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Abstract

Abstract

Objective:To investigate the effect of pentosan polysulfate on diabetic nephropathy
renal tubular epithelial cells injury through relulating p38MAPK signaling pathway.
Methods:Human proximal tubular epithelial cell line(HK-2)cells were grown in media
with high glucose concentration(10, 20, 30, 40 and 50mmol/L), the rate of cell
proliferation was examined by the CCK-8 method. The HK-2 cells were grown in
media with high glucose (30 mmol/L) for 30min, 1 h, 2 h, 4 h, 6 h, 12 h, 24 h, 48 h,
the expression of p38 MAPK proteins in the HK-2 cells was analyzed by Western blot.
The HK-2 cells were divided into :control(the CON group), high
glucos(30mmol/L,the HG group), pentosan polysulfate (200pug/mL,the PPS group),
and HG plus pentosan polysulfate at 200pg/mL(the HG+PPS group), p38MAPK
inhibitor SB202190 group(20pmol/L, the SB group), SB202190 plus HG group( the
SB+HG group), SB202190 plus pentosan polysulfate(the SB+PPS group).After
pretreatment for 48 h, the rate of cell proliferation was examined. After pretreatment
for 6 h, the expression of p38 MAPK proteins in the HK-2 cells was analyzed .
Results:Compared of the CON group,the rate of cell proliferation in the HG group
(30mmol/L) was increased significantly. Simultaneous incubation with pentosan
polysulfate inhibited HK-2 cell proliferation(all P value < 0.01). As compared to the
CON group, the high glucose increased the phosphorylation of p38 MAPK in HK-2
cells for 6 h(all P value < 0.01). The expression of phosphorylated p38(p-p38 MAPK)
protein in the HG+PPS group was significantly decreased than that in the HG
group(all P value < 0.01). The HK-2 cells were treated with p38MAPK inhibitor
SB202190 at the dose of 20umol/L for 6 h. Compared with HG group, the p38MAPK
phosphorylation levels of the HG+SB202190 group was decreased(all P value < 0.05).
The expression of p-p38 MAPK protein in the PPS+SB202190 group was
significantly decreased than that in the PPS group(all P value < 0.05).
Conclusion:This data demonstrate that through blocking p38MAPK signal
transduction pathway specifically, inhibit the proliferation on HK-2 cells and have a
protective effect on diabetic nephropathy.

[Key words] pentosan polysulfate; high glucose; P3SMAPK; renal tubular epithelial

cells; proliferation
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F—1 BERHERNIEKRICRAR
1.1 BERWF Wi (Diabetic Nephropathy,DN)

B PRI ) B0y 26 BB L THE S, Ok O LB R a3 — AN
G HE NSRRI JamFrgiit, IEREREERARIL 9. 7%, &
W H N EIA 15, 5%, e At FE IR B s HIE K. BEERRE - (diabetic
nephropathy, DND el FRI # WA I AAE, HEERSEE K Geit, 1 BURH R B v
B9 EOPI 2 15-40%, 1T ALK PRI BE R 99 1B 0 S 8 40 5-20%, (£ R4 04 5 [
FNE PRI B T2 A 2RI B B 1 R ™ o FREDRE F 0 B T R R 38
FETrmss, SRR E AR — AN BRI, H R R R R T T
FEWNAIR, REHEE &k ROZARIE . Ik, ORI 15t &
IUHE PRIV B 9 B AR N AFAE S E SN, AR B0 B0 FR A A e b A B
YERL, 400 S0E S AT ) I 2 B PR B R BRI, e IR B 1a ) 7 22
THHT A RURIG T 25, At TR Dy OB RO B e A R B AR S T
%571
1.2 &R B E R &R

B PRI B B AL AR I B 2%, B8 TWZRERNZEY. BHREE
7 PR A AU B A T 52 B30 IR B iy TR AR 1, A — 8 Bt Ae 15 5t R DA Jg— 16
ARERBIEER R T25T, @d R3S R, H&iEmK 74
B — SO SR T 0T, F B 3 B0 B 5T 5 PR
1.2.1 BEEAER

