HE L GH - HiR43% 2, 20094 R

£11 BLLFHREETOHOIEHE

..45_

1, Prognostic Nutritional Index (PNI)?
PNI(%)=158-(16.6 X ALB)~(0.78 X TSF)~(0.20 X TFN)-(5.8 X DH)
ALB: g7 /L 73> (g/100ml)
TSF: kg = 8HF5FZ TRERHE (mm)
TEN: fir7 27 V> (mg/100ml)
DH: BRI 7 B BT
0: RIS72L
1: <5mmOIEFE
2 ZommOOREEE
PN\1z 50%: high risk
PNI=40-49%: intermediate risk
PN 40%: low risk

2, HE B E T TAREEMFHIfE £ (Nutritional surgical risk index; NRI)”
NRI=10.TALB+0.0039Lymph. Count+0.11Zn-0.044AGE
ALB: MiET7T VT I(g/dD)
Lyvmph, Count: AV 7 SERE(/mm”)
Zn: i & EEN(u g/dD)
AGE: HE#f(years)
NRIE55: high risk
\RI >60: low risk

3, B EBBRE T AHEEIMISEL (nutritional assessment index: NADY
NAI=2.64AC+0.6PA+3.76RBP+0.017TPPD-53.8
AC: RR/E FE(cm)
PA: 777 (mg/dD)
RBP: - F /— V& E B(mg/d)
PPD: PPDEAR (EEXERE (mm’)
NAIZ 60: wood
60> NAl 2 40: intermediate
40 > NAlL: poor

4, StagelV+ V (ViZKASHE) 14 L 328 B & |25t 5PNTY
PNI=10Alb.+0.008Lyvmph. C.
Alb.: MET7 L7 (g d)
Lymph. C.: MY~ Bk (/mm®)
PNI45LL b FHATHE
45>PNI>40: FE—fal&
PNI4OLAT: GIBR- & & &

5, HILZRA BB E |20t T AP\
PNIr=-0.147 X ({K ¥/ £)+0.046 X (A EHE 1)
+0.010 X (ZEEFFER R E 1L)+0.051 X (~/3FFRF L F AR)
PNIF10LL B & BHERRL
PNIr3-10: BB 1TH5
PNIrsski%: SHHERAE
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Clinical Significance of PNI in Infants with Cardiac Surgery

Maki Wakita, Akiko Taniguchi, Megumi Kawawaki
Shoko Mitsuhashi, Sayaka Takigawa. Akiko Kuwabara
Teruyoshi Amagai

The aim of our study was to (1) examine whether PNI, which was originally designed for
adults with colon cancers, can be available for infants who received cardiac surgeries, and
'21 to set the proper criterion of PNI. PNI was calculated respectively with laboratory data
before the operation and was examined clinical significance on outcome index of length of
stay in [CU {LS-ICU) postoperatively. When designating the cut-off value of PNI at 55, 1L.S-
ICU of the low PNI group was statistically and significantly longer than that of the high PNI
group. Therefore when designating the cut-off value of PNI at 55 for infants with 0~18 month,
PNI patients could be expected to have clinical outcome of LS~ICU. There is the possibility
that PNI is a useful clinical index to predict the period of postoperative recovery for cardiac

surgical infants.

PNI, infant, outcome index, cardiac surgery, length of stay in ICU

Mukogawa Women's Univ.
6-46 lkebiraki. Nishinomiya, Hyogo
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LB OMHE OB BIBIMEOT 7 bALTEEE LNV /L2
—LRBIERNIC BT 2 e —

BHE EFE' &0 =¥ I OB
W XY Wi R

KERE (H/A, W/H), HEOEEF PRISMII) BLUFHEBOKE S 7Y
A AKEEE (COD &L LTHEHYLODOPERI LA, SRIZAR 18 BUTOLM
FHBIRE LA H/A WH PRISM I #¥BET 1 2R, 20K (v b+ 7)
fERiFLEFZNU LD ZHN, FHREBORESIZL ) oHE LA 2 BM T COl % LERE
L7z, COTiciz, ICUMEEHE, MEERIH ALHBRBETEMMO 3EELHV.
FORRSEH A HBHRE LA-AR 18I BEUTOLBFREMIBVTE. 1) H/AM
BREELDIOIAEEIVA*ETS, (2) HEOFEEZILCOIERL RV, (3)
PRISM I B L UFHBEROKEINCOl &% n, T LAYBEL.

SL4hIR, Waterlow M, 79 bHLIEE, PRISMI, 7. kU IEF

HEUBIC

AIBOLERBIESN- BT, FHRHETEEE
B O(PND) 2%, 77 bALEEE L TOHEICU
EEARPFUTELT Y b LEEEL2DES
ZEEHRELLY. K, MROFKET LAY
PO L LT s b Waterlow 0 5485
B LTTFREESHASVRELEEERDE
ERPETEHRESNETY VA LOFEEL L
THRATRRZOD, WELRF STV 2V,

FITEHETA L, FRT AR MEEHNR
A7 7+ # A (Clinical Qutcome Indica-
tor . COI) &% higs0%HLMITL2EKT,
RE0~18 7 RO.LRFH 2 TSN BIR %%
& LT, Waterlow 7825, COlE L2 biFap

RENKFRFEERREDEEEER"

BEEY.C L HRAESRRENRY
RENZFRERERERIRET R AR L ER®
EERAEG MM 6-46 (T663-8558)

TEL & FAX : 0798-45-9855

E-mail : mkwakita@mukogawa-u.ac.jp

BHhEBeT LA SHEHETY b AIlBEY
HBABEEZOLNDRBOEEES & UFHEHN
DRES (BHE) ZOoWTHERIC, COl&L
TORUMOFELREIT LA,

MR EHE
1 xR

2007 £ 8 B2 6 20084 4 BETH 9 H AMIC,
EERYC ELRETORFHEHITINS, A
B 18 4 BLLF O RIE 25 61 (B8 18 51, &2 7 #1)
ExiRE L (&'1).

1 HBROBETT T 4 — L (mean zSD)
WEROBET 7 -

n (BIR/&IR) 25 (18/7)
A ( 8) 5.2£6.2
HE (cm) 59.4+14.0
f&E (kg) 5.3¢2.1

FEEHE (HA, %) 99.5£102
kKEZEN (WH, %)  88.0+12.3
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(SRR
(W/H)
T Y
0 ! 1
oo% | - stunting. _ _{__ Normal __ |
i (s#%) (NEE)
80% ; :

2 stunting

wastin
70% [~ &wasting 7 ' €. --

<

S swa (WE®
t i
3 8s% 2 90% 1 9% O SEEELE
(H/8)
1 Waterlow 8 X B ROREBEDSY {7
Gt
2. Hik

WM COL L RIITHENHLIET L
LT 0B REL L OREOEEEIZER
L, ShoedCOlEnvBasbhe®mgLA
TTCOl DL L TIHDICUAE B, O
SER B8 QA LR SEEIEMN, o 3 iEY
7.

oW o

1. HiE1 WETORBIRES COlOPERT &
) BEIBSOME

(1) #5Hio F EEE L (Height for Age - H/A) %
1V ORBBETXYY, F0ER (BT, A
bA 7)) fERmEFNLED 2B TOCOL
DEBEOHEYRI L/

(2) BUMWEBEBEEOREL S5 HADHE
BIUIETTA2ECOBMAPRFTTLBMT, H
BE 17 ABICES L, FOBEEKHE £NLL
LD 2BMO H/A ORERRE AT 72,

(3) FosEl (2) TRkobi HHAPREE
BAHDIETHHELUEOHBOENIZR -
T, FEL Q) BECHy bEZERBEE
MU LDO2BEETOCOIOEEENOHEL R
L7

(4) FERRIC, Wil D16 & &t (Weight for Height |
W/H) # 1 ¥OoERBETCRYY, 200y A
JHEEmEFAULO2EMIIBITACOID
HEEOFEY LEHE L2

s LHROGHEIBRERT Y A LEBEL 2 A

(5) Waterlow 5887 (2L b, &% 4 BiZmT
(H1), TNHABHMTOHOCOIOEEENE
MAMET L7

2. HE?2 WHOBEOEREH COl nEEH
FEADEBLIE,LOBE

(1) §KEF7/-EOHFELHFT /LB
YieFT O —EBO 2SI, 28T COL
H/A, W/HOFEROHMRAIRE L7

(2) MEOWEBOEMEE L COlL L OWEREOH
AR L I TIREEOEEE ORI
Pediatric Risk of Mortality score T (PRISM 1) *
oy IRV

