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Abstract

Multiple myeloma (MM) is a common malignant tumor in the blood system. Plasma cells in the
bone marrow produce a large number of abnormal monoclonal immunoglobulins, which can
cause damage to multiple organs in the body. As a serious complication of Renal Impairment (RI),
it is one of the most important measures to improve the quality of life and survival rate of MM pa-
tients to search for biomarkers in early diagnosis of Renal Impairment in Multiple Myeloma. This
review summarizes the research progress of biomarkers in early diagnosis related to renal im-
pairment in patients with Multiple Myeloma.
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1. 5|15

% R B8R (Multiple myeloma, MM )2 B 8 7 4 28 570 B4 2 (Bt s, HLREP AR W I B 5g
B BREE 1, SRR E AR, B, B IR B E MG ThEE 5 . MM (5 BT BRI 1%, TEMLK RS
g B A, W AR T0 &, R G ARG, BRI R, I ARER. =
A B A B 5 P R R 2 1 (Monoclonal gammopathy of undetermined significance, MGUS) & —# & £ )
BATT RS EREE R, 7E 50 2L EMAEETR S 3.2%, 1 70 H LA BRI ARES Y 5.3% [1], HLATHEE A
MM. MM FIRFIETE T 58 B TE 1) 2R AR MR OE DR s e fE B 1, TERZAUB LT, X i o m) LA AT
FE LI FHER IR A o B SCRRARE, 5 /NI 3 20 1 o o 8 TR B 1 R s A A B B e A A8 4
i MM 5 I B L1 22% 11 21%. 22 1 iy R U0 1 O UL B SR A 2 BRI (MCN) L 1€
WEEARTE(AMY). BATERE S BREE I UTAUR(MIDD) [2], LU BLE e . HBUR 185 M B A Mk
[3], [ s B 2 R0 1) B o LI R R AT T 25 1), MICINL 76 52 £ /NS i) R B ks A8 f B, JE MR AR 1
BRI R TR, IRR 2 RIVERELEEAE, b F R, 2 83 MIDD BF GRS ThRe A 4 &
MR R AZE, P FE R, « A, SRR NS S, R TR S8R R E . T
Hi#, AMY 41 IEAZE R E LT MCN A1 MIDD 41, {H A A A7 A e 8Eit 2 2 5 [2]. MM M i
A E TG REET MM AHCE IR EE . B ERZFE MM BEE T FEFEKNZ —. )
# IMWG 1 NCCN #5E§[4] [51%F MM & D REHa 3 1 S, Haz WiknitE 4 MALEF > 176.8 umol/L (2 mg/dl),
o 4 AR WLEFIE R 2 (Cer) < 40 mi/min. JH43E 2013 4 KDIGO #il5E ] CKD F5 [41% B # #3470 . 4
2 MM BT 20%~40%477E B ThEEIR FE[6]. M EM RIZHZHIT MM BFHEFVARTUENE, &
EWREY, KZH MM BE RS EISE7], MM B35 B E R AR KT 3 MK, Bkt
51 W R ATk 50%~70%, ikt 3 AN H X BB 10% /5 4 [8]. 1 H B ThRE MR E vl fE & X% MM &
I AEARZ[9] . B A SR TT T R RIS, MM (1 5 4F AR A7 2 Tl 1975 4R 1) 25%7%2 51 22 2003 4F 34%.
¥ MM E3E T % i A 2000 451K 35% 1) AH X 77 1% 42 = 22 2012 421 50%LA -[10]. PHlL, K% MM &
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HRAETIFERNE], FHEEIAEBFE LS = 2R, KT T, ST e K S A R

