Prediction of clinical course in pediatric minimal
change nephrotic syndrome by t-cell receptor
diversity analysis
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TR 7 0 — €5 &R (minimal change nephrotic syndrome, MCNS) #(28WT, THIFBREE SR L R OMEYE
AEE SN TS, k41, 36ZO/NIEMCNS B (184 NFFEMHEH L 18HOHEBERHBLUIRATHA FRFEBD) 12
BT 5 THIMRS%M (T cell receptor, TCR) V3 L 73— b U —54if§#7, TCR V3 OHFHEHEF R (complementarity
determining region, CDR) 304 1 XM £ 475 S £k b, TCRIBHOSMMEEFML, £ OMREEE & ORI
Mfﬁﬁmﬁbt.%0%%,#ﬁ@ﬁ%WTuﬂRVﬂbﬂ—FU—@%WO%#&.GM”HM&(DFTMM&BK&
Lot —F, EEBRMASLFAFO L FAKESITR, HCCD8 THIRIZB VT, BENATCRVE L/s—1 1Y —DR
ERANDDONBFNE CHFEELTED, E5IZCDR3F A XG5HDEY Ao, TCROZHMHIW ST LTz,
37, EEBRE, R704 FEFEHTIR, BREBOUBEL &1, TCROSHIEIC bEKHH ONBFHSFEEL. L
i, AEMCNSIEBWTHIMICTCREHMEDTETI ZLI28 Y, TOROMBREAEMNML, SHEORL £ 2
HIFlic BT, RMORENRHFOMIBATIRIZE B Z L ARSI,
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BN R R 7 0 — BHEHEBE (minimal change nephrotic
syndrome, MCNS) 13, MERER L &HOFH%E LERET
2HERTHE. MRYPMCNS TS OHRAY T 1i2&D
BORFO4 FANC L B2EHMMVRELERTWE Y, LdL,
—HIIAEBERER AT O MKFOZBEED, AT7EA FH
AT, ¥4 20 74R773 FRVIBARY v HEDR
SRR OB SALEE 25, ZhoORENINK £IK5T5
Gilzit, Bk A7F04 FRSFRSShTEY, EDAT
o4 FRIC X ARIERAEE 2o TWwA. FIT, MR
HRERG»H 2 VIEAT O 4 FIEEFR»IENT AL, &
M & ORIEMHFI OBRHTREL 2y, A70A FHOR
REREPRDSE, TOERERATOA FRORMIZRD S ¢
BILATEEE AN TIR VW EEL.

CRETOHEIZL Y, MCNSOMRIEI I THIROM S AR
BEATVAY D, WOPOH|ETIE, RAME THROR
REREHNLREDOR FH A FOBBERELERT L L HRE
LTWwa", 2awx, EMBORT T4 FHES L REN
B OEE £ LT L ¥ 5 WRHIZB VL TIXTHROBIER K H
LTI EAEI S hT &7, AR TIZ, MCNS JE
Bz oW T THINL A4 (T cell receptor, TCR) V3 L /S— + 1)
— A BAT, TCR Va HiflitE it €A (complementarity

FR194E10 8 3 B2, FR194E10A 24 HZH

determining region, CDR) 34 4 X43%i 7 % il v C TCRA
OEMEOFME TV, BHREE L OMEMIC O WTIRE L.
2612, SEOERSMCNSERDO AT A FEIEEOHEN
A TEANIconTOHBELL.
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2000 46 7 &> 2006 4F DI 1 FIRKFEE IR H R R
B3 & OB /AN B RHTIBR T A /NBHIMCNS O 8% 36 %
Fabge L7, BT, B216l, 156, SR, 1~
217%, THO4AETHo, T0I b, EAMBEREPS (non
frequent relapser, NFR) 18%1, Si[EITF5H] (frequent relapser,
FR) 134, A5 04 FHIETH (steroid dependent patient, SD)
SEITHo7c.

