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PREFACE

Chronic kidney disease (CKD) is a public-health problem characterized as either kidney
damage or kidney function decline for a long time, regardless of disease type or cause, and is
increasingly common in the world irrespective of developed or developing countries.
Patients with CKD are at high risk for developing end-stage renal disease (ESRD), requiring
costly renal replacement therapy or renal transplantation. In addition, CKD is strongly
linked to important diseases, such as diabetes, hypertension and cardiovascular disease
(Couser ef al., 2011). Faced with these outcomes of CKD, clinical research efforts have
been focused on preventing or delaying the progression of CKD for the last decades.
Unfortunately, fundamental therapy is not available at present, and the major present therapies
for CKD are palliative care and removing the risk factors such as hypertension,
hyperglycemia and hyperlipidemia. Considering renal structure and function to filtrate
blood flows continuously, it is easy to imagine that renal glomerular damage by abnormal
blood pressure and components is a potential risk factor for CKD progression. Proteinuria is
intimately involved in the dysfunction of glomerular visceral epithelial cell (podocyte) or its
intercellular junction forming filtration slit (slit diaphragm), and glomerulosclerosis (GS)
sequentially starts with decrease in podocytes (podocytopenia). GS is one of the most
common forms of CKD, and mutations in a number of podocyte-specific genes (NPHSI,
NPHS2, CD2AP, ACTN4, TRPC6, PLCE1, MYHY) responsible for GS have been identified in
humans (Wiggins, 2007). Therefore, podocyte loss is a common determining factor for
progression toward many types of kidney disease, resulting in CKD (Pavenstédt et al., 2003;
Warsow et al., 2013). However, the molecular mechanisms of CKD progression are still
unclear. The onset, progression and the severity of CKD can be strongly influenced by
genetic backgrounds. For example, ESRD incidence rates are higher in blacks, Asians and
Hispanics compared with whites (Derose et al., 2013). These racial disparities indicate the
presence of the modifier genes that prevent or accelerate the progression of CKD.
Elucidating the reasons for these differences in diverse genetic backgrounds could help
unraveling the mechanisms for the progression of CKD and developing novel therapies for it,
regardless of predisposing factors.

This study approaches CKD from these aspects using ICGN mouse, one of the
spontaneous CKD model mice. The null mutation of the tensin2 gene (77ns2) is known as

the major causative factor for renal failure in ICGN mice, and the function of Tns2 in kidney



and the mechanism by which Tns2-deficiency leads to renal failure are unknown (Cho et al.,
2006). Also, the severity of the renal failure caused by Tns2-deficiency is strongly
influenced by murine genetic backgrounds (Nishino et al., 2010, 2012a; Uchio-Yamada ef al.,
2013). This genetic background-dependent diversity indicates the presence of the modifier
genes that prevent renal failure induced by Tns2-deficiency. Hence, comparisons of the
genetic background-dependent differences in susceptibility to Tns2-deficiency could help
identifying the modifier genes, and unraveling the function of Tns2 in kidney and the

mechanism by which Tns2-deficiency leads to renal failure.
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Chapter 1

Quantitative trait loci on chromosome 2 for resistance to the congenital

nephropathy in tensin2-deficient mice

The original paper of this chapter will be submitted for publication, and thus can not be

shown at the time the thesis has been submitted to Hokkaido University.