A I A L
2. MM BiREN RIS HR &Y
2.1 REFHREAREFLC)

o J% BRER R BE (FLC) A B il P W M S8 B 1) 5 5 B T SR A B i 401, FL77 AR 515 B iR B A 3K
UM A R, DA AN o3 i (B i 2 o IR SRR A il — 2% BB A — 265648 4> 51140 10 min. 18 min,
BT R — 2% SE B e Bk AL PO AR B I B =4 . B 4HA. RANME IR R skES
(2 B H = AR 1 8 FLC £ 500 mg. FLC &'B/NERUERS, HT dh/INE b i 41 i 25 RISk 847 43 il AR
e BFFC NS AR H s RR K& FLC (10~30 g/d), FLC i@idim fi /N i R HEM AR b . B SR g
JH I A A S ) — 2 T 28 1) R o o 5 R G e BR R 1 90 T BN e BN S R B 1, | T BRI 4 M 1
YRR R AN M B R 5, G R S B B R O, RIS A R — SR R — SRR O N 4
i 2.5 miny 1 min, [t MM 38 1R I H A7 28 DR B 1) B e [ i B AR E [ 11] o IIIE TP FLC AWK Sk 1
S = A T RN A R AP [12] . B AR AT DR FLC B e A = i, DR e i
FEAMA Y, RE] RS I B P 7 VAR R RIS FLC. 5 25 g A7 e A0 200 P 8 B 3 P S T B, L3
i FL.C P94 52 8 8 200 B 470 Ao 35 384 330 23R PR 388 I 386 m o >4 JRVHR FLC Pk S 7 0w iy B /N 1 R R i e
JIE A R/, RAAR/NMEE R, T /NS ERRE 2 S IR FLC A2 K eI N
[13]. 4 KREM FLC BT 7 ERIRAE JI0, i KA EME . FInkE f BRREE B NS B A B
BEPEEAL7] [14], Bk, FLC S8 MM KAAFIZREMEBESIS, BARBIL T Z2m 2. 24 FLC
REFENB g NE R, 5 Tamm-Horsfall 85 (F A FLAE Y ol iR o 280 BH 28 B /N I rT 51 ke Sk
Fug[15]: B EWN T NE ) FLC ol S 8UNE B AR AEIRTEEL b R - (el AR TR 22 e,
I B /N ThRE 2 2 [16]; FLC ta] LLE I 0% NF-xB A1 MAPK 38 24 5 550 R) 55 48 1 48 i EXL 72 1.6+
TNF- [ BN B /N 8] 5 (1) S RE AN AT GEAL P~ 25 [17] [18]. 4R E N4 CA K& SCHR[19] [20]4R1E
1% FLC 7E MM (2 97 200l J B3 TS o i 3 B BN M, 3 FLC & =AM CAF
N MM 12 W 0 B SR 5N RR AR RI2 T 48 S [4]. FLC JIE7E 1T MM 8 0 e It A o =5 22 1)
. AeRIEERBE, BEIE FLC K5 RI P EREE 2 BEAE VIR R AR
B, 4 I FLC K P& T 800 mo/L A HiBIL™ & RI A XS In[21], Rk FLC /KSF2& T MM &35
e KA E R R IR

