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Table 1. Characteristics of the enrolled patients
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{, POREEBPTH o LMAEIE S 70— LEER4H
OWEEEFEI Y PO—-L & UTHW ., SRR o B 5
BEEAP S RED ELEL Th o7, SRIEF OBRIR Y 245
BlzonTRLUIE LD

2. MH
FEEEBRZIIBVTRIS X URBOEEME i 12 B M
ZATVHERABRZRNL 2. &4 OFHBERIIOWTLY%
AT VERTEE LARIZ/ST 71 AR & L7,
RRRIS, SRR ORISR D L IS4y A Iz
HEAE WIT RO RR & v, — BRI, BRI T,
RAE(CEMA 2 L1, 1500 BIHE, 59 FE0 L 72z ki % e
e L7, EHICHELRVIBEIE, 80T THEEMIEL B
HHIE -,

I. A&

1. R#E

MRS L CEARIE, HEBHE (- 2 AR REBRAD (<
VA - ZERSH, HE) THERLA. MAMmMIK
=, £, +, 2+, 3+&, EERIE—, £, +, 2+, 3+, 4+
EERREFE L. &b, BER “—" &, <10 mg/dl, “+7 X,
10 mg/dlifh, “+" 1%, 30 mg/dIRT%, “2+" i, 100 mg/dl
A&, "3+ 1, 300 mg/dIfifk, “4+" i, 1000 mg/dl kT
&A. IR N-acetyl-3-D-glucosaminidase (NAG) (Noto i), 42
30 yuT)r (FF Y ARBIEE), 7L T2 0
(BESEEE) (348 F 7oA ER RO RER CHlE L 7.

2. BHLEC BT 5 HO-1 mRNA 35 & OPHO-1 # I F 3 oo M)
1) Insitu N4 7)) ¥4 ¥— a3

i. RNA7 02— 7DERK

HO-1cDNA o BiFR 8% % 7 T i BRI AT AT Xhol-Xbal Wi
Fr(986bp) 27 AIFIH 7270 —= L TRNA 7 T —
TEERT S92, HO-1 5N sense S 1 v — (5-
CTCCCCTCGAGCGTCCTC-3') # & UFHO-1 3N antisense 75
{ ¥ — (5)CCTTCAGTGCCCACGGTAA-3") % v T, IEH L b
1) ¥ NERHI%E cDNA 2 5 HO-1 ¢cDNA % PCR¥E:CHIIE L 7.
PCRDGMHE, 194 2 195T308, 55C308, 72°C0# &

Patients with

Number of Sex Mean age elevated serum

patients  Male/female years creatinine N
MCNS 9 7/2 69 =59 0/9
Mes-PGN 63 31/32 103 44 1/63
IgA nephropathy 39 20/19 11.1 =42 1/39
Purpura nephrtis 21 11/10 9.0 =47 0/21
Non-IgA nephropathy 3 0/3 10.0 = 4.4 0/3
TIN 9 2/7 102 =54 2/9
ATN 3 2/1 123+ 23 1/3
FSGS 3 2/1 6.0 £ 3.6 0/3
SLE 4 1/3 123 £22 0/4
MPGN 3 0/3 133442 0/3
HO-1 deficiency 1 1/0 - 0/1
Total 95 46/49 102 £ 4.6 4/95

ATN, acute tubular necrosis; FSGS, focal segmental glomerulosclerosis; HO-1 heme
oxygenase-1; MCNS, minimal change nephrotic syndrome: Mes-PGN , mesangial
proliferative glomerulonephritis; MPGN, membranous proliferative glomerulonephritis;
SLE, systemic lupus erythematosus; TIN, tubulointerstitial nephritis.
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LT354% 4 7 ViTh -7, PCREWE L 'pGEM-11Zf ()
Vector (Promega Corporation, Madison, USA) # # 1L FHLilil[R
Fi% 3% Xhol & Xbal T HYIWF (37°C, 2W:MM) #, Quick Ligation
Kit (New England Biolabs Inc, Beverly, USA) % JIJ\» T Ligation
#1F- 7. Ligation DNA % JM109 Competent cells (Promega)
WHEA L, ALAau=Z—2 b TSR FERELA 7T A
3 FIZMA Sh7z HO-1 ¢cDNA &, ABI Prism Dye Terminator
sequencing kit (Perkin-Elmer Applied Biosystems, Foster City,
USA) % W CHUBRRCHI DR 2 77 72, Sense 70— 7D {E
BAZIE Xbal TEIWF L7279 2 3 F %, Antisense 7'/~ 7 D1
WAL Xhol TOW L2799 A FeEF T L—-bELT,
Digoxygenin (DIG) RNA Labelling Kit (Roche Molecular
Biochemicals, Mannheim, Germany) # iv»C, DIGCHEG# S
7oRNA 70— 7% L 7z,

ii. N4 7)Y 4E— a3y (hybridization)