LIRS DN WRAEAE T VIR 5 Zpittd, Aie 1 e
e 2 BRI AE DN B EC] — s itk s AE AR, S T AR i AT
SEAREL, (B AU S 28 00 B B S BN — M3 NS DN &y [A]—Fh ik
BB RE RO T ANE R 1 B2 TURE LR, FELE SRR 5 8 DN, DL B A
B ig e R B AR . FELAERIBEFE T, IANATRE S DN K AEAR SR 1 A% R A
W B EE AR A I R 5k R AL A (angiotensin converting enzyme,ACE) . %
BRIt )58 (aldose reductase,AR) LA N i & HEH%3i2 T (glucose transporter],GluT1)
RERZEME. WS, CRIUEE GluTl WAFERERE Z M, Hd Xbal(+)35 07 3
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1.2.2 BB NDERE

FERE s B nT DOV 30 B I LA 8 70 % 5 . #E 1 B DN H4y 1/2
B /NERERL % (glomerular filtration rate, GFR) £ E T+ % 25%~50%. 7E 2 7 DN
dr, MR — 412 W 110 B 6, 16% 6] GFR>140ml/min. 7EiXFi GFR 3
e, HEAE 5 IEH A ORI & 0, R R AR = S bR R 5 0
%, B e R, ERARAE NG AR e
(€323 < w03 D W& = o1 = e D e R = e i e S RN - A T
GFR $#4:>150ml/min (995 &, LT 2404 IR 10 8 AR, TR kR 1
WEE, EFEFEA GFR LSRR AR EPAT I . ZES) a0 il B BN ER N
RN TR GFR DL LRI B (B LN 3R, ] et i R R A
(D WER: SZHRPIBMEAEKEE" . S EEAEKRET 10T BN
MREY /1% o B R, O8E (atrial natriuretic peptide, ANP) ", —% L%
(nitrogen monoxidum,NO) "', Fi%|#3 E, (prostaglandin E2,PGE,) « FIFIHM &K
L, (Prostacyclin,PGL) ""LAJ A B2 2 [ #BWT e S5 1 B 3 B B /N BRI v vEE AR
A Q) RWER R Q) EERRIUR R EIR GFR B, (HRTENT i /N
PR MR 0T 2 I, BB IS A R Z, TR,
JRTREE T NERAN B AL T R IIRES .
1.2.3 mEEE S5 AR

(R I v o AR i S RS B AR 5, IR DN R AR OGERE, DN (R A
HeAl 55 BB MU P Fs S LA G, FeA AR R S 8O IE SR 5 I Lk £ 2R B A
UL . = GluT1 ik S0 2 MEE NQH G 2, 40 s i 5
25 PR A3 0 0T LN AR PR AR R DR R T DA IR 655, IR SR 3R
FE R AR BE GIuT1 IERIE, (EEMET &, R 2 R EE RN T AN, &
FRR TG IR o re R S S i 4 A PSS I P i 2 2 32 A B H LSRR g3, A
B U 2L 2R B A A7 R T (R T SRR 0, R R AR R B R, 2 58
TULFJUME I E TN (1D JERphi . BEm T IR & T iRE S
B R R T O S Ak & R AR 74 (advanced glycosylation end products, AGEs),
A LS BUE /NEREE R JE A SOB B B . AT B Bk, (R B kAL,
BOEVF 2 5 RAEA R, A REREE AL . AGEs 1f DU E I & 4> 5
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FTHREbERT, WAERE . AL ZBERTES (2 2 IuhEm g HE:
SRR SR I e, AR FTEREEGE, SR L ALEE DL K R HER,
TG RTINS RS, A SRR IKER:  (3) DAG-PKC 42 (B
- e C B WuES: S5 RS E . BN ERE A0 L 1
B (ARG T R T RS A (4) OB IE AR i
BT B JE WS d Y- T LS TGF-B [ 2335, JFnT LALEA 2O fit i 24K
Pl
1.2.4 BIE

JUFAEAT () DN &AL w5 ™, 76 1 % DN o, il s S i A & A R
TR, TTE 2 24 DN H 25 7E DN AAE AT DL I 4% 6% 55 DN &
RAEEVINRR. @ MUETERE R R AENLS 0 2, AFAEdE. —
Lo SRS RO R s S Tl s
1.2.5 MEFEMDRRBRE