REHERE A 20 IO TCR V3 L 23— b Y — ARt R 2 IEH 2
vho—nk LTHW?., $7/, CDR3Y A1 XEHIZIZ64 O
B~ 115 OMEBVNREEF I bo—L e LTHEALZ,

NFR, FR, SDO#H#EHtz, UFO L) b—imhfdic
Wl e, WIE S & S OE G B (AT a4 MRS
) 12 & BB TITo e, RIS ALG + J Mz 2(ml
PLEDTisEE & L-b o, $hAF0A FHORMHEKS

Abbreviations: CDR, complementarity determining region; CS, complexity score; FR, frequent relapser; MCNS,
minimal change nephrotic syndrome; MPHs, major peak heights; NFR, non frequent relapser; SD, steroid dependent

patient; TCR, T cell receptor; TPHs, total peak heights
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2EILLEBDBELAdDE L 72, AFOA FRMKEEDI L
FRA7 04 FRIOFESG D 2w LIZ5 Pk 2 8MAN0HE 2
SAILALEEDBELZZD D, HEHWI4AIDFHD S b 20 LA LA
TH LR ILE 22BN TH b DL LD,
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1. #ik

MIERF, FIRRE, RA701 FRHRNRDOEHE, 2704 F
RIFEPRR B D FEIFIZ BT, SR TOIRILISTA/SY >IN
MRl 2P LA, &8, £BFROT0 Fa—uid, &iRX
FREREERMER BTS2 4 4 - BETFHIGTHTER
BERAOHFTEHB T2 (FTER 1 200648 A 298, #&
F5 D B119%5, BEG  NEIHESREBICHS B AHEMEHE
BW Y AT LOML). ML, AV Y FEFIC
HMETREFEBIUVRANA Y T4 —LFar ey b ETW,
REX B RIZBNT ORI+ AT L 7.

AN YIMBERILA»S 7 4 2= - N4 23— (Ficoll-
Hypaque) MEHEE OIS THMIRE FREL 2. ZONERT 2-
TI/XTFNVAVFF 9oy n70<%4F (2-
aminoethylisothiouronium bromide, Sigma, St. Louis, USA) %L#
by VRMEREMV O bEET4I—L - N 5-2 ]
HELEEZHCWDELAEDY y MBI E THBE LTH
W7z, 2612, Dynabeads M-450 CD4, CD8 (Dynal Biotech
ASA, Oslo, Norway) % i\»C, #h#hCD4™ THIECDS" T
Milg) & CD8™ T#ifZ (CD4~ THIKR) (=58 L THIRLIES Eitk
he LTRWAY,

2. 2RNAL & cDNAD{ER

ERIDVEONATHRESE S S5, Trizol Reagent
(Invitrogen, Carlsbad, USA) % iz RNA Z{iti L 7:. RNAREE
{%, GeneQuant Pro RNA/DNA Calculator (Amersham Pharmacia
Biotech, Buckinghamshire, UK) # AW CTill@ L7, #ilish
72RNA iZ, RandamHex Primer (¥ # 5, Xift) £ RAV2 (¥ #
) £z, Gene Amp PCR System 9600 (Parkin-Elmer Applied
Biosystems Division, Norwalk, USA) % F\ T B & 4 cDNA {2
UL T DY A
3. TCRV3 L /3= b ) — 545 47 (IR AOBEHT)