BEHELLTE SHKECELLL

PRISMTI®» A7 % 1 ¥ OoEHKETRYY,
FO2WHMTOCOINHEEDHA R YL
7z,

(3) BHLAZPRSM IO 27 &, ZHBEN
H/A, W/H B LU COl & AR R T K
L7

3. HE3 FHERBOKE X COlDERET
& ) BEDPE»ORE
FHEROKRE S (BRE) 2EXOZ5HEYC

Lh, BEBIEEBO2BCOY, 2BETO

COlDEEEDHEELMF L 72

4. ik 4

EHICH LERERE, REOEEE, FHHFE
DRES (BEE) 1L ->THit 28T Col
HEBE S AGE, TG 2BHORRNGAHE
FUENS LTSN ERSIL FITHEI
~3 OB THEEOHZBHIIBVLT 2HEO
EELRIIHLEMT, COCOIDEEEILY
ZLTwarAREOSLIHHOHE T T 4 —
W, PNIV® 4 it U ERE L 72,

AT L

HiET (D ~4), FFE2 (1), (2) BIUHE
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HE W - R4 %25 2000548 97
22 HANIALTY A LIEBEOLE (meanxSD)
(1) ICUEERAH
) 93 94 a5 96 97 98 100 101 104 108
PTh 11.127.2 11147 4 114275 10.6£7.3 9.7+6.6 10.426.9 11.046.8 12,4272 12.728.3 10.7¢6.9 8,444 5
HA (n=200 (n=19 <(n=18 (n=160 (n=15) {n=13) (n=12) (n=8) (n=7) (n=6  (n=5
wagEn 1230 129 73528 98:58 112571 102468 96468  9.1s63  93:60 102468 108472
{n=5) {(n=86) (n=T) (n=9) (n=10) (n=12) (n=13) (n=16) {n=18) (n=19) (n =20}
7 0.259 0.110 0.055 0.786 0.586 0.937 0616 0.234 0.266 0.875 0.495
(2) WHERAN
vy hATE 92 93 94 95 96 9 98 100 101 104 108
. 5304475 455:297 4675300 4512306 4404314 4582335 4705345 5622350 634.375 5285273 472263
HAREE" (90 (n=19) (n=18) (n=18) (n=15) (n=13 (n=12) (n=9  (n=7)  (n=6  in=5
. 242456  A582776 5112720 5314633 5362507 5034547 4845528 4335484 419:468 4644486  48.2:480
HAGHEE" (5  (h=6) (n=7 (n=9 (n=10 (n=12) (n=13) (n=16) (n=18) (n=19) in=20)
P 0.013 0.761 0.880 0.727 0.655 0.809 0.961 (.493 0.282 0.783 0.967
(3) ALSFREBWSMM (F55)
B bATE 92 93 94 95 96 97 98 100 101 104 108
! " 96.7£106.5 97.2+1084 101.3+1100 98.52109.3 79.02796 8582835 92.4x836 104.3t94.2 98 1+106.5 6R7£785 70.6+88.7
HIAR @ (n=200 (n=19) (n=18) (n=16) (n=15) (n=18 (n=12 (n=9 (n=7  (n=6  (n=§)
o« 4724481 5382460 4964435 66.127563 98.5%124.6 879£1156 81.6+112.9 76.9+101.8 824974 925:104.5 90.9x102.0
WAGHE" "5  (h=6) (n=7 (n=9) (n=100 (n=12) (n=13 (n=16 (n=18) (n=19) (n=20)
5 0.323 0.356 0.106 0,439 0.638 0.969 0.790 9514 0,727 0614 0.689
«H/AR X . HIAnV UL &
HAE MR HANRECER
3 AWM A/HA
AR (M A) 0 1 2 3 4 ki 1

10844119 107.0+12.1 106.2+11.8 103.2+123 101.2+12.1 100.6+11.6 100.5+11.3

L Lo (n=9) (n=100 {n=110) (n=14& (n=17 (n=19) {(n=20)
PREEE [Tl (acin _aotd_inoih ince  (ien (acs
p 0.008 0.010 0.008 0.031 0115 0.161 0.349
* A MR TORAM

Almas ®HAMIYX&VA®H
3 AICBITA 2B OMEIF A ME R, DEF P SIERRALL 72
HEOLZVWtREYBWwA, FoKEL 6) (1 AT OME, COlE LTOMBRERLKI D
BT 4 BMOFKIENREF 21 ANOVA(S H HADH v b 7THZRIIBRELEE
o) 2 Bwis, T, p<0.05 & #EHEm I, MEMFMEEER SO (R/2),
WEEBEDH) EHELS BiEIL mean:SD T — . ICU TE2 A ¥ds & UF A TP 2e4 1 1
gL L7 BT, 3XTOH v b 7ETHEEH DD

Rholz,

Py 3 (2) HHAD A v b+ 716% 0. 1, 2. 3B &L

1 R 1 MAOERRBIREDL COlDEERFL
LN BAEDPEIORFORKE

(1) i s h7: H/A OR{IKfEIZ 86.1. Rt
1254 Thot:. FITIOREELREEY
&1 86~126 DEEHTHEI L. ZZTH v b
T 7ENLUTEBLUI09L1id, W&REHS
Blskith & L7 CHEMBDITA R e, &H

TEHBEDA, FORBKRGOMK L Zo iR
FOBDO2HEMTOHAILEEEYDD (B
3).

(3) KEMESDROOLNEDLER 4 H HERLL L
DORTRIZIBE L H/ABIDT ™+ 4 LigHE
D REIRE 21T o 72

TLHbLHADH v b+ 7l %,

-

<.

37 R
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BEG . AHROGEERET » b LIRS h

®a4 WHWCALTY M LAHEEOLY (mean+SD)
(1) ICUTER B

By b7 79 80 81 82 84 87 89 92 100
. 10.327.0 10.6£7.1 10.346.7 9.826.7 96+£7.0 9.8+7 56 10.0:7.9 10.6¢8.2 9.647.3
HIABRE" (18 (n=17 (n=14) (n=13) (n=12) (n=10) (n=9 (n=8 (n=5)

. 82875  B7868 98577 104276 106472  103:65 101265 98464  10.2470
HIABE®™ ("6 (h=g (n=9 (n=100 (n=11) (n=13) (n=14) (n=15) (n=18

r 0.754 0.571 0.868 0.854 0.726 0.866 0.963 0.793 0.864

(2) WHRERAK

Ny kAR 79 80 81 82 84 87 89 92 100

. 3091288 4032296 40.1232.% 8758310 8894328 42.06954 4465365 4735381 3844253
WASEE"  ('_18) (n=17 (n=18 (n=18 (n=12) (n=100 (n=9) (n=8  {(n=5)
. 4568297 4358270 4274230 450239 435:24.0 4054232 38.0423.0 3794226 41.94209
HAEEE® (5 (=@ (n=9 {(n=100 (n=11) {(n=13) (n=14) (n=~15) (n=18)

¥4 0.701 0.818 0.841 0.493 0.706 0.901 0.664 0.463 0.814

(3) ALPFFRBERMRM (B50)

wy bATHE 19 80 81 82 84 87 89 92 100
e 06421003 99331068 88:813 7608735 7152728 6764716 120805 71908835 54.0:331
HIAKHL (n=18 (o=17 {n=14 (n=13) (an=12) (n=10) {n=9 (n=8)  (n=8)
» 67.2495.4 64.04856.7 92.12131.6 105.8+131.4 110.4£125.6 107.2£116.1 101.1+113.8 96.04111.5 100,1x111.7
HAGHAR™ (5 (n=¢) (n=9 (n=10) (n=11) (n=138) (n=14) (n=15) (n=18)
P 0.579 0.476 0.941 0.626 0.369 0.366 0.526 0.710 0.142

A WHEES WHRRREL L
WHERRE . WHARAR RSN

FT5 NI SB WH SWEOAEHOTY M AEEOLE (mean

+SD)
N s WHt swat
7O b AR (n=14) {n=3) (n=4) (n=2)
ICUBER A (8) 11.1x7.7 8.3+8.6 10.3+8.2 5.54¢0.7
B E S (/) 44.3£31.3 21.7+3.8 51.3=31.0 280x7.1

ATRERBEENM (F:if) 108.8+118.3  55.065.1 78.3£106.4 355177

FEERL

TOEMEZHLBHATEEENRD LN
H/A=92 L L7-%B& AE3HMALTOES
PRuZz1NACBTRARERBBICER
ErxBohhorl (WEERDIHR H/AKE
# vs H/A & {EBE=260+70vs323%133, p=
0470). T2 bbH/AI FERMHFE LG
REFREHBITINALDEDCOI L L TiEH
BTawIErHLIPER ST

4) BHaN/ WHORKMIZ701, BHHER
1204 THot:, FITINLREME - BREHE
PRGEREBRICE L L 12 70~121 2 RER
BIZBREL, CORBLsERBET1 TR0,
FOBRKMEE Ay A 7HEELA RIIZD
Hy b TEOZOMEFRMGE F OB LD 2 FF

{25, 2 BEM T 3 #EME OO COI % HBURE L 7.
RBELIZTHYy bA7MI7UTH L0104
PG ENFIHREA 5 FIkm & D% < HEt
WMEBHFTR Ve, SEOBE» ORI L 7.
FO#HFE, COlDIHEJTRTIIBVWT2H
MTHEERRDOL o7 (R4,
(5) N8, S8, Wi SWHOABENMTCOI®
HBARES 2 1T o 7246 %, 4 M T COL Iz id#rat
ENHEEIRD Lo/ (RE).