2.2. BHPER-C (Cys-C)

BEaER-C (Cys-C)N 122 NEIERR IRy T B MER A5, HEEALL T2 20 S AL tufk, &R
PEF PR BR B A BRI, BT 2 B BRI S A BRSO . [FIIE RE I 40 P9 A ) S R R B
FIA, 7RI AR RS A R R AR R AR o AR AE T B RS R AL A A% 2 A
Wb, IR KB A, HANZARAE . B RN i, MRS, JoH R R [22]
Cys-C 5e 2 B /NERIENL, fEiim B /VE IR A 0, i A Cys-C KT 5 B /NERThBE S DI R,
i T B IR THERIEA T Cys-C HIME—EE, Cys-C HIK-F L2 1 eGFR R7E, Cys-C & — M E A S5
NERDNREARAL I IR PE R EM[23] . AEJURM B REZIR . B4 GFR FEARAIZ WU 5, &3 Cys-C
P MIENLEF[24]. 175 H Cys-C AIE N2 W U B 10075 55 P 5 10 40 5 A BBURRHE AR [25], Cys-C S8k
B D RESE 51 A 2RI DY REATE O St T 2 T HLET B0 /N ERDERL 2, JEL TR 3 O MY Y
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Cys-C /K P58 45 B /NERUEL R A ¢, SZHABA RS20/, — BUS IEH B IVR AL, 7] B3 3 3UIE Cys-C
PR, T LT 32 AR 3R SRR B /INE 2 IUST IR AN S 25 e A2, P e
SO EUR, TS B /N BRIE A RE A S B /NERDE I 2 . A BRILPRIRIE S A i K, MM
B Cys-C HE KA W] B EIHIE 50 %), HMid K78 — g A5 b AT Je bl £ 32 14 Ji e 7 2 [26]
2004 35 [H FDA kit Cys-C fEutill'S ThEEMIHRIR L —. MUFEMINER C 22— M. HEA 105 N EkiE
HEFARCH, MIEHEAIER C ACHAMUR'E DhREHRE IBURSR IR, thn] Be S Wt 15 A (1 15 B [27]
[28]. T HEILIIZER IR, EAFRARES, PIERAPIER C siE NUEFBC A 5% 17 eGFR K
5 2% T PR AT XS AT AT B A AU 2 TRV AR SR P [29] . BRI, I Cys-C it v i fiBJR /5 1)
iR A AT SRR AR T EEIZ W IE. & MM B HE I — g UG xR -

2.3. HpiER A RRRA R ES A X B AR B (NGAL)

HR PR 2 i B PR A DG IR B T (NGAL)FR IR 1 2, Sl il o 2 il N 2840 Mo (B0 4% b 5z 4t A
TR ) A SO FE R o B, ST  NGAL 2 iR mT REVER T bR A 157 Hh i S0 28 v 1 ik,
ARG ) B AN IS A% N T - B R 7 (NF-B) I 22 03 24 J5 05 51 2 1Y) NGAL Ik 3k 1A
S G (MAPK)ERAT . 1% EEIR A% 1) A 1 B R s FHAH G B s A2 Hh b 45 B 224 1 [3] [30]. NGAL
2 B 2R e S AR A SO B R . NGAL J&—Fh 25 kDa FUBE (I, ] 3 5k 5 A s A
TR RGP H . NGAL 32 A4h 19 10 2 20 20 8h. HEHEN, MiEF R T NGAL KT
SV E R I BURTERS, HEERBTE/NEMIZHE, BEENE GFR &A R NN, e
HELTFR31] [32] [33]-

24. IAEELEEZEH(RBP)

M RELE A EA(RBP) VZAFIE T ML JRIE A A A R [34], B FFApa & e, 52 2R3
BEA 70 WA TS Ve 45 5 4 Se SRS BE (ROH), IR ML 1) ROH #eiz BHEH LY, a5 HRIRER
BEEATTR)LL 1:1:1 BITE R =0 A h 86%, XFE AR - AR E &M=Ly 80 kDa, M
7 57 1 B BE M AR XS 43 7 & RBP [R€id &40 iR [35]. i et sk & i —4E, i s i) RBP (A&&
FOR IR 208 300 1) WAR 25 5y dl ok B /NEROE D8, Rl o B /N B B BT USC. RBP /NS E I %y
99.97% [36] [37]. AWFFLRMA, RMEEERNEEA 5K RBP MM EIF 2. H5R RBP FHLL,
PRA B B Al v R 2 i PR 5 7 {58 ) 4 7 ' Tl e AN 2= R b 2547381