TCRVB L3— M) —5AifTiE3h I —70—4 4 b 2 b

V=il k D iTok. LTRORATHRSE LY O RSH L

HAIK(PBS, pH7.2) C3mak# L, #HVR L= —(Vj3 1,
2, 3, 51, 52, 53, 7, 8 9, 11, 12, 13.1, 138, 14, 16, 17,
18, 20, 213, 22, 23){ 34 % PEBI#HTCR V3 #ifk (Coulter
Immunotech, Marseille, France) & iiEfl % € 30 3% EHREIE L,
& b (ZFITC f# %51 CD8 44 (Becton Dickinson, San Diego, USA)
& RPE - Cy5§i##i CD4#if4 (DAKO, Glostrup, Denmark) & T
I55F M BUG & € 7-7%, PBST2EIpki#h, #ilz% PBS I H ik
L7952 T78—H% 4 b A —#%— Cytoron Absolute (Ortho
Diagnostic System, JUi0) % Bl v THET L 72 (D 1A).
4. TCRV2 CDR3H 4 X537t (W)
TCR V3 CDR3# 1 X531i###iit, Konno 5% % Mizuno 6?6
DFEES LI T o AU TICEH TS, 24HEHADSTCR YV
BRI T 74— ('TCOBV)(VR 1~20', V321~24"%) k6
Fam £ 3'TCR CA ¥R 75 1 v — (3’TCRBC) % A 7=,
cDNA {2 GeneAmp PCR System 9700 (Parkin-Elmer Applied
Biosystems) % T, 94CX 14, 55CX 14, 74CX 14
T35 A 7 VG S ¥/, HEPCREH2ul, 74 V21T7 3 F
12 ul, Gene Scan 500 ROX (Parkin-Elmer Applied Biosystems)
02 u12RAMLT, 5TX 25 THEMM, QGHL:.
DS % ABI 310 GeneScan (Parkin-Elmer Applied Biosystems)
CEHIRN L7 (R1B). CDRIMHIZI A B4 DE— 7 {ifft
DTNRET I/ eI FT53bpDBOEERBLTVS,
288 — 2 Tid, TCR A HIOMHIKIIZ & SRMUAME SR
57:09~100Y—7 (BL2b7 I8 PRESAYY
AGMELETS.
5. CS (Complexity score) D il

CSi3, ¥ Clo#fiis STV 5 Bonberger 5 P D F ik B R
LT L7:. TCR V3 CDR3#4 4 X53#ilx, £ TCR V25t
Lol EREZDE— RSN FRLDE - B 5,
FHIc L D CSEHBM LM, FIHRUEUTOREY TH 5,

CS=TPHs ®##1 X MPHs ®#./ MPHs ®#:#1. Z =T
major peak heights (MPHs) & i, total peak heights (TPHs) @
BMO0%DEZEDIE—7DIETHS. FLBOKIC,
WY — Y TCREBUIRR SN 2HI~ 100K — 7 H¢
Fm &I A3HERETEH. ZLT, CSHEHY5~6& ¥l
ZRT. LaL, BERY - TCIIERMIEE STV 7
VELQA)TI/0—F N EE—-2%BLCSH1~4 L Efli%
Y (E2).
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Fig. 1. V3 repertoires (A), CDR3 sizes (B), and 3-D analysis of TCR diversity (C) in normal controls: These figures show normal patterns
of quantitative analysis (V3 repertoires), qualitative analysis (CDR3 sizes), and a combination of the two (3-D analysis).
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6. TCRL 78— b V) — D it - FHEEHT

TCRV3 L/S— b —53Aifgias F 12 & 5 ik iuf#dT & TCRV3
CDR3 Y { XMW RIC & 5 BRI 2 M &hETIRT
Y7128 LW, BCDR3IFZ100% L LTHADE— 2
DBEHHL, L—-P)—FHICELEVILNR—}Y —
D% kT E b (FIC).
7. fEEtFEMLE

MEAIE, Py EERE%E (X£SD) CHEL . fAilFE
$#5Eix, Mann-Whitney ® URSES &L TUREIZ & D L 4.
p<0.05 X HETEMAEED ) SFTML 7.