2. BR?2 WHHOREOEEED COl DHER
FLahiBr20Er0RHOKR

(1) F7/—¥OBFEIZLIHV DT 28MT

COl HABLUWHZZ BRI LAEE
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AHERY - FH4B25 2010448

®Be FT/ —YOHENPLRLZTY M LBED
H#& (meantSD)

FT /YR EFT ) -VH
n=14 n=1} ¥

ICUEXRAY (A7) 9.0£5.2 11.6+8.2 0.291
EREAS (B) 45.1251.4 51.62345  0.720
ATOERIBPERIAN (B5M) 56.1245.7 125951317  0.119
H/A(%) 98.129.9 101.3¢11.2  0.462

W/H(%) 94.2¢12.8 81.249.1 0.009

7 PRSMIORAITHICRATY M HLEBEOR
# (mean=SD)

PRISMII
79 b H LA S0@=1 >0G=13 P
ICUEZB&(E) 6.9£2.0 12.648.1 0.028
#igERB (B) 32.9420.1  61.4#566  0.116
ALORIEISWHERSAD (B¥M)  43.3229.7  109.0+¢120.1 0.082
PRISMI
7o b LEN S1G=8 >1k=12 7
ICUEX B &(R) 7.642.8 12.6+8.4 0.080
WREREK (8) 31.3x19.1  64.8+£56.6 0.078
ATSRBEAF RN (BHM))  57.42484  105.0£1246 0.250
7 b Ll PRISMI »
S3 (=14  >3(n=6)
ICUEZ S ¥(8) 8.946.4 145295  0.110

46.2+51.0 63.5+40.3 0.472
72.4%100.2 117.6x1086 0379

WEERBY (B)
ALFERBE R (RN

W/HICEBEZEL#HO: (R6).
FOMOBBIIIFEEEL RO LD o2,
(2) HAOPRISMI A2 7% 1 ¥ODOBHIET
Xe1h, 2O¥EBMEXRMGEENLLED 2 BICH
Rue Pz, CO28HETCOl ¥ LBURET L 7.
HBNMRBHSBIRBE R BNy b F 7EIHK
FHERENT R 2V, SRR S

o L7
Rt OKER HATOPRISM I A 27405
NBEL1HANEOBO2BMTOMAICU EE
HEICHEEENT (&7). ¥4%b5 PRISM
DA77 18U EDOBCHEICICUEZAE
NRP-7:.

(3) PRSMIDAZITE, HEIOH/A WHSB
LU COID3IDDEEOMMBAREES IR
3.

FOKE PRSMIORO7 & ICUEZAH
L OMIZAAMBFAMES Sz, FRLUNDIE
BTHAHH/A WHEBIUNKEREE A

%8 PRISM I L DHMEHEK

WA WH ICUBEBE AkiErom Mpiie”
= 0,022 -0.028 0.447 4.330 0.289
p= n.s. nas. 0.048 n.s. ns.

£O FHBBOKSIGYALTY M HLERD
8 (mean +SD)

FHROKE A
Ty I
77 bn LN BEE (=16) GEM @=9)
ICUEZ B (8) 10.8+7.0 94264 0.650
WEERAB K (8) 60.6+50.5 256x12.4 0.017

79.5£86.8 99.7£120.0 0665

ATPFR AR ERMM (B5H)

10 H/A=92 kik# Di#os#krao74+-0

(mean t SD)

HA <92 925 P

n (BR/ZR) 3 (8/0) 20 (137) :
Bl (A 6.4£6.5 5.06.5 0.659
&% (cmi 59.546.7 61.4£10.7 0.711
#®R (kg) 5.0+1.4 5.4%2.3 0.689
HREHL (WA, % 88.3%1.5 102.3+9.8 <0001
EEARE (WH, %) 86.7x12.7 88.4:12.8 0.792

PRISMII 3.0+4.2 34235 0.857

FHOKES KE/RE(%) 206 (33.3) 14190737 00719
PNI 55.847.4 60.3£15.6 0539

TR E RN & OMIZIIEBME T 20 &
Y AR

3. HR3 FHRBOKE S COlDKBRTF
ERDBEILBHIOREOER

EEROFBICLY, HRLEEREBEND 2
Biiad, COlmLBIRF 2o/ EO/R,
FHRVBOKS S L COlLE LTOWNBRERER
EOMIZHEFHAEEZ RO (RS, p=
0.017). —7%. FHEBOKRI 2L ICULEERHK
BIUATHRFERHM L OMICHEZEL D
Aol

4. #R4
(1) FEI3OBRHTHEEROBRIEEED
WA-H/AW v b4 792 TO2EMIZHL T,
B 707 14—V PNLERET L. ZORE,
/ABEREGERO2EMIEEETAD
hro?z (& 10),
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#£11 FHEBOKISHHEHAETOT 41— )b (mean

*SD)

BEoyEY HAER BER p

n (BR/&R) 16 (11/6) 9 (712) -
Al (7B 4.9%7.3 5.9£4.7 0.711
& (cm) 59.8+10.9 63.2¢7.9 0.418
K (kg 5.2+2.4 5.6£1.6 0.705
sFEEME (HA, % 10222117 94.845.4 0.042
A gBLL (WH, % 9092134 83.6x10.1 0.179
PRISMT 3.9+4.0 2.0+2.0 0.299
PNI 57.9:141  62.215.1 0.487

(2) BRI EEZONALEEOFEILL LEE
B OBERO2BMTOEEKTOT 4 -0,
PNI O BET 247~ 7z

FORKEHAICEREEZTROLN, £1L
WoBEBBWTIIEEZRRD D72 (R
11).

ER

WRICEBREE)H L BETIE, BUBHHEDE
MR RREREDOERENS TR ERm®RT
F o ADTBALE A B AL, BFIZSVRMER T F R
EERETEARA Y M ELT, FHRETEEREEN
BEINTVLYY

—ECHETLAA Y METI)EBNIL, AES
REBERIZRETLIHEE (VAT OFNA)
ATBELHUL, FEDLIERDRELEET
HIkEvizd, ThabLTFERHEY -VOER
DV EDIERTLAAL DA LT
R BROEERENDT LA A Y FEITHIL
X, REBENHLEFTHL, IS5
AZESNIE L, &) T FEET K~ bR
L, W77 M h AR RESLLIDILEETSH
5.

fEREIN. NEOFREEEDREL LTHREZ
N 7: Waterlow 27313, HAFAETH 2 £
BB KEZLLICTELTWwAY". Waterlow
i DBREZB VT, (a) normal (B 1 DN ),
(b) malnourished but not retarded (B 1 & W ).
(¢) malnourished and retarded (B 1 > SW &),
(d) retarded but not malnourished. (& 1 @ S 8)

BES  HPHBROSEERETY b LERE 2SS

DADDHFTT) —IIFFTBY. ZThom)
5, —fgMich T Y — (b)) BREEOKER
EryiL, F07T)— (¢) BEIBHOXR
BELRTEINTES,

SEFE4IL, PNEOKEREOEETHL H/
A. W/H 1 L U Waterlow D3 EAMHOT 7 b
HOEIEL R DB DIRE L7

FOER CEBFEHNALDE (HE0-187 A7)
ZH&E LT, WHHMTIE, wihohy b
F 7 BVTHSELRIR L7277 b AR,
Tbb ICUEERH WEERA% AL
WEEHMICEEERRO ol Lo
T, WRLNFBRBEOHEREL LTHRILE
WCTHRSILTAL ZOREBEL. SEONR
BIIBLTIETY M LATFRREL R DBV
Lviz b,

—%, H/ADH v A 7ETH T2 2 M T,
T ALEEE L TONBERBBCEEEY
For:, LrLIITHLTBBBICEEZRE
BENZVIRD, RAERES O EHM T EE
EREL L TOHAMRBRY, LizdoTH
HHEHOIE TIIEBIREY H/ADIEL <
ROBE LW ATREMEARIR & hie

K1 (2) R SHoHRICEVTIR
FEARIHAMBENLIE, 3SHTREZET
HBZEFERLTVBEEZLNA VPR D
EHEBIABUTONRIZBWTIR, ERHVS
NTWBHAILL > TIIHAERRHOILIBHRE
FEREMHETEY, LAV THROEERES
RELTHEBREDHL I EIRENLZODEEZ
Liha,

F7 ) —Y¥ORFMWZLh T2 BT, F
T —VEEEFT - EHELN, FEICW/
HAEd» o7, TIGIEER, 577 -k
BEZEIEETLLEORAOTFRIIKTLILO
Thol:, ThbbLLEbGRIONREICE
Wik, FT7//—EOFEFFERRKBICEELYS
ZTWhWhnEEZ LN

