B W R AR R 22 B2 2 463 100050)

BT R FrFF L - RAKRARGFG =W, E BB ELRRTREN B G, FE5 RFREFZTRBELRERELAALE
ME, A BETEEALLS, BRRKY>FELN HRARGELSEE. CNEASHEYFHER, FA— R KFRIFLRE, 4o
Sl E R R DT R ENF ., FRAIN . R 5 BRAMW  SEF R B AR ERWAFH AT MEA LS
HEGFR, N REREBENENASBN, LEE B EG LS FE.

KA LA E R GBS REREE T FREAR

FE4 25 :R692.5;R459.5 THftRIAAG: A XEHS:1673-6273(2014)21-4173-03

Progress of the Protein-bound Uremic Toxins and Removal Techniques*
LIU Xu, LIU Jing, DING Jia-xiang, ZHANG Dong-liang, LIU Wen-hu-
(Department of Nephrology, Division of Nephrology, Beijing Friendship Hospital, Captial Medical University, Beijing, 100050, China)
ABSTRACT: Uremic toxins are a large group of metabolites, which have significantly higher levels in body fluids of renal failure
patients, and are related with toxins metabolic disorders and clinical manifestations closely. Some of them can combine with protein, to
form macromolecular complexes, which are called protein-bound uremic toxins. They have a variety of biological effects, to produce a
series of uremic complications, such as cardiovascular disease, immune dysfunction, and organ fibrosis. Researchers found that plasma

separation adsorption, high-flux hemodialysis, and taking intestinal adsorbents can increase the clearance of protein-bound uremic toxins.

While evaluating dialysis adequacy in uremic patients, protein-bound uremic toxins should also be taken into account.

Key words: End stage renal disease; Protein-bound uremic toxins; Removal techniques
Chinese Library Classification(CLC): R692.5; R459.5 Document code: A

Article ID:1673-6273(2014)21-4173-03

Al &

Wi P S A3 1 D RE AN Ak, 3 A A
G, — Y R R FEERAAEER SRS RE LN
45 3, 3k Bed) TRk A DR #5035 2 (uremic toxins ) , AR EE T
PG B, T IR PR AEIE 25 R X0 43 = RS, (1) K PED
BTG, TR — B 500D, 7 FH % B i ] 78
SIERR; ()T, 4 F KT 500D, FRELFLAE LKW
TR, 2R FH 25 308 g A sl Y 0t 1 s s AL (3D R B
/BRI AT S FREZ/NT 500D, Hi T2 5 &A%
AT ELATEBR o

TEREE AL SR, O TR 05 5 X7 H
BIZE Y, B X Y 1 (p-CS) TR B % B R (p-CG) Y 5%
HENZ RS0k EEX LAY R RIS R S — A .

| ERSAERENEWEER

X P P 2 — P R4 1 A 0 A 5 , TP X HEY 5y T
PAZ S VAR 1 7 2 fe st SO A A AR P TR R RITFE R
A P X F it T b LAY PR B Bl B, T 7 — AR B AR

PO QALY B R - A IR R R R B E R
290 1 1] [ 200 L 2 £ S BOR R AR, LUK /N T R 2 L Py
Klotho J& A HHEAL I 1K AZ BRI, I S ) —IUF5E A B T B IR
X FH 5 S T 2 Y SR , FH LVTAl DY B 0 R A Y 3 4
B,

SRR PR BRAE B VAR DAL T X Y T £ ok A R
Xt R B v (LIS 3 B 45 A 3/, A P AL A B9 i
PR BEL-P AP, USRI RO Y IR AR I3 LX) 1 1 4R 2
TEIEPERY , HE A S R SRR T B U5 T A AR AR AR,
PR IRBEAERE 2R Z 8] A BEHA PRI IR, i i 49y it 4 3 )
PRI R IR 5 RS P B2 20 MY 1 B 1 O o T BRI 0T Y I
VEHIIFA G R A B G A LT,

