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Expression of ICAM-1 in the Preserved Rat
Kidney

Nam Ryeol Kim, M.D., Youn Ki Min, M.D., Seok Hyung
Kang, M.D., Jun Won Um, M.D., Min Young Cho MD.,
Jae Bok Lee, M.D., Sang Yong Choi, M.D., Sung Ock
Suh, M.D., Bum Hwan Koo, M.D., Cheung Wung Whang,
M.D. and Suk In Jung, M.D.

Purpose: Prolonged cold ischemia has been shown to be
an important factor in the development of post-transplant
renal dysfunction. The exact mechanisms have not been
completely defined. The expression of ICAM-1 (CD-54) in rat
kidneys stored at 0, 4, 12, 24 and 48 hours in University
of Wisconsin (UW) solution was studied in an attempt to
correlate ischemia time with increased immunogenicity of the
graft.

Methods: Kidneys from male Lewis rats were perfused with
UW solution, removed and bathed in UW solution at 4C
for 4, 12, 24, and 48 hours respectively. For the evaluation
of expression of ICAM-1, immunohistochemical staining,
Western blotting and RT-PCR were performed.

Results: Immunohistochemical staining in normal non-ische-
mic kidneys revealed that glomerular capillaries expressed
ICAM-1 but that tubular cells did not. The preserved kidneys
were analyzed with immunohistochemistry, Western blotting
and semi-quantitative RT-PCR and showed increased trans-
cription and expression of ICAM-1 in the cortex of the
kidney. This expression reached a maximum at 24 hours
and declined at 48 hours. The ICAM-1 protein expression
in the preserved kidney cortex was increased at 4 hours
(1.68+0.60 fold of control kidneys, (p=0.06)), 12 hours (2.38
+0.90 fold, (p=0.02)), 24 hours (3.70+1.29 fold, (p=0.01)),
and 48 hours (2.00+0.54 fold, (p=0.01)). The mRNA expres-
sion (the ratio of ICAM-1/GAPDH) in preserved kidneys cortex
relative to control kidneys was increased at 4 hours (1.19+
0.14 fold of control kidneys), 12 hours (1.38+0.16 fold),
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24 hours (1.77£0.29 fold), and 48 hours (1.19+0.12 fold)
(p<0.05 for all time points).

Conclusion: We conclude that cold preservation of rat
kidneys in UW solution induces increasing levels of ICAM-1
cell surface expression and gene transcription. This increase
in adhesion molecule expression can be a contributing factor
in the development of post-transplant renal dysfunction by
increasing the immunogenicity of the graft. (J Korean Surg
Soc 2001;61:1-7)
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142l ICAM-1 (CD54) immunoglobulin superfamilyol] 4%
o G AE, GIAE ol WPFedlA] FHR
th4,5) AxzeiNG dF53 HArkgol lojA el A
Sl WYL YRS A TS 4G Fo
HgA el ukgolr). 4% adhesion moleculeo]e} E#|+&=
intercelluar adhesion molecule-1 (ICAM-1)3} endothelial leuko-
cyte adhesion molecule-1 (ELAM-1), ZL&]3L vascular cell
adhesion molecule-1 (VCAM-1) £-o] 3012 E.9jo]] =7}
ol rk= Bago] drh(6) ¥ AAlE F44%e
5ol chekdt A5 dovn w3l g4 AR 2kEAl
ol| tubular celloll 4] ICAM-10] Z7}5]E AL H sl 9
(1) ARG RAT B AAE Arbe BEN
912wl ICAM-10] Z7ks}e $g-AlF £4ko] ohd
WAL T AAE ICAML SRS S dle] 27hE
AL 5 ke M Al o] ATE adew
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ol AE3eha Fol A9 Ve THALE vl o
nbA] 3 Qe Aoz Az
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APERS 7 FA LewisH) UAE ASsigon,
HYFEES ULICAA AgHglen, 49 A% F
Ast

ARIZAEE Hol AFEedet A5 F
% A 4A7 BoF AL Azow, WL Metofane
(methoxyflurane, Mallinckrodt Veterinary)& A}-&3}o] w2
B9ich. BRE H9 AR dLES ALle] &5

=
sholch, AZAAE 51 S ANE EEE A ds &
& ol 82 Fol Weeh A% 43l ojEulg 7
A= A4 Slel A5 spge] dEUL ol gatol
UWEHo g 3~52 &3 #iFE slsich & A4 4
Al Z 4°C UWEHd] 4417} 12A]7F, 24A]7F 18] 3L 484