B ST 7 4 M T 7 4, T v -
BlATFv, 0.IM Y ¥ ARG (phosphate buffer; PB) ¢, 30%
2 FEHk, 4% 28T RLT VT FIZ10 I Ekg L CREE
%47y, 0.IM PB T30 21l {ki%#, ProteinaseKi%i (DAKO
Corporation, Carpinteria, USA) (20 2g/ml in 10 mM Tris-HCl
pH8.0, 1 mM EDTA) (237°C T304 MMt L7, ME4% /3T
BT T FIS10 28 WEE LR & 15wy, 0.IM PBTC
302 kv, 0.2N HCHZ 1093 ket L 22, 0.1M PBC30
B2, .M M) /=T 3 L-HC (pHS.0) 42240l ditt
L, 025%MEKMMMEFLOIM MY LY /=0T 3 >
HCLIZ 105> B L 7=, 4 X 8SC; 0.6mol/L sodium chloride,
0.06mol/L sodium citrate) (= 104> 2 il 5%, 50 % B4 4+ >
LRV LT 2 F/LXSSCIZ50 CT604M MBI L7 LS T
FAE—-Yarifiol SBTITMEBLINA TN V¥~
a YW G0% AL T I N, 10 mM Tris-HCL (pH?7.6), 1 mM
EDTA, 600 mM NaCl, 1 X7 ¥V i, 0.25%SDS, 10%
FEA NG CHEET MU Y 4, 200 ng/ml tRNA) TRNA 70
— 7% 10012 AmML, HHRARSTTISMNEL, 7L
NATIFAY =S a v efFoURICHT LA, 50%kM A
TIFTCHRBLEEAAF ¥ —F v 2N —=DHT42CT 160
WA 7N T4 =V arzfiole, TU—7TOWREE0%
A LR AT 3 /2 X SSCIZ50TT 3050, 50% B A
d Abd N LT 3 /1 X SSCI250C T304 MK L T -
7=. DIG#2Mi-1 (100 mM Tris-HCl pH7.5, 150 mM NaCl) {25
S L 2, BUAFLINTTTO Yy XL SUMNETTo
72, DIGHRFN-1 C 3044 AL 72 7 4 F1E DIGHIE (DAKO)
& T L 30 BT BB BUS & 17 » 72 1%, DIGHRF-11215
32 EHER Lk L2, kI DIGAR#E-2 (100 mM Tris-HCL
pH9.5, 100 mM NaCl, 50 mM MgCly) 1237 MiEi#EL T 5
NBT/BCIP i (DAKO) %1l L, 37 COMEHTT 2R
sz, OSSR AR (10 mM Tris-HCl pH7.6, 1 mM EDTA) (&
34T IE I LIS 2 5 1L I KBk L, AFVTY) —VEHT
R EITVHEEL .

2) SIEHMSE

WSS 7 4 A RS 7 0 v, BT VTl
2TV, MNRAT I AY B AiEMAEK (Trisbuffered
saline, TBS) (pH7.2) (2T5%>, 3MEE#E L. ZOHRREED
JEIE L E 912 10 % Target-Retrieval iE# (DAKO) 2 &80 212
L, 5AMTA s 0y 2 — 7RG GOOWETF L ¥ V) Tk

WP # AT o 7o, INAALEERS:, BB L 72 10 % Target-Retrieval i
W L F £ ZIRIC30 5 FRFE L 7-7%, TBSIZTS55-#3
BIPEH L7z, 4 %IEE ¥ FMFE (DAKO) 2N A=TBST30%
W7oy %y 7 Wi, —REERICS ¢ HO-1EH %
BIIE200 /A MO Y+ Fhie F HO-1K) 79— F L3k
(Stressgen Biotechnologies, Victoria, Canada) % 4 °C C12 [
s s/, w707 7 — VAL LTE, MELEOFTIC
0.5 mg/ml @ Pronase (DAKO) | & % % 55 fHWPL (53R, 15
S EBIL . —kiifkid, CDESHLEUIK LT, 10045#%
Moo=y 2fie bvra7 77— FLCDESHLR) £/ 70—+
VLK (DAKQ) #4°CT12 W RG22, mALRME £ X
WY 202l Tamm-Horsfall & (1 (Tamm-Horsfall
protein, THP) #efu iz ik, 100 H Mo e v JHTHP LK
(Chemicon Int. Inc., Temecula, USA) % 4 °C T 12 KR SIS & &
7o FNFRO—RIFIGHETBS I T 54 M 3 | ki L 7.