AT ARIEE /R BRI S R 15 R0 A 2PN RLTIUS A
B P D BEHEFE™, TEEAR Bk oK A B8 A O M | it A5 £ 1
A O A A RAE T AR

VPSRRI ) A 2 00 A5 0 U5 AR G, A
LR IEIEGE Y - L(PAT- DS K [ ph 7 A=, 1 H 20 AR
HOPRIZ IR R TR 5 DR LA B A6, A R AN B fok e ™,
PR B 200 0 BB 5 T 41, % 5 R o R O R AR, S L

* AT [ R SR H (2011BA110B02) ; JLat i RHE R 5 H (2121107001012138)
VEZ R XN (1983-), 55, BE2fBi-1-, BRI, F 505 1) - B MRS 9120 5 B I AR YT, E-mail: liuxu_000@sina.com
AETPER XSO, 55, DR, AR, 20, WL AR S0, 5 05l « B RSO 91295 5 B IE R AT, E-mail:liuwh2002@yahoo.cn

(Wickie H4:2013-10-18 43237 H:2013-11-16)



4174 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.21 JUL.2014

HEER VRO JUE B £ AL

S Tto A L RSN SLIGBITFE 1 A MO DAY B 240 L f9 A LA
FH 7R A B 0 A 2 s TR B ONF-kB ) 300 5 11 200 A B
AR, Adijiang S5 i S SIPIR MBS, SR T B kI
X LA S5 FA A4 « AT 166 A ER SRR I T Dahl KRR, 45T
PREERE KV OB R W | W1 5 , AT 75 S L4 B A 5 4, i 7 X
LIRS 25 Dahl K BURNEF A= UK e, ARSI 19261
AR FE— TR BT 2 S BB RIS W 13 5 | 2 1 240
J e A SR TR AR BE S5 IR 22 AR 25

Fofty— Ll PRAFFEEE RAR s, B ARSI MR FH OG5 T 81
IR BURE G, AL AR A P 1A 28 -6 (IL-6 )3 B2, Stk 3 ok ok i i
AR IR, AR, D REE ML K 22 P e T,

2 ERSAERNHERER

T8 35 9 7 T SR W B N E AT S A FLAR B AR S R
SETER MTE IR, A543 B R i 0 5 e b T R
ARG G B TE RPN, R F /K T2, SR 7 00 o 1 32 1Y)
B AT R A5 R R AR 25 ANV 2 o

I3 53 5 RN B A 2 FH 3R 97 TRE JFF 08 174 1t 98 v 1
Dy AT 27 T8 TR I B (1 45 6 B 28 10 o v gk v
BT A SR SEA7AE Bk i X DA s 1l S A ok 1 468 D PR
MELIET SNIG PR, S AL, i oE il S AT 1HE L TR
MW AR e B REOSSHEENA S5

Evenepoel S5IF 5« 155 38 ft I B M AR BB A AR L , LA
WFHEE A4 AT R IHRAR, X 0T URREAE BB T 3 4 A5k
B DIRERAE RN, BRIN, 25 FR AR PN IR 3 K- B0
L X 4 B R BRI TCSE I8, A 2R A T X R RE S I A
V& IENE AL G ERN A SR 256 20, Kb
BEASR ARSI TR,

FEAL AR MILATAR R B2k A T i sk st
TFRIEFRA 4P, 8 % S5 VIR A 5 B R N 2 1 2%
BRI, i — B IE S T Il oA IR R AW
AP, PRI, 3 3 S O i R M SR R R Y AR
B, AT RgSe — PRI 45 B R R KT BT AE A, SR,
JEE 77t B ) 2 £ 48 A FTRE 2300 0 2 2B B R AN B AU S A
FTR 7 02 A B PP D Ry sl (IR SR W = 1 Ay Ik
TG, WU R R AR T, LA S T R R e SR v
(AST-120,Kremezin )% Kikuchi 450 T AH €35 / 3 535 5T
i ( LC/ESI-MS/MS )Rl 45T AST-120 J5 1 FREFAE K FLIY M
T, R 5 R Z A0 B X IR LE , S SRR sl el L E R
TR RN TR A R R AT 11 R 0T it e B2 A JIT R,