2.5. p2-FRER

P-IERE R EER M RS, MU TEREEE . BT ARALRBUR K0,
CAEARHMER, p2-taEkeE B0 &), (EAML SN BLIT & 07 AT AE . IS p2-T0sk e (1 e S IR /)
BREMIMERE B g . S B /NR S0 KH 5 p- Tk EVRISOI o i . p-TIaR R 11 5 IR 1 f 2%
DIMIORAR, RENE X B E TR A IR IR S tr ELR S e, 5 BB I AR A7 IR [39] - 7E Kyle 58 AAEXT 1027 il
LI MM B8 I PR S B =R T b 5, R OUE 19% 0 88 i WUEF I 2 mo/dL, &)
FE 5% 1) B RN B 78 (1 -tk E, JF BAE 78%10 B R R L BE[40]. LI p- Bk E
The, 52 RUEERAUTCR, WS p2-REkE AR A . B IR N A K[41]. TETSH
P e PR R RN B, od-TAERER AT RE FH ORS00 1 /NVE 32 RIKR[42] . — X 373 4] MM &
& IR B ORI, B L L KRS 3.5 g/dL S MM EE TS R & . SR BRI LI F &
FKT 5 22 R A i R s 7™ LA FE Z IR AE AR S T [43] o
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2.6. BEE#HGSF-1 (KIM-1)

B E5 2> T-1 (Kidney injury molecule-1, KIM-1)J2& s /NeF T S I AL 1 . AL 210 50,
KIM-1 7K¥T 5 AR 4E A G [44]. fEZ B B4, KIM-1 A REREIERRT. BRI 2 2R 1
Y24 J e B T A SR AR A E FH [45] . 7E AKI 3, FRAMEII & FEUR KIM-1 7K~F35 11 100 f%[46],
FESER T, KIM-1 B RIZRIE S B 1 /NEIR] 8 AN1 BOF R R RS 5 [47]. KIM-1 H AT =2 T
5525 5% 3 ity /N R A AR o Rk L T LR AKL R AT 0TS, E] T 2B BRI
I AME -

2.7. EFREREABALIEF-2 (TIMP)MESERHE KEFES4ER-7 (IGFBP-7)

B EIR 1 B A 75 R T 4H M b 42 & 4 [ B (Matrix metalloproteinases, MMP) Al 4 &8 25 11 g 2H 2401 571)
(Tissue inhibitor of metalloproteinase, TIM)idt B 7= Az, ] S BB Rl 8 14 i 8 £ A A A= 28 1 (48] Bedlr I ds
FKH, R SR E AR LN F7)-2 (Tissue inhibitor of matrix metalloproteinase-2, TIMP-2)A1 i & K FEA4E
KK 7454 5 -7 (Insulin-like growth factor-binding protein-7, IGFBP-7) ] 574 Bl T Fi &bk B 4545 , ©47]
AT GL ANH A Wi, Al RN B IR ATIRAS[49]. TIMP-2 I IGFBP-7 1 LAZ 51X S/ f: e e
JUE ) S [50]. AT LAY ps3, p21 Al p27, JEAk p GRS, AN BEL B 4 i 3 A AR A
HEEEE G IER, FEEoRgn ot 25 2 85 YR T R [51] [52] [53]. thAb, X Lepfh Ak Mbr S aT
RE 2 (R 5 A0 M8t G 70 24 . FET Bk 3EZ[54] [55], (K TIMP-2 fl IGFBP-7 R fighric 52 B YL 1B /N b 7
FAE RGN E MRS R G5, 3 B IR A SR N [56]. SRIG, B /INE A ks 3k N — A 1
GL 40 Ja sy, LA b5 0 i [57] [58]. B4k, TIMP-2 LP-2& % 1T iz i 5 /N Al i 1) AL b i
Yo, e ANEMM ORI T IGFBP-7 43l [59]. KW TIMP-2 Fl IGFBP-7 52 1] B3] AKI 4R
YIbRER, AHXT MM R B EBE, )72 2 I AR SRR