SUMMARY

ICGN mouse is a CKD model that is characterized histologically by GS and
tubulointerstitial fibrosis, and clinically by proteinuria and anemia, which are common
symptoms and pathological changes associated with a variety of kidney diseases. Previously,
a QTL analysis identified a deletion mutation of the Tns2 (Tns2™") as the causative gene for
proteinuria in ICGN mice. Interestingly, the congenic strain carrying the Tns2"" mutation
on a B6 genetic background exhibited milder phenotypes than did ICGN mice, indicating the
presence of several modifier genes controlling the disease phenotype. In the present study,
to identify the resistant/susceptible loci for CKD progression in Tns2-deficient mice, a QTL
analysis was performed using backcross progenies from susceptible ICGN and resistant B6
mice. The QTL analaysis identified a significant locus on Chr 2 (LOD = 5.36; 31 ¢cM) and
two suggestive loci on Chrs 10 (LOD = 2.27; 64 cM) and X (LOD = 2.65; 67 cM) with
linkage to the severity of tubulointerstitial injury. One significant locus on Chr 13 (LOD =
3.49; approximately 14 ¢cM) and one suggestive locus on Chr 2 (LOD = 2.41; 51 cM) were
identified as QTLs for the severity of GS. A suggestive locus in BUN was also detected in
the same Chr 2 region (LOD = 2.34; 51 cM). A locus on Chr 2 (36 cM) was significantly
linked with Hb (LOD = 4.47) and Ht (LOD = 3.58). Four novel epistatic loci controlling
either Hb or tubulointerstitial injury were discovered. Then, the ICGN consomic mice
introgressed Chr 2 (2.23-88.99 c¢M) from the B6 mouse exhibited milder CKD phenotypes
than did ICGN mice. These results suggest the existence of the CKD-resistant/susceptible
loci on Chr 2. However, for the primordial prevention of renal failure induced by Tns2™",
the resistant effects of Chr 2 from the B6 mouse was insufficient as compared to those of the
B6 genetic background itself, suggesting that there are other loci to confer an immediate

resistance to Tns2-deficiency outside of the introduced Chr 2 region (2.23-88.99 cM).
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Figure 1. Representative examples of glomerular damage score. Bar indicates 25 pm.



Figure 2. Representative examples of tubular damage score. Bar indicates 50 pm.
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Figure 4. Hemoglobin concentration and BUN and kidney injury in backcross mice. (A,
left) Distributions of Hb and BUN in (ICGN x B6) F, x ICGN backcross progenies. (A,
right) Distributions of Hb and BUN in B6-Tns2"" ICGN, (ICGN x B6) F,, backcross mice.
(B) Glomerular index and tubular index distributions in (ICGN x B6) F, x ICGN backcross
progenies. B6con, B6-Tns2""; BC, backcross mice; NS, no significant; asterisk, P < 0.001.
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Figure 5. Linkage of nephropathy to chromosome 2. (A) Genome-wide linkage analysis of
the tubular index. (B) LOD plots show the linkage of nephropathic traits to Chr 2. Hb (red
line) and tubular index (black line) yielded significant LOD scores. The approximate 95%
confidential intervals: 19.6-56.4 cM (tubular index), 26-73 cM (glomerular index), 26-55 cM
(Hb), 23-59 cM (Ht), 27-72 ¢cM (BUN). (C) LOD curve and bootstrap histogram of the QTL
on Chr 2 for tubular index. The histogram appears to have five peaks.



Significant

...............................................................................................................

Suggestive

..............................................................................................................

i
“NX\J\M :\V: :j\J:

LOD

f//\/\uf\

0 |
1 2 11 12 183 14 1516 1718 19 X
B C
51 60 1
. o . *
Hb Ht BUN X 0 | *
4 - o
—— glomeruli £ 4
}
[
3 —— tubule S 30 1
1™
o & 20 -
' L)
2 - G 101
0
1 A ICGN/B6 ICGN/ICGN
D13Mit60
O = T T T T

0 10 20 30 40 50 60 70
Map position on chromosome 13 (cM)

Figure 6. LOD score curves on chromosome 13. (A) Genome-wide linkage analysis of the
glomerular index. (B) A significant QTL for glomerular index was detected on Chr 13. The
approximate 95% confidential intervals: 0-31.5 cM. (C) Glomerular index at the peak LOD
score (D13Mit60). The resistance phenotype associated with ICGN/B6 genotype (P< 0.001,
Mann-Whitney’s U test).
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Figure 7. Epistasis associated with QTLs. Epistatic interactions were detected associated
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Chr Markers cM (MGI) Chr Markers cM (MGI) Chr Markers cM (MGI)