HO-1 &\ iufads L U'CDESIE Hefa T i, Tkbiifke LTT 0
BT FRT TS = EFEBYFRY Y ey AL
(ENVISION/AP R 1) = — i3, DAKO) % ZimCT304H, THP
P TIRTLAY T+ A7 745 —EERT ey Uk
(Chemicon Int. Inc.) # HiRT300MKIGE ¢/, % L TTBS
W2 TS5 M 3RNEEH, 0.1M Tris-HCl#E#i % (pH8.6) 10 mliZ
Naphtol AS-MX phsphate (Sigma, St Louis, USA) 2 mg, > 7/
¥ LI (Fast-red TR salt, Sigma) 10 mg, L/Y3IvV— b
(Levamisole) (Sigma) 2.4 mg % FILZFNEM LA b LKL

LTHWTRG S, Bk KNTRICE L%, Mayer
AT M) SIS TRt R AT LR L oL

3) HO-1 mRNA & HO-1 & F 5300 5 J 0 EFfli

HO-1 mRNA B X ' HO-1 EE OSBRI i, AIRAKN, fr
RN, BURMECBVTERER 4 ZEFEL 72, TR
M & @ALRME X BNE, EALRME SR RS L h B
FREWZ L, EMRMAETEOHITHMBOEEMICHEL T2
2k, ZLOAMRMENRIEHALPRRITRzETLIZ LR
EERERE LTHE LAY, RAVEREBEDORRE DM GES
Tk, HO-1¥:fa & Y % AW OEARME (2B T
FRENIEEBLT 5 THP O SRR MLkt % ii7T L TR L7

HO-L& AP, BLICHRERSTH B L) ITH IR &)
M BUTOI IR MEETOFEML A, 2Fh, R
4> M0 HefaZe L, R4 > b1 ; weak and focal, ®1 >~ b
2 ; weak and diffuse ¥ 7=i3 moderate and focal, K1 >~ 3 ;
moderate and diffuse ¥ 7= {d strong and focal, &1 ~ M4 ;
strong and diffuse & #Fli L 7z,

HO-1 mRNA%EHUE, AT HO-1 B RB & Rk Yt iiE
EGHALUTOLI RS ¥ MEERITVEMLZ (M), %
B, HO-1 mRNAD B:miG L, BARBHO L I IZ3ER
(weak, moderate, strong) {257 5 IR T H o 70T 2 BLfg
Ffie L7z, 2% 0, RAETIE, HE (weak, strong) & 070
(focal, diffuse) #d & ZH A > b0 B, HAX b1
weak and focal, &4 ¥ b2 ; weak and diffuse ¥ 7=|d strong
and focal, #4 > }3 ; strong and diffuse & 5Fli L, RERET
i, 1D2DRIRERTOIA (segmental, global) & k4 kn
545 (focal, diffuse) b L IZFA X b0, Ferae L, KA~ b
1 ; segmental and focal, # 1 >~ 12 ; global and focal & 7-i%
segmental and diffuse, K4 > b3 ; global and diffuse & ZFfili L
7o B, RAVEMEBREAIFD I B, 26 THRIEERN
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Fig. 1. Evaluation of the levels of heme oxygenase-1 (HO-1) mRNA expression. Intensity of HO-1 mRNA staining within
glomeruli, proximal tubuli and distal tubuli was evaluated by in situ hybridization. Representative figures within proximal and distal tubuli
for negative, weak and strong staining are shown at left. Representative figures within glomeruli for negative, segmental, global are
shown at right. Negative controls are the kidney specimens from the HO-1 deficient case.