— B 5Y R T AST-120 HoA A Shg vt 7R,
AT AR $EAGE AT 10 B ]9 500 B/ INER I 3o S5 1 oA e
T3 — IR BT 2 B B R PR A B PR 1 R L
FH AST-120 3457 4L A L3 WURF/K S L ikdete e, #)n , T
HIRE A AST-120, RIffi 28 3% 2 5 FF4R 1L TB A , 475 ] ok A
TR LEFE SR,

3 IMMEM RN EEERSAER
I B S, A 2R 1105 4 T A Y A B PRI 4 3

22 o B IUEHEE , SR T FATT AT IR TAN 1 e o D BE B R IS
i, AR/ NERE I AR (GFR)X T8 F 25 5 7 R HEIERE F1 1 DLy
PSR SR BRIERS . Toie 2 Al 33 1 /N BRI i R (eGFR) iU
SR e R, ERICIE RN B EXS T TR R M A
55T R RUEL TEBRAE ST, EATR MR E S LR R & A B R AR
LU/ INVIE D RERR A OGP, BaliE i R R ok
FW B H EAGENTEIRS AL, T2 255 PR B8 A JRBEAEAE
AR

A H AT ZE T 80 P R T35 1k 04 F2 ZAO I B 1
FIRR R T K (LR RFAEATRENA L5 /Ny
FRRA K I, HBA AR BIAENTRHCR , 325 REEAE R 1Y
A IR, AN AU Tk

4 INEGE

HATEA F IS R I, 3 A 245 S R ARV 20 S
PREFAE B BTS2 VIR G S B AT R HAETE BRIFE 14
HIRSIETFR . WE 2R IR N 1%, U
T RS T 800 SR A T DA S IS A (T BR AR o LA
AU N IR R BRAYT kT RS2 — s 1), FHTA
SN BRI 2232 VR TR I ) 850 5 A 0T 8 S 7 g WA VR T g A 2%
B R ORAE By o AR, 1 AR WL 0 2 S R A (1 R
B LIS

& 2% 37 #k( References)
[1] Dobre M, Meyer TW, Hostetter TH. Searching for Uremic Toxins[J].

Clin J Am Soc Nephrol, 2013, 8(2): 322-327
[2] Schepers E, Meert N, Glorieux G, et al. P-cresylsulphate, the main in

vivo metabolite of p-cresol, activates leucocyte free radical produc-

tion[J]. Nephrol Dial Transpl, 2007, 22(2): 592-596
[3] Meert N, Schepers E, Glorieux G, et al. Novel method for simultane-

ous determination of p-cresylsulphate and p-cresylglucuronide: clini-

cal data and pathophysiological implications [J]. Nephrol Dial

Transpl, 2012, 27(6): 2388-2396
[4] Meijers BK, Van KS, Verbeke K, et al. The uremic retention solute

p-cresyl sulfate and markers of endothelial damage [J]. Am J Kidney

Dis, 2009, 54(5): 891-901
[5] Sun CY, Chang SC, Wu MS. Uremic toxins induce kidney fibrosis by

activating intrarenal renin-angiotensinaldosterone system associated

epithelial-to-mesenchymal transition[J]. PLoS One, 2012, 7(3): €34026
[6] Sun CY, Chang SC, Wu MS. Suppression of Klotho expression by
protein-bound uremic toxins is associated with increased DNA
methyltransferase expression and DNA hypermethylation [J]. Kidney