1 DIMit1002 494 1,2 5 D5Mit]22 89.28 2 13 DI3Mitl7 773 1,2
1 DIMit123 17.63 2 6 D6Mit86 1.81 1,2 13 DI13Mit60 14.44 1,2
1 DIMir212 18.55 1 6 D6Mit159 12.36 2 13 D13Mit94 245 1,2
1 DIMir213 22.88 2 6 D6Mir274 237 1,2 13 D13Mit66 3454 1,2
1 DIMit282 37.02 2 6 D6Mit3 34.81 1,2 13 DI3Mit68 41.38 1,2
1 DIMit131 39.16 1 6 D6Mit194 629 1,2 13 DI13Mit262 63.93 1,2
1 DIMit191 52.66 2 6 D6Mit201 71.7 1,2 14 DI14Mit49 7.08 1,2
1 DIMitl4 67.71 1,2 7 D7Mitl78 2.02 1,2 14 DI4Miti21 25.36 1,2
1 DIMit355 80.36 2 7 D7Mitl17 17.26 1,2 14 DI14Mit225 3946 1,2
1 DIMit291 88.97 2 7 D7Mit82 32.76 1,2 14 DI14Mir266 64.86 1,2
1 DIMit511 97.3 1,2 7 Tyr (coat color) 49.01 1,2 15 DISMitl75 3.96 1,2
2 D2Mitl 223 1,2 7 D7Mit222 59.13 1,2 15 DI5Mit255 16.41 1
2 D2Mir293 17.24 1,2 7 D7Mit105 70.29 1,2 15 DI5Mitl52 1741 2
2 D2Mit369 2451 1,2 7 D7Mit189 88.85-89.02 1 15 DI15Mit270 27.16 2
2 D2Mir91 39.24 2 8 D8Mit124 7.59 2 15 DI15Mitl56 32.19 1
2 D2Mit380 40.89 1 8 D8Mit4 18.89 1,2 15 DI5Mit71 37.8 2
2 D2Mit66 49.45 1,2 8 D8Mit234 39.33 1,2 15 DI5Mit108 4779 1,2
2 D2Mit102 57.65 1 8 D8Mit211 52 1,2 15 Tns2 57.29 2
2 D2Mit164 60.69 2 9 DIMit2 20.76 1,2 16 DI6Mit]82 257 1,2
2 D2Mit282 73.59 1,2 9 D9Mit49 3432 1,2 16 DI16Mitl66 214 2
2 D2Mir229 88.99 1,2 9 D9Mitll13 464 1,2 16 D16Mit59 26.86 1,2
3 D3Mit164 201 2 9 D9Mit355 5141 1,2 16 DI16Mit76 38.95 2
3 D3Mir203 10.82 2 9 D9Mir212 59.58 1 16 DI16Mitl52 48.23 1,2
3 D3Mit182 21.73 1,2 10 DI0Mit298 278 2 16 DI6Mitl106 57.68 2
3 D3Mit78 48.81 1,2 10 DI0Mit124 9.75 1,2 17 DI7Mitl35 15.8 1,2
3 D3Mir291 63.05 1,2 10 DI0Mit196 32.28 1,2 17 DI7Mit119 38.15 2
3 D3Mit129 80.49 1,2 10 DI0Mit42 39.72 2 17 DI7Mit93 452 1
4 D4Mit149 2.04 1 10 DIOMit264  45.66-46.68 1,2 17 DI17Mit187 50.17 2
4 D4Mit235 3.57 2 10 DI0Mit233 61.58 2 17 DI7Mit221 59.77 1,2
4 D4Mit172 16.7 2 10 DI10Mir271 7231 1,2 18 DI18Mitl32 11.92 1,2
4 D4Mit139 29.65 1,2 11 DI1IMit226 5.64 1,2 18 D18Mit94 19.97 1
4 D4Mit27 42.13 1,2 11 DI1IMit230 16.15 1,2 18 DI8Mit53 28.28 1,2
4 D4Mit31 50.04 2 11 DI1IMit140 32.13 1,2 18 DI8Mit186 45.63 1,2
4 D4Mitl2 57.76 1,2 11 DI1IMit4 41.87 1,2 18 DI8Mit4 57.33 1,2
4 D4Mitl3 75.67 1,2 11 DI1IMitl79 54.6 1,2 19 DI9Mit60 139 1,2
5 D5Mit346 2.62 1,2 11 DI1IMit199 6548 1,2 19 DI9Mit39 23.68 2
5 D5Mit352 18.4 1,2 11 DIIMit333 71.83 2 19 DI9Mit19 34.08 1,2
5 D5Mit254 30.56 2 11 DIIMit48 82.96 1,2 19 DI9Mit33 51.76 1,2
5 D5Mir201 39.55 1,2 12 DI12Mit209 6.2 1,2 X DXMit123 3.19 2
5 D5Mit338 5323 2 12 DI12Mir243 1571 1,2 X DXMit73 335 1,2
5 D5Mit367 60.43 1 12 DI2Mit36 2643 2 X DXMit38 574 1,2
5 D5Mit370 65.23 2 12 DI2Mit214 37.86 1,2 X DXMit186 76.75 1,2
5 D5Mit376 86.87 1 13 DI3Mit205 3.08 1,2