SEOMET T, ICUEZEHEME PRISM I A

—200—



AR LRS- ¥R K25 W00F4A

- 101 -

#12 PRISMIERHEHOEFAIT

i aHlE

HH

P302
BUN
T R—=VA
PaCO,
Plt
R FEHA T
PT (PTT)
pH
TLTF=

)

GHA3T %
24 36.4
15 227

8 12.1
5 7.6
4 6.1
3 4.5
3 4.5
2 3.0
2 3.0
66 100

213 AHROZBENTED H/A, WHBRBIUF7/—+ PRISMI, FHEBOKEZELTY

FMIAFROEEZOEE
_ FHBBOKE S
H/A WH F7 ) ¥ PRISMII (M09 8)
ICUEZE8 & (B) X X X (o] x
wikERak (8) x x x x o
ALRBBERNM (B5M) x x x x x

O HBBHY(p<005). x: HBHLL

a7 tOMICHEMMES SN, PRISMI ¥ %
¥itikH v bA 7MEICEREL, #0h v b+ 71E
UFEFERIDEO2BETHREL: Z0O/&R
Ay b 7EEOWCRELALEDAR RaTH
1 U EOBTICUEZEHEPERICE o/

SITAATFI1LULEDEE (n=13) T, PRISM
MO—ALrOBEENAIT7OAEOMAICHS L
roBETAENT, A7 1 AULEOEROE
AAT7ThRBE L. AaT1HMEOLES 13
BIOPRISMII D 17THENEAIT %, HEH
L, BHEEBICEEILAL 2 A, PaO, At
£2377D364%. BUNVEAITD27%.
TRV ARELATTDIRI% TH o2 (&
12). ¥%bbIN63BEBEDA2T7 TEHEDA
AT7TDON%EEHOTW wadz bk 17THE
HHPRISMIDHLHOINDIEEHN, SEHD.L
EROBERZEENL LI LAREEN
2. SAOHMRIIBYWTIIPRISMIAIT %%
BT s I 3EE W, (LAMEERE Bk
ME EHERA2THH, WThLLOALBE

EHETAERTH ). SRIONRFERMEIE
Db Lz,

LY LHSEICRY 25 570, WIERZER
YT, SROILLAEFORKIIL LM
HPLETHS ).

— 5 BEOFTRIILIFHEBROKE S (B
M) X, HROERERL TR LEELLS
TTREME SR S 407,

Pk, RHRNERE I LD (F13).

FAE3VBUTOLEREEFT LRI
LT, REROREBEBLHAVTREEEL S
BRESTDH)A7DHEHEHN (XB/IIBVTR, R
12 "7y MY AZEST LS ETFRAIT A
EETER, LD GEYR/NBRAXERET &
AAY MNEBORREVEREEZONL

413

1) BHAZE Z0OEF IRBEED  JURIBITSFR
HEXRIBY (PND OB#£IIMY 5B —LRTEN
BIROBE—. SHFL U - 5343 (2) 1 39-47, 2000

—201—



- 102 -

o

3

=

4)

S

&

Waterlow JC : Classification and Definition of Protein-
Calorie Malnutrition. Br Med ] 3 : 566-569, 1972
Waterlow JC : Note on the assessment and classifica-
tion of protein-energy malnutrition in children. Lancet
14 : 87-89, 1973

Pollack MM, Patel KM, Ruttimann UE : PRISM 1I : An
updated Pediatric Risk of Mortality score. Crit Care
Med 24 (5) : 743-752, 1996

By BRELBAHY (AR, WK
BASH WiEHEEES INSTOLOOBRERT
7Ly ME4ERR - FERAOKR! R WHE
2009, p68-74

) NEFSRBECR, LRSI, WETAR  SagelV -V (V

HRBH) HEBBOEGERE  HEFHIHT2
TPN Ot & IR, B4L&355 85 1001-1005, 1984

BRES  ADROFKERETY

-

8

fad

9

10)

Raust

m

—202—

S AR BB

Buzby GP, Mullen JL, Matthews DC et al : Prognostic
nutritional index in gastrointestinal surgery. Am J Surg
139 : 160-167, 1980

EHEK  EREEOREFMIIMT 5 BRAOT %
RMERERBOHZI L 2B EHERETRRED
{Es. Boh &3k 83 66-77, 1982

BEFEA  REBBEORBFMWICMT 2 EREKOTR
—% D F RIS (nutritional assessment index :
NAD OBz T. B4 456 84 ¢ 1031-1041, 1983
HEORBE, KEEDZ HRENE BRI BT %%
TeAA s b BRERIFFR 35 . 373-377, 1987

#EEE# © Mini Nutritional Assessment (MNAY) —#&
BEOT I FALERLLTOXRRNEEE BERE
% 114 (6) : 627-636, 2009



AE LM K44 %28 2010648 - 103 -

Waterlow’s Nutritional Indices are not Outcome Indica-
tors in Infantile Patients Undergoing Cardiac Surgery

Maki Wakita, Akiko Taniguchi. Megumi Kawawaki,
Mio Matsuoka, Teruyoshi Amagai

The aim of our study was to examine whether clinical outcome indicators, which include
the length of stay in the ICU, postoperative hospital days (POH), and fhe respiratory man-
agement duration, were compared with the Warerlow classification, PRISM I and the stress
intensity of the operation. When setting a cut off value of H/A at 92, POH was statistically
longer in the high H/A group than in low the H/A group. However, there is the possibility
that H/A might not reflect nutritional status in small infants. So, H/A was examined by divid-
ing the patients into two groups : a younger and older group divided by months of age. The
result was that H/A did not differ in infants older than 3 months. However, POH was signifi-
cant different when the two were divided into subsets : mild and severe, according to the
stress intensity of the operation. From our results, it was concluded that nutritional indices
(H/A, W/H) should not be utilized as outcome indicators in infants undergoing cardiac sur-

gery.

Infants, Waterlow classification, Outcome Index, PRISM M, At risk

Mukogawa Women's University.
Nishinomiya, Hyogo
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An N-Glycosylation Site on the 3-Propeller Domain of the Integrin
a5 Subunit Plays Key Roles in Both Its Function and Site-specific
Modification by 31,4-N-Acetylglucosaminyltransferase III*
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Recently we reported that N-glycans on the B-propeller
domain of the integrin a5 subunit (S-3,4,5) are essential for
o581 heterodimerization, expression, and cell adhesion. Herein
to further investigate which N-glycosylation site is the most
importaht for the biological function and regulation, we charac-
terized the $-3,4,5 mutants in detail. We found that site-4 is a
key site that can be specifically modified by N-acetylglucosami-
nyltransferase III (GnT-III). The introduction of bisecting Glc-
NAcinto the §-3,4,5 mutant catalyzed by GnT-11I decreased cell
adhesion and migration on fibronectin, whereas overexpression
of N-acetylglucosaminyltransferase V (GnT-V) promoted cell
migration. The phenomenon is similar to previous observations
that the functions of the wild-type a5 subunit were positively
and negatively regulated by GnT-V and GnT-IlI], respectively,
suggesting that the a5 subunit could be duplicated by the S-3,4,5
mutant. Interestingly GnT-III specifically modified the S-4,5
mutant but not the S-3,5 mutant, This result was confirmed by
erythroagglutinating phytohemagglutinin lectin blot analysis.
The reduction in cell adhesion was consistently observed in the
S-4,5 mutant but not in the S-3,5 mutant cells. Furthermore
mutation of site-4 alone resulted in a substantial decrease in
erythroagglutinating phytohemagglutinin lectin staining and
suppression of cell spread induced by GnT-III compared with
that of either the site-3 single mutant or wild-type &5. These
results, taken together, strongly suggest that N-glycosylation of
site-4 on the 5 subunit is the most important site for its biolog-
ical functions. To our knowledge, this is the first demonstration
that site-specific modification of N-glycans by a glycosyltrans-
ferase results in functional regulation.

Glycosylation is a crucial post-translational modification of
most sccreted and cell surface proteins (1). Glycosylation is

* This work was supported in part by Core Research for Evolutional Science
and Technology; the Japan Science and Technology Agency; the “Aca-
demic Frontier” Project for Private Universities from the Ministry of Educa-
tion, Culture, Sports, Science and Technology of Japan; the core to core
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involved in a variety of physiological and pathological events,
including cell growth, migration, differentiation, and tumor
invasion. It is well known that glycans play important roles in
cell-cell communication, intracellular signal transduction, pro-
tein folding, and stability (2, 3).

Integrins comprise a family of receptors that are important
for cell adhesion, The major function of integrins is to connect
cells to the extracellular matrix, activate intracellular signaling
pathways, and regulate cytoskeletal formation (4). Integrin
ab51 is well known as a fibronectin (FN)? receptor. The inter-
action between integrin &5 and FN is essential for cell migra-
tion, cell survival, and development (5-8). In addition, inte-
grins are N-glycan carrier proteins. For example, 5831 integrin
contains 14 and 12 putative N-glycosylation sites on the o5 and
B1 subunits, respectively. Several studies suggest that N-glyco-
sylation is essential for functional integrin a581. When human
fibroblasts were cultured in the presence of 1-deoxymannojiri-
mycin, which prevents N-linked oligosaccharide processing,
immature «581 integrin appeared on the cell surface, and FN-
dependent adhesion was greatly reduced (9). Treatment of
purified integrin «581 with N-glycosidase F, which cleaves
between the innermost N-acetylglucosamine (GlcNAc) and
asparagine N-glycan residues of N-linked glycoproteins, pre-
vented the inherent association between subunits and blocked
a5p1 binding to FN (10).