(1) B&E-MEEKE RS (renin-angiotensin system,RAS) % : 7E DN I,
JRH RAS AT XA FPIRAS, B A5 () RAS MU S5 T DN B 55 11 I I
Z 7, R LUER M S5k R 1324k 1 BEAL G A BEIEEE C LUK =R
BEBS OV, (et — s g SE B0 c-fosy c-myc. c-fun DA AE K RIF ORI
(2) WERZRGRW R AEREBMMENGE, 50RE /NS REnAR,
SRR, TRE I AR LA H 1 0 T e R SR B s R R R4
& RS TGF-B MR RSEIR - o 55, B8 7 AE T 4B 3 A AL 5%
(3) HIBIBR R AR S R — S B A VELBEE 0 32 2P WA i 5 1fn
NI TIRE, S5 mEE. PAEER AR, 5 DM B IERE AV R A5 AT
Jor (D AR AR SRR A AR K N T B 7E DN HH A P 0 1 40 A
A REEAH M B R R S LA R AR s i PR AT 2 A A K R R o AR
F BN B AR A A s BRIIRBE DR - o 7E 6 I Hh 14 P 32 52 I R
M. Bk, FFESFHAMWANER-1. AN E-6 LATsiRE, (2t
A5 7 DN KEREFE RS /NE LR T R i E a1 18
DN B4 h Rk %, lHE5 5 7 DN B4 40 - E W0 iR i, (850
RSTBOR s R EARE =) (ROS) = F=AId 202 1 i DM % Fh i DG



E o A=

0, DM AESL R, RN ROS FPASE N, XWEREAMR. B, RRABEAHRE
YEHT, WTLAES 5 2 M O 2 DL B R BT 3 55, 1 — DAt 1 B IR AL A 0 35
1.3 HETR B RRIERIG AR RN
1.3.1 FRIERN

SR 7E DN Sl 2 AR, B/ NIRIG B E BRARIE R, BRI A
W, RIBERAREGA, B/NE b R AR A 2 DL SORORE AR 1 e B )
NER B LA HE R 8 B2 DRIV R 5, R S G A, AR i A A D B R A
BEE R R, RIBE TN A R ORI, TR R T 4 IR B REAL,
7E PASM He {0 R AL ShAL 2[R0 [ HES, BN Kimmelstiel-Wilson 4575, 4577+
TR /N ERBA M E A O TR R, $F B4 . 76 DN Sk Ila), "L
1B /NGRS SIS ISR BE 2 b 7 41 i 2 17 H B0 B B B B R O B R s 76 S /N ERE
A B R R L AE AR A, R R B AR I, B I s AR R B
B NIERGE

TP ERAT AT : 7E 1 BOBE R (10 8 225 1T LUE L 1gG W& B /N R4 1f 5 56
JERTE S ABEAE AR, 8 F R L o B, E TR 20 i 5 ) R TR B T LU LA
LRI, BEONARRE RO . JE AT DAL EE 2] 1gM TR .

HLBER AT A DAL 2 /N TR 200 1L R S g J5 DA S R s 2, R 4 )
RFERAETIZ IR
1.3.2 KRR

R PRI 150 5 B IS AT DA BRI T AT B G5 A 4403, T A TR) R B 3, )
BREEALAE S HE PO AT BRI R R, SR ROW & S UL E IR —, DIl
TRAAE DN R I, A LEmHEAE G A R B ATt K A2 . R4S DM i)
AR, Mogensen 210K DN 43 Tl (1D B /NakE it DR B IR K39 -
UEII 3 5 e U A 7K A — B, AR VR R AP )5, CHIER 70 v] DATS S22
BAWRE R0 (2 IEWEEAKRB: B/ NERE g 3R W Bk 2,
B NEREL ARG S, RIS L, 12305 R B R B R IERIR R R R E
EIEH K, i ae s hl by Mo K-r, B e DARHIRSE T, (3) H
WRE PRI B A B /NERIE R R R E IR R KCE, B SCREE T IEE A& AR
1, IS NERE TR AR DL NSRBI AS . IR AR E AR RS T, i

FETF R () WEERME R B 7B B ) Kimmelstiel-Wilson 45715,
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FoE A

HEERIFEERER I, B/ BRIE R B R TR, & B85 T MK
LA EER, —BE N, RS BT IR R, s 2z, B
BRPE R AP TR (5) ARMIERE: B/ SERAEH
B>, REAEADIRIER B, &5 W T B TR T .

HEKOWIUELS DN WA RA R EERCR, HIMEAEB RN AR
B /NBRUEI Y BEBR RE ) D& LR, A S 1 A R D) Ret B T BEAS . DN
FEE R &5 ARSI, K PR P S b — R R M B /N ER O S A W S, A1 DN 2K
MEHEZE SN EREFRAR, ORI REM 2 AT I A I ™ H ) = 1
JE.