Table 1. Genotyping markers. B6 (aBC at these three loci for coat color) and ICGN (ABc).
Tyrc (MGI:1855976) is located on Chr 7 (49 cM). Coat color (black or albino) was used for

genotyping of this locus. 1, for the QTL analysis; 2, for the consomic analysis.




peak nearest ICGN B6 resistance
Chr om marker LOD phenotype  yoGNa  /ICGN® allele
2 31 D2Mit369 5.36 tubule 1.0 04 B6™
2 36 D2Mit380 447 Hb (g/dL) 12.6 132 B6°¢
3.58 Ht (%) 43.1 452 B6°
2 51 D2Mit66 241 glomeruli 30.2 259 B6™
2.34 BUN (mg/dL) 38.2 313 B6©
10 64 DI10Mit271 2.27 tubule 0.8 04 B6Y
13 14 D13Mit60 3.49 glomeruli 304 249 B6™
X 67 DXMit186 2.65 tubule 0.8 04 B6M

Table 2. QTL identified for nephropathic traits.
a. Data resent the mean of the phenotype
b. Mann-Whitney’s U test, **, P<0.001; *, P<0.01

c. Student’s T test, P< 0.001



Chapter 2

Comparative analyses between resistant and susceptible murine strains to

tensin2-deficiency

The original paper of this chapter will be submitted for publication, and thus can not be

shown at the time the thesis has been submitted to Hokkaido University.
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SUMMARY

Tns2 is thought to be a component of the cytoskeletal structures linking actin
filaments with focal adhesions and plays a role as an intracellular signal transduction
mediator through integrin in podocytes, and how it functions is unclear. Tns2-null
mutation (7ns2"") leads to massive albuminuria following podocyte foot process
effacement in ICGN mice, the origin of the mutation, and D2 mice, but not in B6 mice
and 129T mice. Elucidating the reasons for these differences in diverse genetic
backgrounds could help unraveling Tns2 function in podocytes. The author
produced the congenic mouse in which Tns2"”" is introgressed into FVB background
(EVB- Tns2"""), and evaluated the progression of kidney disease. FVB-Tns2"" mice
developed albuminuria, renal fibrosis and renal anemia, like ICGN mice. In
FVB-Tns2"" mice, podocyte foot process effacement was observed with an electron
microscope at as early as 4 weeks of age. This revealed that FVB strain is
susceptible to Tns2-deficiency. Then, two resistant strains (B6 and 129T) and three
susceptible strains (D2, FVB and ICGN or ICGN(-)) were subjected to comparative
analyses to elucidate the reasons for the difference in susceptibility to
Tns2-deficiency. Comparative analysis of glomerular gene expression identified
H2-05, major MHC-I antigen canonical splice variant, that was expressed in the
susceptible strains at level >2-fold lower than in the resistant strains. ~Comparative
analysis of nsSNP revealed 4 candidate genes associated with Tns2""-induced
nephropathy, Kif26a, Nes, Btla and Sh3bpl. Among them, mouse Kif26a missense
variant T690I lies within a kinesin motor domain, and the corresponding amino acid

residue of KIF26A is highly conserved among other animals including humans.
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CONCLUSION

ICGN mouse is a spontaneous CKD model mouse with null mutation in 7ns2. Tns2 is a
multidomain protein that binds to P-integrin cytoplasmic tails and tyrosine-phosphorylated
proteins, and considered to mediate integrin-associated signaling cascades. Despite its
ubiquitous expression and predicted function, Tns2-deficiency leads to only alterations of
podocytes. Moreover, this pathology critically depends on genetic backgrounds. While the
Tns2-deficient podocytes of the resistant murine strains remain intact, the susceptible murine
strains with Tns2-deficency, including ICGN mice, develop massive proteinuria, GS and
tubulointerstitial fibrosis following the alteration of podocytes foot processes. These
evidence suggest a novel podocyte-specific function of Tns2 and the presence of the modifier
genes determining the disease phenotype.