A growing body of evidence indicates that the presence of the
appropriate oligosaccharide can modulate integrin activation.
N-Acetylglucosaminyltransferase III (GnT-1II) catalyzes the
addition of GIcNAc to mannose that is 1,4-linked to an under-
lying N-acetylglucosamine, producing what is known as a
“bisecting” GlcNAc linkage as shown in Fig, 1B, GnT-111 is gen-
erally regarded as a key glycosyltransferase in N-glycan biosyn-
thetic pathways and contributes to inhibition of metastasis. The
introduction of a bisecting GlcNAc catalyzed by GnT-111 sup-
presses additional processing and elongation of N-glycans.

% The abbreviations used are: FN, fibronectin; BSA, bovine serum albumin;
E4-PHA, erythroagglutinating phytohemagglutinin; GFP, green fluores-
cent protein; GlcNAc, N-acetylglucosamine; GnT-Ill, N-acetylglucosaminyl-
transferase lli; GnT-V, N-acetylglucosaminyltransferase V; L4-PHA, leukoag-
glutinating phytohemagglutinin; CHO, Chinese hamster ovary; DMEM,
Dulbecco’s modified Eagle’s medium; RT-CES, real time cell electronic
sensing; WT, wild type; POMT, protein O-mannosyitransferase.
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N-Glycosylation Site-4 on 5 Is Important for Its Function

These reactions, which are catalyzed in vitro by other glyco-
syltransferases, such as N-acetylglucosaminyltransferase V
(GnT-V), which catalyzes the formation of 81,6 GlcNAc
branching structures (Fig. 1B) and plays important roles in
tumor metastasis, do not proceed because the enzymes cannot
utilize the bisected N-glycans as a substrate. Introduction of the
bisecting GIcNAc to integrin a5 by overexpression of GnT-III
resulted in decreased in ligand binding and down-regulation of
cell adhesion and migration (11-13). Contrary to the functions
of GnT-I11, overexpression of GnT-V promoted integrin a5p31-
mediated cell migration on FN (14). These observations clearly
demonstrate that the alteration of N-glycan structure affected
the biological functions of integrin «581. Similarly character-
ization of the carbohydrate moieties in integrin a3p1 from
non-metastatic and metastatic human melanoma cell lines
showed that expression of 81,6 GlcNAc branched structures
was higher in metastatic cells compared with non-metastatic
cells, confirming the notion that the 81,6 GlcNAc branched
structure confers invasive and metastatic properties to cancer
cells. In fact, Partridge et al. (15) reported that GnT-V-modified
N-glycans containing poly-N-acetyllactosamine, the preferred
ligand for galectin-3, on surface receptors oppose their consti-
tutive endocytosis, promoting intracellular signaling and con-
sequently cell migration and tumor metastasis.

In addition, sialylation on the non-reducing terminus of
N-glycans of a5B1 integrin plays an important role in cell adhe-
sion. Colon adenocarcinomas express elevated levels of «2,6
sialylation and increased activity of ST6Gall sialyltransferase.
Elevated ST6Gall positively correlated with metastasis and
poor survival. Therefore, ST6Gall-mediated hypersialylation
likely plays a role in colorectal tumor invasion (16, 17). In fact,
oncogenic ras up-regulated ST6Gall and, in turn, increased sia-
lylation of B1 integrin adhesion receptors in colon epithelial
cells (18). However, this is not always the case. The expression
of hyposialylated integrin 581 was induced by phorbol ester-
stimulated differentiation in myeloid cells in which the expres-
sion of the ST6Gall was down-regulated by the treatment,
increasing FN binding (19). A similar phenomenon was also
observed in hematopoictic or other epithelial cells. In thesc
cells, the increased sialylation of the B1 integrin subunit was
correlated with reduced adhesiveness and metastatic potential
(20-22). In contrast, the enzymatic removal of «2,8-linked oli-
gosialic acids from the 5 integrin subunit inhibited cell adhe-
sion to FN (23). Collectively these findings suggest that the
interaction of integrin 5831 with FN is dependent on its N-gly-
cosylation and the processing status of N-glycans.

Becausc integrin 581 contains multipotential N-glycosyla-
tion sites, it is important to determine the sites that are crucial
for its biological function and regulation. Recently we found
that N-glycans on the B-propeller domain (sites 3, 4, and 5) of
the integrin 5 subunit are essential for @581 heterodimeriza-
tion, cell surface expression, and biological function (24). In this
study, to further investigate the underlying molecular mecha-
nism of GnT-1iI-regulated biological functions, we character-
ized the N-glycans on the a5 subunit in detail using genetic and
biochemical approaches and found that site-4 is a key site that
can be specifically modified by GnT-II1L.

11874 JOURNAL OF BIOLOGICAL CHEMISTRY

EXPERIMENTAL PROCEDURES

Reagents and Antibodies—A monoclonal antibody against
human integrin &5 subunit (clonel) for Western blot analysis
was obtained from BD Biosciences. For immunoprecipitation,
the agarose-conjugated anti-green fluorescent protein (GFP)
antibody (RQ2) was obtained from Medical & Biological Labo-
ratories Co. Ltd. (Nagoya, Japan). Peroxidase-conjugated anti-
mouse IgG was obtained from Cell Signaling Technology, Inc.
(Danvers, MA)., A VECTASTAIN ABC kit was purchased from
Vector Laboratories, Inc. (Burlingame, CA). Antibodies against
GnT-1II (33A8) and GnT-V (24B11) were obtained from
FUJIREBIO Inc. (Tokyo, Japan). Biotinylated erythroaggluti-
nating phytohemagglutinin (E4-PHA), biotinylated leukoag-
glutinating phytohemagglutinin (L4-PHA), and biotinylated
Datura stramonium lectin were purchased from Seikagaku
Corp. (Tokyo, Japan). For fluorescence-activated cell sorting
analysis, mouse anti-human a5p1 integrin monoclonal anti-
body (HAS5, MAB1999) was purchased from Chemicon
{Temecula, CA).

Cells and Cell Culture—The integrin a5 subunit-deficient
CHO K1 cell line (CHO-B2) was a gift from Dr. Rudolf Juliano
(School of Medicine, University of North Carolina, Chapel Hill,
NC) (25). The CHO-B2 stable expression cells containing var-
ious integrin a5 with altered N-glycosylation sites were estab-
lished in our laboratory (24). As shown in Fig. 14, wild type
(WT) indicates CHO-B2 expressing wild-type (full N-glycosy-
lation sites) integrin o5; S-3,4,5, $-3,5, and S-4,5 show that all
N-glycosylation sites were removed with site-directed
mutagenesis except the indicated sites; and D-3 or D-4 repre-
sent single mutations at the indicated site. A HeLa cell line was
purchased from RIKEN BioResource Center (Tsukuba, Japan).
The stable expression of S-3,5 and S-4,5 mutants in HeLa cells
was obtained by viral expression vector as mentioned below.
These mutants and cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) (Invitrogen) supplemented with 10%
fetal bovine serum, non-essential amino acids (Invitrogen),
penicillin (100 units/ml), and streptomycin (100 ug/ml)
(Nacalai Tesque, Inc., Kyoto, Japan) under a humidified atmo-
sphere containing 5% CO,.