CDR3
*5"TCRBV— | | «—3'TCRBC

T B

(Cs=5.22)

(CS=2.46)

Fig. 2. Spectratyping of CDR3 size: Primer for 24 different V3
subfamilies and a fluorescent BC primer (A). Variety in a V32
repertoire results in multiple peaks; Gaussian distribution (B).
A repertoire lacking variety shows few peaks; Skewed
distribution (C).
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AR, CDR3 Y X447 L UF3D ARAT

0PIDIEH 2~ b= IZBIF BV L= B —5RT
DORERT (D14). 7/, FhFPhOERI Y bO—IC
$i7% CDR34 1 X434 (M 1B) & 3D (IR11C) DR %R
T, E¥3 Y =V TIE, TCRV3 CDR3H 1 X53#F14% <
DE—7 2 BZDH I A5 ERL, CSEFEHERL: (H2).
. MCNS BEARREIDTCRVE L /X— b —42 T

MCNS ZERBTHOVE LS~ b)) —BHORKREIEH I >
Pa—nkt bICE3IRY. FRIEREMNTIECDL ™ TH,
CDS8*"THIML L HIZVR L= b ) —DBHRE I DT HTH -
oo THIZKL T, HEERF, R7o4 FKFFTIECDE”
THIRICBWTW L 22D VRIZIER +2SD L Eokinz R=+
Lss— b)) —fint@Bo bk (x CRT). Lal, Sof
13CD4 " THIR CIIBE Tz e o 7z,
M. MCNS &&EIC-$11 3 CDR3 ¥ 1 X434k (K14)

EFarbto—-nTil, ¥XTOCDS'THIlEAVRIZEW
THIAGMERL, CSEHIL527 Tdh o7z, MM G5
BT, BEALDOVINERKT T A5 % 2 L TCSTHitd
532 TIEH I~ bo— L3RRS CH 4. ZhizHL, H
EHERNBLPRTOA FRUKERITIZA ) T 70 -0 b L
CRE/ 20— F Va3 fhiz BT 2 VIXLRFEEL, B
REITII CSFEIYI4.92, A7 04 FRUKER CIECSEHH
43BLEETH o7, T L) LML, CD8* THIMETHMi<
B HNHCDAT THRTIIRD SN hol: (K4).
V. CSOEBCHT IS

CD4* THilfe L CDS8* THIBM D CS T A1z, Eia
yha—n, ESEEEES, HRERE, X7 o4 FRIKE,
HHORRME N ENFIE LILBRE Lz (®5). EHa s
FI—LVTl, BLAEDVINTIARH 2B L TWAELD
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Fig.3. V3 repertoire distribution of a typical case in different groups of MCNS patients: (A), normal control; (B), NFR; (C), FR; (D), SD. *
indicates obviously increased V3 repertoires. Same as normal control, abnormalities in V3 repertoire distribution in NFR patient were
infrequent in both CD4 ~ and CD8* T cells. In some FR/SD patients, selected V3 repertoires were significantly increased in CD8 ™ T cells.
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Fig.4. CDR3 size distributions on CD8* T cells of a typical case in different groups of MCNS patients: (A), normal control; (B), NFR; (C),
FR; (D), SD. In FR/SD patients CDR3 size distributions showed an oligaclonal or monoclonal pattern in many V3 subfamilies of CD8~ T
cells. Mean CS values of FR (4.92) and SD (4.38) patients were low in comparison with normal control (5.27) and NFR (5.32) patients.
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Numerical value in a parenthesis is mean CS value of each group.
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Fig.5. Distributions of mean CS values of some typical cases in patients from each group: Mean CS was < 4.0 in many FR/SD V3

repertoires.
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CSH5~6DIZHAi LTz, FHEMRATIE, EHiEE
(BB LY — 2B LTS, BHEMSEF, A7o4F
?sluﬁﬁﬁuf'u. A THHEBOTREVIES DA FHL A
5EHhY, HIZCSAMLTIEL UEFLAVRL/S—}
IR Eio.to oz, ZO &) REIE, CDAYT
ML h b CD8” THIRLICHIF TH - - (K5).