In Chapter 1 of this study, backcrossing the resistant B6 mice onto the susceptible ICGN
mice, a genome-wide linkage analysis revealed that the resistance to renal failure induced by
Tns2-deficiency maps to Chr 2. However, the replacement of Chr 2 in a consomic strain
showed that the resistant loci on Chr 2 are insufficient to prevent the alteration of podocyte
foot processes due to Tns2-deficiency, suggesting the presence of the other resistant loci
outside of the introduced Chr 2 region. In Chapter 2 of this study, firstly, congenic analysis
revealed that a FVB strain is susceptible to Tns2-deficiency as well as ICGN and D2 strains.
Secondly, no prominent difference was detected in glomerular gene expression between the
resistant and susceptible strains. Thirdly, searching for missense variants sorted according to
resistant or susceptible strains in podocyte-related genes, Kif26a, Nes, Btla and Sh3bpl were
identified as the candidate genes associated with Tns2""-induced nephropathy by the
prediction tools for functional effects of missense mutation. Each of the candidate genes lies
outside of Chr 2 and considered possible to be involved in the formation and maintenance of

the unique cytoskeleton of podocyte foot processes.
This study verified that the genetic loci on mouse Chr 2 contribute to the difference in the

susceptibility to renal failure induced by Tns2-deficiency, and indicates that the other genetic
loci outside of Chr 2 (2.23-88.99 c¢M) also contribute to the difference in the immediate
susceptibility to Tns2-deficiency, and speculates that Kif26a is the first candidate gene for the
latter contribution and the resistant effects are exhibited by underpinning the skeletal fragility
of the podocyte foot process due to Tns2-deficiency. Further study is required to elucidate

the podocyte-specific function of Tns2 and identify the resistant genes.
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SUMMARY IN JAPANESE

12BN (CKD) IXBREESCEHEIR T AESHENTWDHRETHY | EEROFE
B JREICED 6T, BlgRO TR a2 2ET oEE L L CHEENTHMiEN D, BR
JERIZH E D 72 <, HIEITIER . ARWRICHET L, REHICEBMES 5 WX A TG
WS LE L I HRIEARICE D, REIBARBF I TEIm b 2w TR o
ZTHED, SHICCKDITFERE. mifE, DEERE WS I EERE & BVISfERE 1
DOERICH D, ZNOHEBERBO THEL 52 H5CKDO TRk L ONEHRIT e FMEKEIC
BT OERRHED—>ThH 55, BUEDIRFIEII RN F 2 B0 Br< 2 & ORPER
BIZE > TREBOBITZE L 5721 T BARRRIBIRIEIIRTEHNL S LTV,
—J . CKDORIEFRFYISSEEEIIIAFEENH L Z RO TWD,

ICGN~ ¥ A XICRE~ 7 A DZEIRIERAKIZ Sk L, i Io P> T < OCKDIZER
DHILHEEN EER, BEEm, ) SRt CRERME ER IR 22k o 52
L ORERBERERO LR, SRERIAREELE, BIOMKMEL) 22 1, SRR A
BLID, TDLX D RSN BICGN~ U AXCKDDOET L~ T AL LTHEHTHY
O FERJF RS T IXE NI 3 TRERIR B RGR & O A RS 1T HBL L T D
FUVADRIERTHDH Z ENHALDITR ST WD, T L2037 7 F G &
AT 7Y BHEICHEET DNV T RAL VERETHY  RERIE BRI NT
IR B O SCA 7 7V &0 LI-AIIEN Y 7T ORI G- L TV D ER T
HENTWDN, ZOERERITH O T, ZOKRE (phZEf) 12X > TRERIK |
RN 2 X R CTH D, T LT, ZOnphZBRIZEDZBIE OV
DOBIERRBRIE T T VERRIGE G R 2L 2 5 L HEENE L <B®BKT 2
e b, 7206, nphZERI X DBIEICK L TIRUED ~ 7 2 %6 & &z o
~ U AREDFIET D, 2D X D IR ENE TN D FEICIE, £ ORIERE (&
BLRTHEG LTS Z ENRBEII, D DBEME RZ KT 5 2 &3 EE
LA ORIE, & HITITSREREK ERAIZR T DT v v L 2OREfRIIIC D70 5 &5
X HiLd,