53 ; o A2

Fig.2. Demonstration of HO-1 mRNA expression within glomeruli. HO-1 mRNA expression was detected within glomeruli (A)
original magnification X 400. A high-power view show that the cells expressing HO-1 mRNA within glomeruli are the glomerular
epithelial cell (arrows) located at the periphery of the capillary wall and Bowmann'’s epithelial cells (arrowheads) (B) original
magnification X 1000. No signal was detected with sense RNA probe (C) original magnification X 400.
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Fig.3. HO-1 mRNA expression within interstitium and 3. AEAML R B
CD68-positive macrophages. HO-1 mRNA expression was TE A Pl H R % (X £SD) THILL 72, HEEh
detected within the interstitium (A) original magnification X % 1% Mann-Whitney ® U 3 & 0° Fisher 0 il 50 SR H 4 12 1

400. Immunohistochemical examination of consecutive renal o s ‘ e N By
sections indicated that the cells expressing HO-1 mRNA within TR, FSEARR O MBI 4 1S Spearman o NEHT A B $7 2

the interstitium were CD68-positive macrophages (B) WX DHGET L7z, p<0.05 a0 E2ED ) L3R L 7.
consecutively, original magnification X 400.
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Fig.4. Correlation between the levels of HO-1 mRNA
expression and HO-1 protein expression. There was a
significant correlation between the intensity of HO-1 mRNA
expression and HO-1 protein expression within proximal tubuli
(A) R=0.31, Y=1.411+0.375X, Spearman’s correlation coefficient
by rank, P<0.05. In contrast, there was no correlation between
the intensities of HO-1 mRNA and HO-1 protein within distal
tubuli (B). Both HO-1 mRNA expression and HO-1 protein
expression tended to be more intense within distal tubuli than
proximal tubuli. (C, D) HO-1 immunostaining, (E, F) HO-1
mRNA in situ hybridization.
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I. HO-1ZEBOE MBEEAICH 2 RIBOMEET

DAHRES L 7o/ S, S HIHERIEE 1R LR, L 72 2% 4
FIERELLDTH -7, DF Y HOTEMIX, W IFNOHE
IZBWTORME FEMBICBOTOARED LN, Aoy
LR, MR AR, SRERMR LI 2 & SR ERIRPIIE A7 A
Bl XRRO e o 7. F-HO-1&EME, TR (1.93 +
0.69 K1 > b)) IZHA~EAIRME (2.65+£0.62 K1 > b)Dli)
A EIHR <P L T 7z (Mann-Whitney #7E, p<0.001). &
S, AR BRI B VT oA, HO-14& 1 D3 Bl
FEN B PR DA B MR OFLEEICHIE L Cw7z. —J7, HO-1
EARBIREERN L Y — L 3BD N h o 7.

. HO-1 mRNA® & MERRNIZ BT 2 5B O MET

FRPEXFHE & U CTH V72 HO-1 RHBAEBI T, BFHLskN 121
HO-1 mRNAZEH Z i 2 2p - 72 (K1), HREAHMIELOH 5,
AT PRAAE LR A, sst 7 JR RS 1 2 M 12 HO-1 mRNA %851
2RO (M), ZORBUREE, HO-1EAZEH & A IERR
W AR (102 0.58 K 4 > 1) X W s R pRMIAS 1 ik i
(1.76 £ 0.73F 1 » M) O/ PHAEIZEETH > 72 (Mann-
Whitney 7€, p<0.001). <5 (ZHO-1&E DI A RO D>
TSR ERIR BRI, R—~ >3 Ll 588l %2 B o7z (1
1, [XI2A, B). 73, HO-1 mRNA I A4 > ¥ 400, SAERK
M N E I % 3R e h > 72, Sense 710 — 7 Tlds
BUERRO Ao 72 (M20). HEAMLISLCIE, B IZE
Thvrn17 77— (CD68FMEAMAY) (23 HO-1 mRNAZEH %
AR 72 (143).

Il. HO-1 mRNAJEBL L HO-1 & (158 BLOMI B D #at

ARG Rz LZ BV Tid, HO-1 mRNA & HO-1 %110
FEHICH S 2 2B % 2o 72 (M4A, C, E) (R=0.31,
Y=1.411+0.375X, Spearmann O {7 MR %L, p<0.05). —Ji, i
FLIRAIAE 128 W TIE HO-1 mRNAJSBIO R (12 5 5 4 HO-1
EHEBUIFICHETH Y, WHEDREBIIH S 5 2 MR
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Proximal tubuli Distal tubuli Glomeruli
Fig.5. Comparison of HO-1 mRNA expression in various renal diseases. The intensity of HO-1 mRNA expression was stronger in

ATN as compared with SLE within distal tubuli. The intensity of HO-1 mRNA expression was stronger in Mes-PGN as compared with
MCNS within glomeruli. O, MCNS without proteinuria at the time of renal biopsy.
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Correlation between HO-1 mRNA expression and the degrees of proteinuria or hematuria. In Mes-PGN, the intensity of

Q=@ @5 (39
heématuria

Glomeruli

HO-1 mRNA expression increased as the levels of proteinuria increased (A), Mann-Whitney test, *P<0.05, **P<0.01. There was no
correlation between the intensity of HO-1 mRNA expression and the degree of hematuria (B).