F 7, FTRTOFEFTOCDL THIM, CD8 THilLIZ BT
5CS% 77 7L L7=(E6). CD4* THlEIZoWT, FHOCS
DEHEERGT AL ER 2 ha— 0V T13514 £ 001, JEH
5 C135.26 021, BEBFREFA/ AT T4 FRKGFHTIZ
513+031 CHHFELREADSN L, o7, —F, CD8* T
MBI 2 8HOCSOFHFEIZER2 > P2 - T525+
0.15, FFHEERGTIZ6.42£0.33, SHEIHEG/ AT F
FUKERTI34.90 044 TH H, EFH A G/IEPIN PG &M
FIESEH/ AT T4 FRKEFIZ BV CHREMA BRI 5
.

BIRIASEGI & 2734 FIKFEGITo CD8 " THIfR D T34 CSid
FHOE)T—2SD (CS=4.95) LT CTH o7z, £L T, MCNSHE
BT, CD8* THIDFIYCSHA495LLTDHE, HEUES6%,
HRETT% THRBREZEATOA FRERORAL LS
S EMFiMERL, B, ERNL VO THIER LRV,
A5 0O 4 FEKFERICIR - Tw i, CD8* THIfaDIE CSA®
4.95 LT DM S BABULE, HFILEE & 12100 % Wl TF I
TELMHeE bR I,

V. SHRN X T01 FASIC LS TCRB#EMEDIE(L

Fexid, SMBORTOL FiEBREDDOH, TCROSHME:
IHEBRRIEZTHE) I L THRE T 72 (B17). CD8™T
Mz BITATCR VA L3— b Y — 534 5 £ TS CDR3H 1 X%
Woik, RN, 2BMOATFO S FigdEk, 3 HBROTR
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BrE RO Y — L FRL, FWHOAT O 4 FiERCL
LHBIRD LI o7,
V. EIFE8 & TCRB#BEDTIL

SRMTFSFI B VT, WD S IEM, R EET LS
fe—Pl % BURT 5 (8). Z DHEFIIERRAYIZI S WAE TR
BITHhodt, HBLELDICHEHBIBREERL TV,
TCREEE DS MO WA RTIE, WRHTIXCDSY THIKO
CSTMHT4.02 Td - 7248, 3ERICIIERERDBEPIZ W
CSEHM 492 T TUHEL TV o, D LI, TCRVE LS
— M) — I FERER OB EIERIZ L CHBL TW.
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Fig. 6. Mean CS values for all patients: There was a significant
difference of mean CS values between normal controls or NFR
patients and FR/SD patients. A value of -2SD was shown in a
line. Control; n=6 (CD4* T cell; n=6, CD8* T cell; n=5), NFR;
n=18 (CD4* T cell; n=14, CD8" T cell; n=18), FR; n=13 (CD4 "~
T cell; n=12, CD8* T cell; n=13), SD; n=5 (CD4"* T cell; n=5,
CD8* T cell; n=5).
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Fig. 7.

Effect of short-term steroid therapy on CD8* TCR diversity: Short-term steroid therapy did not result in significant distortion of the

TCR repertoire or CDR3 size distribution. Each CS value was 4.69 at the onset, 4.57 at remission with steroid and 4.92 at remission

without steroid.
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CDR3# 1 XM (MBI O #EZHITEbETIRT
2 & B IRE - BTN % 1T - 72 (B09).

EWHES L UEERERFITIE, TCRV3L/$— M) —4
TR CRE ML T3 V3 id#E» ¥, TCR V3 CDR3#
1 XFHERCOIREALDOVI TR Y AGHART 0, 3
KRBT THORFE ML TV AV @b ok hot,

ZH LT, BEERERAR AT 04 FRHEEGO—H T,
TCRV3 L 23— b —GAifii CREICHML T3 V3 D
L, ZOVRL A=Y —I2BFBE/ Y u—Fa/4) Ty
U —F 7% TCR V3 CDR3¥ 1 X534 % 2%, TCRVa L 73—