Int, 2012, 81(7): 640-650
[71 Pletinck A, Glorieux G, Schepers E, et al. In vivo effects of the pro-

tein-bound uremic toxins p-cresylsulfate, p-cresylglucuronide and in-

doxylsulfate on the cross-talk between leukocytes and the vessel wall

[J]. Nephrol Dial Transplant, 2012, 27(suppl 2): 16
[8] Wu IW, Hsu KH, Lee CC, et al. p-Cresyl sulphate and indoxyl sul-

phate predict progression of chronic kidney disease [J]. Nephrol Dial

Transpl, 2011, 26(3): 938-947
[91 Wang CP, Lu LF, Yu TH, et al. Serum levels of total p-cresylsulphate

are associated with angiographic coronary atherosclerosis severity in



REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.21 JUL.2014

- 4175 -

stable angina patients with early stage of renal failure [J]. Atheroscle-
rosis, 2010, 211(2): 579-583

[10] Liabeuf S, Barreto DV, Barreto FC, et al. Free p-cresylsulphate is a
predictor of mortality in patients at different stages of chronic kidney
disease[J]. Nephrol Dial Transpl, 2010, 25(4): 1183-1191

[11] WuIW, Hsu KH, Hsu HJ, et al. Serum free p-cresyl sulfate levels pre-
dict cardiovascular and all-cause mortality in elderly hemodialysis pa-
tients-a prospective cohort study [J]. Nephrol Dial Transpl, 2012, 27
(3): 1169-1175

[12] Motojima M, Hosokawa A, Yamato H, et al. Uremic toxins of organ-
ic anions up-regulate PAI-1 expression by induction of NF-kappaB
and free radical in proximal tubular cells [J]. Kidney Int, 2003, 63(5):
1671-1680

[13] Nii-Kono T, Iwasaki Y, Uchida M, et al. Indoxyl sulfate induces
skeletal resistance to parathyroid hormone in cultured osteoblastic
cells[J]. Kidney Int, 2007, 71(8): 738-743

[14] Faure V, Dou L, Sabatier F, et al. Elevation of circulating endothelial
microparticles in patients with chronic renal failure [J]. J Thromb
Haemost, 2006, 4(3): 566-573

[15] Peng YS, Lin YT, Chen Y, et al. Effects of indoxyl sulfate on
adherens junctions of endothelial cells and the underlying signaling
mechanism[J]. J Cell Biochem, 2012, 13(3): 1034-1043

[16] Shimizu H, Bolati D, Adijiang A, et al. NF-«B plays an important
role in indoxyl sulfate-induced cellular senescence, fibrotic gene
expression, and inhibition of proliferation in proximal tubular cells[J].
Am ] Physiol Cell Physiol, 2011, 301(5): C1201-1212

[17] Lekawanvijit S, Adrahtas A, Kelly DJ, et al. Does indoxyl sulfate, a
uraemic toxin, have direct effects on cardiac fibroblasts and
myocytes?[J]. Eur Heart J, 2010, 31(14): 1771-1779

[18] Tto S, Osaka M, Higuchi Y, et al. Indoxyl sulfate induces
leukocyte-endothelial interactions through up-regulation of E-selectin
[J]. J Biol Chem, 2010, 285(50): 38869-38875

[19] Adijiang A, Goto S, Uramoto S, et al. Indoxyl sulphate promotes
aortic calcification with expression of osteoblast-specific proteins in
hypertensive rats[J]. Nephrol Dial Transpl, 2008, 23(6): 1892-1901

[20] Lee CT, Kuo CC, Chen YM, et al. Factors associated with blood
concentrations of indoxyl sulfate and p-cresol in patients undergoing
peritoneal dialysis[J]. Perit Dial Int, 2010, 30(4): 456-463

[21] Chiu CA, Lu LF, Yu TH, et al. Increased levels of total
P-Cresylsulphate and indoxyl sulphate are associated with coronary
artery disease in patients with diabetic nephropathy [J]. Rev Diabet
Stud, 2010, 7(4): 275-284

[22] Barreto FC, Barreto DV, Liabeuf S, et al. Serum indoxyl sulfate is
associated with vascular disease and mortality in chronic kidney
disease patients[J]. Clin J Am Soc Nephrol, 2009, 4(10): 1551-1558