GnT-IIl, GnT-V, and a5 Mutant (S-3,5 and 5-4,5) Expression
with Viral Vectors—The cDNAs encoding human GnT-III and
GnT-V were amplified for cloning into pENTR-D-Topo for the
Gateway Conversion System (Invitrogen) according to the
manufacturer’s protocol. The cloned genes were inserted into
the virus expression vector, pPBABE-puro (Addgene, Inc. Cam-
bridge, MA), accommodated into the Gateway Conversion Sys-
tem using LR Clonase reaction. The GnT-IIl and GnT-V con-
structs were transfected into Phoenix-Ampho cells with
Lipofectamine 2000 (Invitrogen) for production of viral super-
natants. The various a5 integrin mutants were infected with the
resulting viral supernatant containing 10 ug/ml Polybrene (Sig-
ma-Aldrich) and selected with 13 ug/ml puromycin for 2
weeks. In the case of Hela cells expressing S-3,5 and $-4,5
mutants, after virus infection the infected cells were selected
with 2.5 pg/ml puromycin. For mock transfection, the same
protocol was performed using the empty virus expression vec-
tor only.
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N-Glycosylation Site-4 on a5 Is Important for Its Function

Cell Adhesion Assay Using 96-well Plate—96-well plates
(Corning Inc.) were coated with 3 ug/ml FN at 37 °Cfor 1 hand
blocked with 1% bovine serum albumin (BSA) in DMEM at
37 °Cfor 1 h. The cells were detached with trypsin containing 1
mM EDTA, resuspended with 0.5 mg/ml trypsin inhibitor
(Nacalai Tesque, Inc.) in DMEM. The suspended cells were
centrifuged at 1,000 rpm for 3 min and diluted to 4 X 10° or 8 X
10° cells/ml with assay medium, 0.1% BSA in DMEM. One hun-
dred-microliter aliquots of cell suspension were added to each
well, and the plates were incubated at 37 °C for 20--25 min.
After incubation, attached cells were fixed with 25% glutaralde-
hyde (Nacalai Tesque, Inc.) and stained with 0.5% crystal violet.
The absorbance at 590 nm was measured using an automated
microtiter plate spectrometer, Powerscan® HT (Dainippon
Sumitomo Pharma Co., Ltd. Osaka, Japan) operated with
Microplate Data Analysis Software, KC4™ (BioTek Instru-
ments, Inc.,, Winooski, VT). Cell spreading assays were per-
formed as described previously (12, 24). After a 20-min incuba-
tion, representative fields were observed using phase-contrast
microscopy, and spread cells were counted. The rounded cells
were not considered as spread cells.

Cell Adhesion Kinetics Assay Using the Real Time Cell Elec-
tronic Sensing (RT-CES"™) System—The cell adhesion kinetics
assay was performed using a RT-CES system (ACEA Bio-
sciences, Inc.) (26). Briefly ACEA Biosciences, Inc. electrosens-
ing 16-well plates were coated with 50 ul of 10 ug/ml FN
(Sigma) at 37°C for 1 h and then blocked with 1% BSA in
DMEM at 37 °C for 1 h. The cells were detached with trypsin
containing 1 mm EDTA and resuspended with 0.5 mg/ml tryp-
sin inhibitor (Nacalai Tesque, Inc.) in DMEM. The suspended
cells were centrifuged at 1,000 X g for 3 min and diluted to 1 X
10° or 8 X 10° cells/ml with assay medium (0.1% BSA in
DMEM). Fifty-microliter aliquots of the cell suspension were
added to each well, and the assay was performed using RT-CES
SP software. The program was set up such that the cell index
was measured every 2 min for 3 h.

Cell Migration—Transwells (BD BioCoat™ Control Inserts,
8.0-um inserts; BD Biosciences) were coated only on the bot-
tom side with 10 ug/ml FN at 37 °C for 1 h. Cells were starved in
serum-free medium for 4 h, trypsinized, and suspended with 0.5
mg/ml trypsin inhibitor (Nacalai Tesque, Inc.) in DMEM. Sus-
pended cells were centrifuged, and supernatants were removed.
The cell pellets were resuspended with assay medium (0.1%
BSA in DMEM containing 1% fetal bovine serum) and diluted
to 4 X 10° cells/ml. One hundred-microliter aliquots of the cell
suspension were added to each FN-coated Transwell; the cells
were then incubated at 37 °C for 3 h. After incubation, cells on
the upper side were removed by scraping with a cotton swab.
The membranes in the Transwells were fixed with 4%
paraformaldehyde and stained with 0.5% crystal violet for 30
min. Cells that had migrated to the lower side were counted
using a phase-contrast microscope.

Immunoprecipitation, Western Blot, and Lectin Blot—Sub-
confluent cells were washed with phosphate-buffered saline
twice and lysed with ice-cold lysis buffer (1% Triton in Tris-
buffered saline containing protease inhibitor mixture (Nacalai
Tesque, Inc.)). The cell lysates were centrifuged at 15,000 X g
for 10 min at 4 °C. The supernatants were obtained, and protein

ALV N

MAY 1, 2009-VOLUME 284-NUMBER 18

concentrations were determined using a BCA™ Protcin Assay
kit (Pierce). Equal amounts of protein were incubated with 10
ml of agarose-conjugated anti-GFP antibody and 15 ul of
Sepharose™ 4B at 4 °C for 1 h. The immunocomplexes were
washed twice with ice-cold lysis buffer, then were eluted with
SDS sample buffer, and boiled for 5 min. The immunoprecipi-
tates were subjected to 6.0 or 7.5% SDS-PAGE and then were
transferred to nitrocellulose membranes. The membranes were
blocked with 5% nonfat milk or 5% BSA in Tris-buffered saline
for Western blot and lectin blot, respectively. After blocking,
the membranes were incubated with either primary antibody or
lectin for 1 h. For Western blot, membranes were incubated
with the secondary antibody conjugated with peroxidase for
1 h, and the immunoreactive proteins were visualized using an
ECL kit (GE Healthcare). For lectin blot, the lectin-binding pro-
teins were detected usinga VECTASTAIN ABC kit and an ECL
kit.

Flow Cytometry—Flow cytometry was performed as de-
scribed previously (24). Briefly cells were detached by trypsiniz-
ing and incubated with mouse anti-human 581 integrin
monoclonal antibody (HA5) followed by Alexa Fluor 647 anti-
mouse IgG. Negative controls underwent the same procedure
without primary antibody. The analyses were performed using
a FACSCalibur instrument (BD Biosciences) equipped with
CELLQuestPro software.

RESULTS

Comparison of N-Glycosylation Patterns on §-3,4,5 a5 Sub-
unit Mutant in GnT-IlI and GnT-V Transfectants—N-Glyco-
sylation is essential for integrin a5B1 heterodimer formation
and therefore plays an important role in the biological function
of integrin. GnT-IlI-modified integrin a581 decreased cell
adhesion and cell migration on FN (12). In contrast to GnT-II,
GnT-V specifically modified only the 81 subunit and up-regu-
lated integrin a581-mediated cell migration (14). Recently we
found that three N-glycosylation sites, sites 3, 4, and 5 from the
N terminus of the a5 subunit, were essential for the biological
functions of integrin, such as cell adhesion and migration on FN
and heterodimerization.

The purpose of the present study was to determine whether
the S-3,4,5 mutant, which contained only three potential N-gly-
cosylation sites (i.e. sites 3, 4, and 5), had characteristics similar
to those of the wild-type a5 subunit, such as modification by
GnT-1II and GnT-V as described above. Various a5 subunit
mutants were used in this study as shown in Fig. 1A. First the
expression levels of GnT-IIl and GnT-V in §-3,4,5 mutant cells
that had been transfected with a retrovirus system were exam-
ined by Western blotting (Fig. 24). Their products were
detected by E4-PHA lectin, which specifically recognizes
bisecting GlcNAc, and by L4-PHA lectin, which selectively rec-
ognizes B1,6-branching GlcNAc, blots (Fig. 2B) (27, 28). As
expected, bands corresponding to GnT-1II and GnT-V as well
as lectin reactivities of E4-PHA and L4-PHA were increased in
the GnT-III and GnT-V transfectants, respectively (Fig. 2, A
and B). Equal amounts of protein (20 ug) were loaded in each
lane, and a-tubulin was used as the loading control. Next we
immunoprecipitated a5 and detected N-glycans using E4-PHA
and L4-PHA lectin blotting (Fig. 2C). The E4-PHA reactivities

JOURNAL OF BIOLOGICAL CHEMISTRY 11875

—207—

0102 'L Aoy uo "AjIsIaAUN SUBWON emeBONN Je B0 aql'mmm WoJ) papeojumoq



N-Glycosylation Site-4 on a5 Is Important for Its Function

A ™ Cytoplasmic
-propel Thi Calf-1,2 GFP
p-propeller igh 4l

1 A 4 h 4 h 4 A 3
WT [ Y .
A A A A A AAA A
Y b 4 b A 4
$-345 C . Y g T ]
A A M A A AR A
x b 4 x X
835 C i M LA\ 11 ]
aA A M A XA AL a~
S-45 Y X XX T ]
Shxxx XX XXX
h 4 A 4 Yy v
D-3 | 11T )
A A X AA AAA A
D4 ( X Y Yy Y 1T ]
A A A A A AAA A

A Potential N-glycosylation site X N — Qmutation

Uop Asn
uor - §> -0
N
0“1
Asn
Sz,
vor-E4
1 B : N-acetyiglucosamine uDP
Q: Mannose

FIGURE 1. Potential N-glycosylation sites on the o5 subunit and its mod-
ification by GnT-lll and GnT-V, A, schematic diagram of potential N-glyco-
sylation sites on the &5 subunit. Putative N-glycosylation sites are indicated
by triangles, and point mutations are indicated by crosses (N84Q, N182Q,
N297Q, N307Q, N316Q, N524Q, N530Q, N593Q, N609Q, N675Q, N712Q,
N724Q,N773Q, and N868Q). 8, illustration of the reaction catalyzed by GnT-lll
and GnT-V. Square, GIcNAG; circle, mannose. TM, transmembrane domain.