2000 Sept 18 2001 Jun 01 2003 Sept 02
(Onset) (FR state) (NFR state)
VB 13.1 —> -
VB 21 — -
cs 402 == 402 =P 492

Fig.8. Relationship between clinical course and change in
CD8™* TCR diversity: The increase in CS correlated well with
improvement in the clinical course.
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REBTHE. UL, A704 FREENH20%, EHEEH
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Fig.9. 3-D analysis of CD8* TCR repertoires in each group of MCNS patients: (A), normal control; (B), NFR; (C), FR; (D), SD. In FR/SD
patients, selected V3 repertoires in CD8" T cells were markedly increased and CDR3 size analysis showed oligoclonal and/or

monoclonal patterns.
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&, A704 FHIORMERLERTEL D EEDIMS, Lo
T, HOWALRAFO4 FANCH T ABULMEE FRITES LS
LiBEORI A EFE IR D,

—J5, MCNS®OFHEZIW L Tid1974 4 (2 Shalhoub.R.J 14
L% THROBIERE LB cdh, THRME
ETBWHERT () 2R 1 ) ORRELCEHE B ITEN
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EWIitEbH 5. Thoniiiss, THIKAMCNS DEH
CRERBREE R LTVWAIESRIESRBY,

THIEEAEICBI L T, 1658 Tl TCREGE O 2% B AT A%H:
B &hTwa. TCRiEED SARIERTIE, BEIR, RIEFSKE
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Dy bD—2TIE, $EEMEA 70— CEERBOMEFITCDS”
THIEAHEENS LTWwA I LERLTWAY, 20—k T,
B0 4 70— BERREOHREH I TCR OiFMEAL T 72134
FEOrO— L OMMbED LN Lot b Tl bH B,
FOM A 7 o — PEREOFBRICTHRIMG LTI  ENS
BXIX, SEHERLAZBAC LS L oftiEdd 5.
ARFETIE, MCNS Bt % 5 n H R & S mRas L v
RF 04 FREEH O3B THARME ORERT 27 -
7. IO REBCLE, TCR VA L2i— MY =44 L UFTCR
V3 CDR3H A XA L IR EEARTINIR T TH 1,
Zhizx L, HEEEFBLTRATOM FAKERITIZTCRY
3 L=+ —%5A5, TCRVE CDR3# A X3 Aid# & b1
CD8 THIfZ =BT ARMDAGAFEDO SN, ThbDHRDL
5, 4 kb CD8YTHINIZ 3347 B TCR##: D% Btk % W
T AT, HEBERAIGI LR D560 %DIRET
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Abstract

To further elucidate the clinical relevance of T-cell abnormality in minimal change nephrotic syndrome (MCNS), and to
predict the consequences of MCNS, we studied T-cell receptor (TCR) diversity by analyzing CDR3 size distribution and the
frequency of V/3 repertoire usage. Thirty-six pediatric patients with MCNS were enrolled. Eighteen were frequent relapsers
and/or steroid-dependent (FR/SD) and 18 were non-frequent relapsers (NFR). The study was performed to analyze serial
changes of TCR V3 repertoires in the two groups of patients. Frequencies of V;3 repertoire usage were determined by flow
cytometry, and TCR CDR3 length distribution was analyzed by GeneScan. In NFR patients, abnormalities in the distribution
of 21 V3 repertoires were few in both CD4" and CD8" T cells. In FR/SD patients, the patterns were normal in CD4* T
cells, while selected V3 repertoires were significantly increased in CD8 ™ T cells in some patients. Furthermore, TCR
diversity was significantly reduced in CD8 ™ T cells in FR/SD patients as shown by marked skewing of CDR3 size
distributions. It is noteworthy that in some FR/SD patients the initially abnormal TCR diversity improved as the clinical
symptoms improved such that they became NFR over the years. Analysis of TCR diversity may delineate the subgroup of
patients with FR/SD and provide a rationale for early intervention with immunosuppressive therapy for these patients.