[23] Krieter DH, Hackl A, Rodriguez A, et al. Protein-bound uraemic
toxin removal in haemodialysis and post-dilution haemodiafiltration
[J]. Nephrol Dial Transplant, 2010, 25(1): 212-218

[24] Meert N, Eloot S, Schepers E, et al. Comparison of removal capacity

of two consecutive generations of highflux dialysers during different
treatment modalities[J]. Nephrol Dial Transpl, 2011, 26(8): 2624-2630

[25] Meert N, Waterloos MA, Van Landschoot M, et al. Prospective
evaluation of the change of predialysis protein-bound uremic solute
concentration with postdilution online hemodiafiltration [J]. Artif
Organs, 2010, 34(7): 580-585

[26] Meijers BK, Weber V, Bammens B, et al. Removal of the uremic
retention solute p-cresol using fractionated plasma separation and
adsorption[J]. Artif Organs, 2008, 32(3): 214-219

[27] Pham NM, Recht NS, Hostetter TH, et al. Removal of the
protein-bound solutes indican and p-cresol sulfate by peritoneal
dialysis[J]. Clin J Am Soc Nephrol, 2008, 3(1): 85-90

[28] Vanholder R, Meert N, Van BiesenWet al. Why do patients on
peritoneal dialysis have low blood levels of protein-bound solutes?[J].
Nat Clin Pract Nephrol, 2009, 5(3): 130-131

[29] Schepers E, Glorieux G, Vanholder R. The gut: the forgotten organ in
uremia?[J]. Blood Purif, 2010, 29(2): 130-136

[30] Aronov PA, Luo FJ, Plummer NS, et al. Colonic contribution to
uremic solutes[J]. J Am Soc Nephrol, 2011, 22(9): 1769-1776

[31] Meijers BK, De Preter V, Verbeke K, et al. p-Cresyl sulfate serum
concentrations in haemodialysis patients are reduced by the prebiotic
oligofructose-enriched inulin [J]. Nephrol Dial Transpl, 2010, 25(1):
219-224

[32] Nakabayashi I, Nakamura M, Kawakami K, et al. Effects of synbiotic
treatment on serum level of p-cresol in haemodialysis patients: a
preliminary study[J]. Nephrol Dial Transpl, 2011, 26(3): 1094-1098

[33] KikuchiK, ItohY, Tateoka R, et al. Metabolomic search for uremic
toxins as indicators of the effect of an oral sorbent AST-120 by liquid
chromatography/tandem mass spectrometry [J]. J Chromatogr B Anal
Technol Biomed Life Sci, 2010, 878(29): 2997-3002

[34] Ueda H, Shibahara N, Takagi S, et al. AST-120, an oral adsorbent,
delays the initiation of dialysis in patients with chronic kidney
diseases[J]. Ther Apher Dial, 2007, 11(3): 189-195

[35] Akizawa T, Asano Y, Morita S, et al. Effect of a carbonaceous oral
adsorbent on the progression of CKD: a 123 multicenter, randomized,
controlled trial[J]. Am J Kidney Dis, 2009, 54(3): 459-467

[36] Konishi K, Nakano S, Tsuda S, et al. AST-120 (Kremezin) initiated
in early stage chronic kidney disease stunts the progression of renal
dysfunction in type 2 diabetic subjects [J]. Diabetes Res Clin Pract,
2008, 81(3): 310-315

[37] Ueda H, Shibahara N, Takagi S, et al. AST-120 treatment in
pre-dialysis period affects the prognosis in patients on hemodialysis
[J]. Ren Fail, 2008, 30(9): 856-860

[38] Eloot S, Schepers E, Barreto DV, et al. Estimated glomerular
filtration rate is a poor predictor of concentration for a broad range of
uremic toxins[J]. Clin J Am Soc Nephrol, 2011, 6(6): 1266-1273

[39] Vanholder R, Eloot S, Schepers E, et al. An Obituary for GFR as the
main marker for kidney function?[J]. Semin Dial, 2012, 25(1): 9-14