LI TCEPTEIRTITEMBRFEL~ Y 7T 570 Bk Th 5 C57BL/6I
(B6) ~ 7 A LIEZMETH HICGN~ 7 ADF AIEZICGN~ 7 AR LAEL L. nph
EREREIEEONNy 7 7 o 2@ K2 VT, BRI, mMRREESR. RERIEE
= RMERESEZ BB L) ) NEET 21T o7, £ ORR, B0
B TFENEEEICTFG LTSI ERHLNEZRY | 20 AR RIZ B R EME
GFJENTFET D Z LRI ST, HiW T, BOH RO F2YL AR ZICGN~ 7 A (2E
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ALTcary Iy sy R f L Bwii 217> 72, HAROICGN~ 7 X &
L Cary Iy~ RE, BEEMEZRET, JRME L OEEENE L
W, RERIREE CRERIA L RHIIR O & RERIKIR RO JRE) ASHREEIZ 72 0 B HIR
WAL TWD Z &b, F0 R FIEMBEFENFET D 2 ERRE
iz, UL, HUERKE TH HB6KLT297/SvIcl (129T) ~ 7 A\nphZE B %38 A
Lk:yylzy7VWX’%wfi BHIREDO DD ST, SRERIROEM
HEEIXIZIEER CTHH EHEINTNDZ LD, ICGN~ 7 A ZE A ST 525
é%@ﬁﬁ LD HBIEDOB R T TIEAR T TH Y . nphZBRITHF U CRER K LR
HEREZ B W CHEBANZ IR & R T 2 BB s M OIS FET 5 2 & 23R
ENtz, Fl2, Y I v ACBOWTEB SN IZEARITIKAR L LTEETH
DR G, RMEROHEEEITE LEBIN TS Z b, F25 ARk
I L D IEBEDZRILTIZCKDIZ I 1T 2 JRME 3 L O ORHEILIZ X LT T
WA EDIRIE S LT,

F2F TIEFVB/NI (FVB) ¥ U R InphZREBAN L Tca Y=y /7~ A %E
UL OFENT L, FVB~Y U A nphZZ R\ L CTEZMETHH Z 26T Lz, fit
W HPIED~ 7 22% %8 (B6 &L TN29T) & sz D~ 7 Z3%7¢ (DBA/2I X UFFVB,
ICGN) (ZOWTHERIT 21T > 72, £ REKEKDBISFHIUZONT, T—F X
—ANBFIHTE 2B6 & TUD2, FVB~ U ZDRERIKO B T-RIAT —& L. MBI
1T 72B6 X ICGNDIEFESE = o b B — /L RO RERIRDBARFIBLT — & & HW T,
PR & BZERMOMICE N THRIARICENH LB FE2MmE LT, £ LT,
UTIEA LRY AT —BHEPHINT L - TI29T~ U A &2 5 D753 O R ERIK T
BFRBELZFNT L A, HPUERT & MR O CHEZICHBEDEN RO
LA FITMmM ST,

WA SRERAER L B 2 B4 2 AR 2O W T, T —F _N— A D L E#R T — %
EWRMR =T =Y —F T, PR & MR RIC L > THT 6D I A
BUAERERBLIZE A, ISEOBB TR SN, & HICESIFERM A &l
L oTT IV BEROEELTHT 5 Y — /Lo T, 4 DEMEEF BRI S,
HC b MU R OV INEICHE A L C 2N E WAL EE DN B D & SHL TV DHKIF26AD
690F H DT XV BRIIMUNE ISR AT DA MILE L, DO~ U ARFTERE
t%%@bk@@%%?i<%ﬁéhfwko

AHFFEN L0 | EBEIRHTIC K o ORMR S IL72B6~ 7 A 3R D B2 YL A (R O ISk A3
nphZ8 8.2 ;5mr XL TCHRPIME 2" 2 EARE S — 0, SRERIR BRI
BN TEERNCaphZE BTk U THRPIE 2 R THEMR R MU O SEIICAFE T 5 2 &
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DRBENTZ, TLTIAR UV ABROIIZL Y, Kif26a8 51 03F D% —fEfli &
L CHET v, IEHZRKIF26A1XnphZE BAZ X - THEERIIZHETFIZ 72 > T2 SRERIR Rz
BB ZEE 2 TR L TV D O TIER W EHERI STz, RIGREZRRGET 72, & 572
LR METH 5,
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