BOLNLEDo, L Lee LTiE, HO-1 mRNAORER
AR T URMRME B W THRWEREMR Shi
(504B, D, F).

V. &%EEE5 0 HO-1 mRNADFER DM

SERL RIS TIEEREIZHO-L mRNARBLICE2BO 2D o
7. EMRME TRV TABRE LN, SMRMNELEE
FEF O FH (Mann-Whitney R, p<0.001), HAIRETIEMIE
(B A 7 0 — BIEERESNC LN, X0 ABFENE RIE
Bl 5 HTHO-1 mRNAZRER % i B0 724 (Mann-Whitney R
%, p<0.001), S ERERMNLEERED Lo/, BIK
EVETR & L TBUNELE G 7 U — BREREBER O ) BEAR
DB VER &N, BHRE RO LESTIZHES »ICHO-1
mRNA D REEATEVERDED 57z (M5). &b, E¥ar
Fo—E LTHW:, BIREEZTTELT, »OT2E
BHRTHLMAEER 70— VERBOBREIZBWVTI,
HO-1 mRNADFHIZH L TRETIRZ <, BEOBEIRZH
b O OHHEER O £ Z A2 HO-1 mRNA D RERALTHO b iz,

V. HO-1 mRNAFBR L ERT— 7 L ORBRICHE T 245

B b EHIHASE CRETE AT ¥ & LR R 4
EFIIZB T, MR, BERBLIUZOMOERRKRT -5 &
HO-1 mRNARHIZ DWW TR 1T o7z, AIKME, EREE,

HEARMEVTROBMIZBVTSH, HO-1 mRNAFH & IR
DREL OMICHL 2R ERERO b ah o7z (H6). ~7,
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Abstract

Heme oxygenase-1 (HO-1) functions as a rate limiting enzyme in heme degradation and is induced upon stimulation with
various oxidative stresses. The salient feature of the renal pathology of the HO-1 deficient case was advanced tubulointestinal
injury and it has been suggested that HO-1 is an important protective factor for renal tubular epithelial cells. In this study, we
examined HO-1 mRNA expression within human kidney in various renal diseases and compared the data with the patterns of
HO-1 protein expression. The results were further analyzed by comparing the levels of HO-1 gene expression with various
clinical parameters to see the value of its examination. Included in this study were 9 cases of minimal-change nephrotic
syndrome (MCNS), 63 cases of mesangial proliferative glomerulonephritis [Mes-PGN; IgA nephropathy, purpura nephritis
and non-IgA nephropathy], 9 cases of tubulointerstitial nephritis (TIN), 3 cases of acute tubular necrosis (ATN), 3 cases of
focal segmental glomerulosclerosis (FSGS), 4 cases of systemic lupus erythematosus (SLE) and 3 cases of membranous
proliferative glomerulonephritis (MPGN) and a case of HO-1 deficiency. HO-1 mRNA expression of human kidney specimen
was examined by in situ hybridization. HO-1 mRNA was detectable within glomerular epithelial cells, Bowmann’s epithelial
cells, tubular epithelial cells, and infiltrating macrophages. In tubular epithalial cells, HO-1 mRNA expression tended to be
more intense within distal tubuli than proximal tubuli. There was the significant positive correlation between the levels of
HO-1 protein and mRNA expressions within the proximal tubuli. In contrast, there was no correlation between the levels of HO-
1 protein and mRNA expressions within the distal tubuli, where HO-1 mRNA expression was constantly high regardless the
levels of HO-1 protein expression. There was no disease-specific pattern of HO-1 mRNA expression for any of these illnesses.
HO-1 mRNA expression within tubular epithelial cells and glomerular epithelial cells tended to be more intense with greater
degrees of proteinuria. These data suggest that HO-1 protects renal epithelial cells from oxidative injury caused by glomerular
proteinuria that impairs renal function, and at the same time, may help to preserve the functions of nephrons. Collectively,
HO-1 is an enzyme playing unique roles in different segments of nephrons to maintain the integrity of the renal function.