Asn

were much stronger in GnT-lII transfectants than those in
mock or GnT-V transfectants. This result indicates that both
the a5 and B1 subunits are targets of GnT-IIL In contrast,
results of L4-PHA lectin staining indicated that only the 1
subunit could be modified by GnT-V, consistent with a previ-
ous study (14). The rcactivitics of D, stramonium lectin, which
preferentially reacts with branched sugar chains (more than
triantennary) (29), consistently showed a significant increase in
the 1 subunit of GnT-V transfectants. A significant decrease
in the a5 subunit of the GnT-III transfectants further supports
the notion that introduction of GnT-III suppresses additional
processing and branching formation of N-glycans catalyzed by
other endogenous glycosyltransferases, such as GnT-V and
GnT-1V. Although it is not clear whether the modification lev-
els of branched N-glycans on a5 subunits were enhanced in
GnT-V transfectants compared with the levels in mock trans-
fectants, it could be argued that intrinsic GnT-V-mediated gly-
cosylation is enough for occupation of some N-glycosylation
sites on the a5 subunit, which may be specifically and exclu-
sively modified by GnT-V.

Effects of GnT-1ll and GnT-V on Integrin-mediated Cell
Adhesion and Migration in S-3,4,5 Transfectants—It is well
known that wild-type integrin a5B1-mediated cell migration
can be positively and negatively regulated by GnT-V and GnT-
III, respectively. Therefore, we determined whether modifica-
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FIGURE 2. Comparison of N-glycosylation patterns on a5 subunits modi-
fied by GnT-llf and GnT-V. GnT-lll and GnT-V expression vectors were trans-
fected into $-3,4,5 cells using the Phoenix retrovirus system, and stable
expression cells were established as described under “Experimental Proce-
dures.” Confluent cells were harvested and lysed for immunoblotting (/B).
Equal amounts of protein {20 ug) were separated by 7.5% SDS-PAGE under
reducing conditions, and the membranes were probed with antibodies
against GnT-lll (A, upper panel) and GnT-V (B, upper panel) or with the E4-PHA
(A, middle panels) and L4-PHA lectins (B, middle panels) and reprobed with
anti-a-tubulin, which was used as loading control (A and B, lower panels).
Asterisks indicate nonspecific staining for E4-PHA or L4-PHA. C, cell lysates
were subjected to immunoprecipitation (IP) using agarose-conjugated anti-
GFP antibody. The immunoprecipitates were subjected to 6.0% SDS-PAGE
under non-reducing conditions, blotted, and probed with E4-PHA, L4-PHA,
ang D. stramonium (DSA) lectins or probed with antibody against the a5
subunit.

tions of $-3,4,5 mutants could mimic wild-type a5 to affect its
biological functions, such as cell adhesion and cell migration.
Asshown in Fig. 34, cell adhesion on FN was down-regulated in
GnT-1II transfectants compared with mock and GnT-V trans-
fectants, The cell adhesion kinetics assay using RT-CES also
showed the same tendency (Fig. 3B). On the other hand, cell
migration was determined using the Transwell assay as
described under “Experimental Procedures.” Interestingly
overexpression of GnT-II significantly inhibited cell migration
on FN, whereas GnT-V promoted cell migration relative to the
mock transfectants (Fig. 3C). These results, taken together, sug-
gest that the a5 subunit could be duplicated by the $-3,4,5
mutant. The up-regulation of cell migration in GnT-V trans-
fectants could be ascribed to the N-glycans of the 81 subunit
modified by GnT-V.

To determine whether overexpression of GnT-IIl or GnT-V
affected integrin a5B31 expression on the cell surface, we per-
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FIGURE 3. Effects of overexpression of GnT-Hl and GnT-V on FN-mediated cell adhesion and migration in 5-3,4,5 mutants. A, subconfluent cells were
detached, and 40,000 cells were added to the 96-well plates coated with 3 g/ml FN for the cell adhesion assay. The plates were incubated at 37 °C for 20 min
and then washed twice with warmed phosphate-buffered saline to remove non-adherent cells. The adherent cells were fixed with 25% glutaraldehyde and
stained with 0.5% crystal violet, and then the absorbance at 590 nm was measured. The bars represent the S.D. 8, cell adhesion kinetics assay using the RT-CES
system, Subconfluent cells were detached, and 10,000 cells were applied to wells of an electrosensing plate coated with 10 ug/ml FN. The device was operated
with RT-CES SP software. The cell index represents the extent of cell adhesion. The bars represent the S.D. C, cell migration toward FN was determined using the
Transwell assay as described under “Experimental Procedures.” Cells that migrated were stained with 0.5% crystal violet and counted under a microscope. The
bars represent the 5.D. A representative example is shown in the right panel. D, subconfluent cells were detached and labeled with primary antibody (mouse
anti-human VLAS antibody, HAS5) for 30 min onice. The labeled cells were washed with ice-cold phosphate-buffered saline and then incubated with Alexa Fluor
647 goat anti-mouse IgG for 30 min on ice. The expression levels of a5 integrin on the cell surface were measured using a FACSCalibur instrument (BD
Biosciences). Negative controls were not treated with the primary antibody but underwent all other procedures.

formed fluorescence-activated cell sorting analysis using anti  among the three cell types, indicating that the functional alter-
a5B1 integrin antibody. As shown in Fig. 3D, there were no  ations shown in Fig. 3 were due to N-glycosylation of the inte-
significant differences in the levels of cell surface expression grin modified by GnT-11l or GnT-V.
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FIGURE 4. Comparison of effects of GnT-1ll on N-glycosylation and cell adhesion between $-3,5 and $-4,5 mutants, A, GnT-lll was expressed in 5-3,5 and
S-4,5 mutants, and stable expression cells were established as described under “Experimental Procedures.” The expression levels of GnT-llil were detected with
an antibody against GnT-lL. B, confluent cells were lysed and then subjected to immunoprecipitation (IP) using an'agarose-conjugated antibody against GFP.
The immunoprecipitates were subjected to 6.0% SDS-PAGE under non-reducing conditions, blotted, probed with E4-PHA (right panel), and then reprobed with
antibody against the a5 subunit (left panel). C, the cell adhesion assay was carried out as described above (Fig. 3A). The bars represent the S.D. D, the cell
adhesion kinetics assay using the RT-CES system was the same as that described in Fig. 38. Subconfluent cells were detached, and 40,000 cells were added to
the wells. The cell index reflects the extent of cell adhesion. The bars represent the S.D. E, the 5-3,5 and 5-4,5 expression vectors were transfected into Hela cells
using the Phoenix retrovirus system and selected with puromycin as described under “Experimental Procedures.” The cells were lysed, and the cell lysates (2
mg) were then subjected to immunoprecipitation using an agarose-conjugated antibody against GFP. The immunoprecipitates were subjected to 6.0%
SDS-PAGE under non-reducing conditions, blotted, probed with E4-PHA (upper panel), and then reprobed with antibody against the «5 subunit (lower panel).

IB, immunobilot; LB, lectin blot.

GnuT-1II Selectively Modifies N-Glycosylation Site-4 on the a5
Subunit—As described above, the characteristics of the S-3,4,5
mutant are similar to those of wild-type a5. We therefore deter-
mined whether GnT-III could specifically modify the N-glyco-
sylation sitc among site-3, site-4, and site-5. Because the N-gly-
cosylation site-5 is essential for its expression on_the cell
surface, the mutant did not exhibit biological function such as
cell adhesion (24). Thus, we chose the S-3,5 and S-4,5 mutants
for use in further studies.

First GnT-III was overexpressed in both transfectants. The
expression levels of GnT-111 were almost the same in 5-3,5 as in
S-4,5 transfectants, which were examined by Western blot
using anti-GnT-I1I antibody (Fig. 44). It is of particular interest
that the mutant $-4,5, but not the S-3,5 mutant, was clearly
detected using E4-PHA lectin blot. The intensity of the lectin
staining was comparable to that of S-3,4,5 (Fig. 4B). Thesc
results, taken together, suggest that site-3 may not be modified
by GnT-III. Because introduction of bisecting GleNAc into the
a5 subunit down-regulates cell adhesion as described above, we
checked whether this phenomenon occurred in these mutants.
Overexpression of GnT-1Il in 5-4,5 cells consistently inhibited

11878 JOURNAL OF BIOLOGICAL CHEMISTRY

cell adhesion on FN, whereas the inhibition of cell adhesion was
not observed in S-3,5 cells overexpressing GnT-11I (Fig. 4, Cand
D). 1t should be noted that cell adhesion activities of the §-3,5
mutant was similar to that of S-4,5 mutant because CHO-B2
cells do not express cnough endogenous GnT-1IH to modify
integrin as shown in Fig. 2.