28. HEEA

WG A RFAA KR T B (TGF-A) MM A, W75 %2 B P A0 i i A K Ak i — 2 85 1 ok
[60], ZS5AHMIAAE . G2 AN BRI F B S ML . FE M 2B, JRBUE R A BRI UIEAE
JE I AORE IR R, X TT Re 5 B IEBO H)™ AR A K [61]. FEME RS IEh AFEAERUE R A, {HF £ MGRS
BEENEA T RISER A, T RIS FLC IR, XnTEE M 7 8l & A DURURIRE f5 1) 'S
INEWOE R A RIS R 070, AANRHBUER A, EAEBKM T, i g =k
o, HOREEAERN R, B AT RS NES T I . L, 2ARHE MM. MGRS il MGUS
BHHARRGE, R TEIER A TTLMERN MM 3R RI AR S J1[62].

2.9. [m$5

LA 7K~ R 5 v X R L 4 AT B0 0 2 A R I R, 1 T S R R A AR, S BUR
N HE R AT BT, TS BN ER I A R B, B2 SEUCR AT R RUR AR 1A s 3 Ah eI
Fa] BB /INVE DLRE G D Re IR RS [63], B v L% W] 5 BUE A U PR IER ISR MK DL % B
PETE SO /MR Ia 5, SR IR A Th e T B, NI SBOR/NE . A8 IRERERS[40], 17155 i
IRAEINRES T, ML Z IR BK . AR E MM B, Mg K5 5 REAR 4 (RI) &4 HAE
T IA ARG . —IFFER ], MM B3 S E5 /K75 RI B A R ARZRIESR R o SEEAS /KP Ty Al Tl
4= RIBE T KBS 2 1 I [64].  PRIEBERE S AS A AT iy, R R R 453 35 A XS, S 25 1 A [65]
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2.10. MOZEH

MM & AU BT LA IR 2, — 7 B RER A0 MR B, BV IE 8 i 204 i A 2
BP0, AN MAER[40], FHAN MM B35 Fas Bk DL HORTIRBE IR -F A SC PR T2 SHLE], S5
T s P13 v R 8 AT 51 RS S 21 40 it R R R i (66 1 AR i M AR (B A Ly R RE[67], Al AN
FIL-1 A1 TNF 5135 7 RCIR P 22 2k R [68] . HE 5 #E 2 0k T A i E BRI &, OR A
ik 18.469 [69], N IMLALER /KPR 2 KM R B KA E IR EM ML R E R, SE N IFRE
BB NE R ey 8

2.11. BRER

MM 2 IR GE AR R R, 224 0 200 M X0 R 20 AR M6 P e B0 v PR PR MR 0 FLAE B FH AR 7 3
FEF, FTREP A MOURIE PR AL, L BRIRINAE[70] o BT FEACEL, ISP PR IR I 0 1 70075 3 1 vt PR R /D B
HIEE/NRAELE, RS R B B, B NEREEAAN S 8] AR 44 [71]. 7356, s RERIE PT LA
TR HE A R AR REZ AL PSB85 K JOE S N, R 28 S EUE RIS MEBE[72] [73]

3. IMNESRE

B T MM R LR I AOREZ —, 2 3E MM B RBEC R EEER, 2 MM B
FERIZI A TR B 5%, R BRERITINIL, SR T Rl St 2 e T 20,
PRl b P A BB 41 MM I PRYG YT B OGBS, R 1 78 AL AR IR B A T 4%, (B T HB HE
M ACRE RS, ABERMEIE TR . X FHINTHERN F K LEAHRAE . BURRPGEIRSEK, HYS
B BEHE VIR EbR LY. TR, KT EMFSWHRIT RO AR 5, 2HOVHATIR
PH — bR 5, VIR ZHEOGC e bnfs i, H AT WA T 22 Bria bl & AT 5 1R MM 5
PE LR TUE KPP, M TTREAT IR 1T, V677 AT AL 1) MM B RS A8 6 e B Rl g
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