1.4 BEPR BRBYAT

DN IR ARSEA F I AN E AT RN E . DR B 24T, A2 2
BUKELRIP (diabetes mellitus, DM) A HSSEREALH, RIS 52 ACH 28 S AR 05 PR A=
PP RIS, B 2 B DM R N AR AU SR S AR AR I, dnsi e &
RIAE « [ CovE SRR o DRI PR AT X DN FII6RTT M AZ AR 22 A a7, £EE
LA JUAS 5
1.4.1 ¥ ME

— AN DN 5 BB B 20 25 1 (haemoglobin A1C,HbA1C)N1Z R & 4%l 7F
7.0%LATR, RS IR AE DN RV AT 28 R R E R SR
IR R LR S 15 T LAESE 1 8 DM I E R R b fE A B AR
AR ENEAIK . HbAIC 75 1 BLUEH NISH EAR T IE% S5 2 MrdE
7, 2 BN e EHETOE . DN KREIE Dise ] RE6RN, 2% %5 5 73
IR IR, R AE 428 o) TR 2 B 1% T AT R
1.4.2 $=HlmE"

DN & M EAMHE W, fH2ESE DN RAEMERNEZERE, &SilEE
DM 5 B BB O A () LIS PR AR 2, B Je BRI IS 3R 2k 2 Jm H ) AR
M AEHAR S E B Ja ] LLBH S B, 2 BB A L . B LR 25
T/ X 5 2 2 A T 1) 7)ot 2 5 7 2 T 32 A5 3R T DA RS /N BRE S 2R
TG AN MRS 1% b E A RS FAE RN DN BRSE Ik, BIfs4: & i
FIEH RGO N RA] LU AR S IR D e, I BT [ 5 LR 8) ) 2 1 2
U, M NUIET T I T 0% M1 M B, R AR AR DG
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E o A=

PN A ORI R R 2R . DN AR s L B BT AR AR 4% ], 5 H AR 241K
FAERE IR B3, A R AR R I i B AR K — B AE 125/75 mmHg 72 47,
X9 R A 48 9 A B R I A s AR 1 i 2 mT AR I E 130/80 mmHg™ s
1.4.3 FFRRIGTT

DM EFHZFHA MM ZEEL, RIOVMABE R, =B b, (K2R R AR
BEEA B Thm, @ EREAMBREA A BKEUER, DN N REEYE,
B /NBR B R UURR 3 BUY BOER A AR IR i 7 TR 5 2 B 1A 4 AL A A o 1
%, REMREEIREASH S AL, PR R B A W8 R R0 HI7),
AT & 7T LLTRR, B 28 2% DN (1t fe .
1.4.4 {RERETT

e E A R AT DU EE SR BN ER e L e B LA S ) S B, s
AR Ot e, BRI Rk DL “BRECRIT” VEARI, s s s s A
NE, FHIEROZIREE AR EARS 0.8g/(ke - d), M TCOLHKENEA
FR AN 3% 38 1) 5 3 T AR 0. 6g/(kg - d), FREIE S KEEARELTTL
W IR, (HARIE N IZIE RS T R L R

DN &R EHEYT EN (1) DN FL3: F245 DN S 1, s J5 10
DA S Ak 2 B (1 PRI o DRI R R A 25 5 9 b A xR BB T 463 10 45 35 A R bk
B, BTN AR U, v A SR BT TR, skl
HAxy HbAIC<<6.5%~T7%. RKIMESE RN, FTEARGIEBERE 0. 8g/(kg
cd): (2) IRPRE R X AR SE T 6 MU 7K P T4 BE 10 ' 11 1k
J&, PERE RSB AR IVA YT . 24 /N IR FI<lg, L FAEHITE 130/85mmHg
PLR: 24 NSRRI >1g, FiRHlAE 125/75mmHg UL T . [R50 AT E
HCE0. 6g/(kg - d)]+o-FilE:  (3) JREFEM: MR ER AR S A%,
AR (BARIBTT) ROMIEEFRIFHE.
1.4.5 HEAATHIRE

Qg R 55 it T LA BEL DT £ 22 o e i, e RIS o s A 28 K
PRI AR, T B IR 2R A R R AR BN ER ML B ) 5 2, B BRI I A
MRERSE, K2 ML T RS ReM B, IR ARST R R e 18
1.4.6 ZRABFHBRIETT

B TE A RO B B T DAEAT B IR AR YT (R LTS LU ECIERE PR I
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