To confirm whether the site-specific modification also hap-
pens in endogenous conditions, we introduced the §-3,5 and
S-4,5 mutants into HeLa cells that express a relatively higher
level of endogenous GnT-II1 to examine the products of GnT-
11 as confirmed by E4-PHA lectin blot. Consistent with the
results of overexpressing GnT-III, the E4-PHA lectin staining
was clearly detected in $-4,5 but not in S-3,5 a5 subunit trans-
fectants (Fig. 4E). Taken together, these results strongly suggest
that GnT-III may specifically modify site-4 on the a5 subunit,
which down-regulates its biological functions.

To further elucidate the importance of site-4 for GnT-1II
modification, we compared the E4-PHA staining patterns of
WT with single mutants, such as site-3 (D-3) or site-4 (D-4), as
shown in Fig. 14. These three expression plasmids were co-
transfected with GnT-1II, and the a5 integrins were immuno-
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p<0.05

L] =

that integrin activity can be regu-
lated by other mechanisms, such
as posttranscriptional meodifica-
tion, N-glycosylation. Altered inte-
grin glycosylation has been associated
with tumorigenesis, autoimmune dis-
ease, chronic inflammation, and cell

DJAN

adhesion events (11, 30). In particu-
lar, N-glycosylation of the integrin
a5 and B1 subunits appears to be
important for both structure and

function. It has been reported that
Tl Mock _ GnT-Hil N-glycosylation of both the a5 and
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FIGURE 5. Comparison of GnT-1ll modification among wild-type (WT), site-3 (D-3) and site-4 (D-4) dele-
tion mutants. GnT-llf was expressed in WT and D-3 and D-4 deletion mutants, and stable expression cells were
established as described under “Experimental Procedures.” The expression levels of the GnT-ill and GnT-lil
products in total cell lysates were detected with antibodies against GnT-lll (A, upper panel) and a-tubulin to
ensure equal loading (A, lower panel), respectively. B, the cell lysates were subjected to immunoprecipitation
(IPy using an agarose-conjugated antibody against GFP. The immunoprecipitates were separated by 6.0%
SDS-PAGE under non-reducing conditions. The membrane blot was probed with E4-PHA lectin and then was
reprobed with an antibody against the a5 subunit. The ratio of E4-PHA to total a5 staining in WT cells was set
equal to 1.0. G, the percentages of spread cells were quantified and expressed as the mean = S.D. from three
independent experiments. The bars represent S.D. The rounded cells were not considered as spread cells. The
ratio of spread cells versus total cells (~300 cells) of WT transfectants was set as 100.

precipitated using an anti-GFP antibody. As shown in Fig. 54,
there were no significant differences in the GnT-III expression
levels among the three transfectants. The intensity of E4-PHA
staining in D-3 cells was less than that in WT cells, but they
were comparable. However, the intensity of E4-PHA stainingin
D-4 cells was substantially less than that in WT or D-3 cells (Fig.
5B). The ratios of E4-PHA staining versus total a5 staining puri-
fied from WT, D-3, and D-4 cells were 1.0, 0.6, and 0.2, respec-
tively. Furthermore to directly examine the effects of GnT-1I1
on site-4 for cell adhesion, we compared cell spreading of the
D-4 mutant with WT of a5 integrin. As expected, GnT-III sig-
nificantly down-regulated cell spreading on FN in WT trans-
fectants, whereas the deletion of site-4 abolished the suppres-
sion of cell spread induced by GnT-1IT in D-4 transfectants (Fig.
5C). Taken together, these results clearly show that N-glycosy-
lation of site-4 is critical and effective for GnT-1II modification.

DISCUSSION

In the present study, we intensively investigated the effects of
N-glycosylation on the B-propeller of the integrin a5 subunit
on its biological functions such as cell adhesion and cell migra-
tion and found that site-4 is essential and effective for GnT-II1
modification among 14 potential N-glycosylation sites. To our
knowledge, this is the first report to clearly demonstrate that a
glycosyltransferase of N-glycosylation can specifically modify
an N-glycosylation site among multiple potential sites and
effectively regulate its biological functions.

Integrins can be activated by inside-out signaling mecha-
nisms that trigger global conformational changes, which
ultimately modulate integrin-ligand affinity. It is apparent

pCETON
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Gn
WT

D4 B1 subunits is necessary for a581
heterodimerization and its binding
to FN. Moreover changes in integrin
glycan composition, resulting from
forced expression of selected glyco-
syltransferases, ie “remodeling,”
reportedly modulate integrin func-
tions as described above. However,
most of these earlier studies exam-
ined only total changes without
individual information. Therefore,
the exact molecular mechanisms
by which N-glycosylation of site(s)
or glycan(s) occurs remain
unknown. Recently we used site-
directed mutagenesis to determine that N-glycosylation
site-5 on the B-propeller plays an important role in the
assembly of the integrin for its expression on the cell surface
(24). These observations prompted us to determine whether
there are specific N-glycosylation sites that regulate its bio-
logical functions. Here we clearly showed that site-4 is a key
N-glycosylation site for the biological function of @5 subunit
that is effectively modified by GnT-III. Taken together these
results indicate that individual N-glycosylation sites may
have unique functions.

Although the molecular mechanism by which bisecting Glc-
NAc is introduced into site-4, inhibiting its biological function,
remain unknown, we speculate that the effect of altered glyco-
sylation of site-4 may be related to conformational changes in
the key functional regions of the 8-propeller domain of the a5
subunit that are critical for integrin activation. In fact, the
B-propeller domain has been postulated to be required for
effective interaction between a51 integrin and its ligand (31).
In contrast, the crystal structure of integrin «VB3 has been
successfully determined, and the main contact between the aV
and £33 subunits is the 8-propeller on the @ and A domain on 83
with hydrophobic, ionic, and mixed contacts (32, 33). Because
the a5 subunit has 47% homology to aV, Mould et al. (34) made
ahomologous modeling structure of @581, Based on the model,
the a5 subunit seems to be surrounded by N-glycans, explain-
ing the dissociation of the af heterodimer that occurs when
a5B1 is deglycosylated by treatment with peptide-N-glycosi-
dase F or removal of N-glycans on the B-propeller. Very
recently, Liu et a/. (35) used a molecular modeling approach to
study the effects of altered glycosylation on the I-like domain of
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the 81 subunit, which is the partner of the B-propeller of the «
subunit. These researchers found that o2,6 sialic acid affected
the interactions between N-glycans and the I-like domain,
which in turn altered the accessibility of the loop that deter-
mines specificity of ligand binding. In fact, the remodeling of
N-glycans by GnT-III affects either the branching formations
catalyzed by GnT-V and GnT-IV or the sialylation on the ter-
minus of the N-glycans (11, 36). Therefore, a possible mecha-
nism by which N-glycans are involved in the af interaction or
conformational arrangement is that an unknown lectin domain
may exist on the a or B subunit. The lectin domain of «MB2
integrin is associated with GIcNAc on the non-reducing termi-
nus of sugar chains on platelets, facilitating their phagocytosis
(37, 38). These studies further support the observation that
modification of bisecting GlcNAc on site-4 of the B-propeller
may be critical for the regulation of its biological functions,
which may shed light on the structural studies.

Itis of interest to understand why GnT-1II specifically and
effectively modifies site-4 of the 14 putative N-glycosylation
sites. There is currently no detailed information available
regarding this observation, but several explanations have
been proposed. First, N-glycosylation occurs on site-4 because
it provides the easiest access for GnT-IIL Because the integrin
a5 crystal structure is currently unavailable this hypothesis
cannot be proven. Second, GnT-III may associate with some
other molecules, which define the specificities for protein or
peptide substrates. Reportedly protein O-mannosyltransferase
1 (POMT1) and its homolog POMT?2 are responsible for cata-
lyzing the first step in O-mannosyl glycan, which is important
for muscle and brain development (39). Interestingly Manya et
al. (40) reported that formation of a POMT1-POMT2 complex
is essential for POMT activity. Only two peptides derived from
the mucin domain of a-dystroglycan are highly O-mannosy-
lated by POMT, but no O-mannosylation occurs in mucin tan-
dem repeat peptides (41). Similarly complex formation is also
important for T-synthase (core 1 B1,3-galactosyl transferase)
activity. Ju et al. (42, 43) reported that Tn syndrome, a rare
autoimmune disease, in which subpopulations of blood cells of
all lineages carry an incompletely glycosylated membrane gly-
coprotein, known as the Tn antigen, is associated with a
somatic mutation in Cosmic, a gene on the X chromosome that
encodes a molecular “chaperone” that is required for the proper
folding and hence full activity of T-synthase. Indeed it has been
reported that caveolin-1 may co-localize with GnT-III to regu-
late -its localization and activity (44). Those results, taken
together, suggest that glycosyltransferase complex formation
may play a crucial role in determination of both activity and
substrate specificity. The detailed molecular mechanism
requires further study.

This study specifically focused on N-glycosylation of the
integrin 5 subunit. To fully understand the effects of the
N-glycans on integrin structure and function, it will be neces-
sary, in future studies, to investigate the interaction of glycans
with glycans or peptides of integrin. The current study also has
implications for engineering a5 that contains the glycans nec-
essary for its activation that may facilitate the study of its crystal
structure.
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