7 Bk A7 BESe

WAz A S fJste] AAG S BF AN
slo] - BE o Z 1} Flo| 4% paraformaldehyde £-oHol|
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H | 30% sucrose £-Hol| 1247} E<QF HZs}9ic)
2 Fol] 75 Wamel 22¢ RakSi WiE =
2 6 pmE WA Fol] FElo] ol FAAIT] el 44
< AFslch WA 3% H0.00 HHSAIA uiARE per-
oxidase?] #ES A AA|7]AL avidind} biotin A £-oH
(Vector Laboratories, Burlingame, CA, USA)& AM-8-3}¢ic}h.
I Fol =AS AA W& H(1 20, Vector)ol] 50E =<l
25°Col|A] v FA At 1 Foll wh$-229] HEE 3 A (anti-

rat ICAM-1 antibody, clone 1A29, Pharmingen, San Diego,
CA, USA)E 1:500.2 ujokA| At 1 F ol biotinylated
horse antimouse antibody (1 : 150, Vector)& o] X}e+x| & 1
A7k E<F 25°Col| 4] HHEAIZ ek L F ol avidin-biotin com-
plex (ABC) immunoperoxidase system (Vector)ol] 304 E<F
B2 2171 Eol] vhAlg 9)slo] diaminobenzenzidine color
development (DAB, Sigma, St. Louis, MO, USA)o]] HF-S-4]
71 = ol hematoxylin® & 30% F<F thzdME &)
SE2F E& A crystal mountZE B}t lEzTFo 2
72 9ko] murine monoclonal antibody (mouse IgG 1K
isotype control, Pharmingen)& o]-&&}o] 3 M-& s} %
43Q] tubulig LulE Aok(x400)ellA] A et

3) Western blotting

AA AAE oA% FA Telsje] 912 248 A
doll Agelsich ¥eld 94 A7k M0 mM
Tris-HCl pH 7.4, 100 mM NaCl, 300 mM sucrose, 1 mM
EDTA, 02 mM phenylmethylsulfonyl fluoride (PMSF), 1
g/ml leupeptin, 1% Triton X-100, 0.2% NaNs)ol] 10 : 1 H]-&
E(vol/wet weight) 42 %] FA] tissue homogenizerE o|&
sto] =2 g A F4lck AA 7 23S 12,000 GollA]
10 & A4Eel & 3t Holl A5AS 2okeh w23k A
Zatol] Qe whlA S o1y] 913k b WHoR =2F S
2718 ] 298250 mM sucrose, 10 mM triethanolamine,
1 g/ml leupeptin, 0.1 mg/ml PMSF)ol|A] Z-9kt). 7+ =2 &
17,000 GollA] 105 Z<F 18|31 200,000 Gol|A] 608 E<F
(Beckman ultracentrifuge with Ti-80 rotor) $4]%5-2]s}¢ic}.
o] plasma membraneo] fro] Eg+E el-g ice-cold buffer
(10 mM Tris-HCI pH 7.4, 100 mM NaCl, 300 mM sucrose,
1 mM EDTA, 0.2 mM PMSF, 1 g/ml leupeptin, 1% Triton
X-100, 02% NaN3)oll 2] A-&-2 AZich & chuizo] A<k
HAE fste] ¥ AR s ol F417] E(Bio-Rad,
Hercules, CA)E #AH&3lo] FAs3ct dolgls &l
AEHHE Y2 Floll 100°CollA] 33 53t 7Hd& &
—75°Col] REs gl A7]9d5L 6% polyacrylamide mini-
gel S o] &3}9ir}t. A 0.1% Coomassie blue R2500 & <3
A sto] child W= E JRPABMAIA F el A
Qslo] AF8-s}9ic}. chulAlS- nitrocellulose membrane (Amer-
sham, Buckinghamshire, UK) 2.2 Bio-Rad transfer7|7-(Bio-
Rad Laboratories, Hercules, CA, USA)E A}-£3)o] A A3}
t}. nitrocellulose membrane-& 5% nonfat dry milkel] HF-&-A
7)1 ICAM-1 monoclonal antibody (Serotec Ltd, Oxford,
UK)ol] 1:2500.2 ¥Hg-A171 Heoll, 1:1,0002.2 antimouse
secondary antibody horseradish peroxidase (Amersham)E Hh-3-
Al Zc) wWodul-2 wl=E enhanced chemiluminescence meth-
od (SuperSignal CL-HRP Substrate System; Pierce, Rockford,
IL, USA)E A&ste] zAslech o|gA 71 3kd W=
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£ Bio-Rad imaging 914 €] w|E] (Hercules, CA, USA)o| &3}
o] A3} s}l thulAo| de novo protein synthesis]A|
2 7Hel7] 9)slo] Cycloheximide 1 mgkg Huto @ =
dslsich Aol F 2 Aulo| = A A S AT
L ookZg AAAE 247 Al F4se}12)

4) RT-PCR

RNA+ R Chomczynski-Sacchi®] 5= wWgol] 2]3)

Fokdch(3,14) 4 AAE AgedlA sde Bzt
RNA £3l|4 buffer (TRIzol) (GIBCO BRL, Grand Island,
NY, USA)E o] §3lo] RNAE F%3}=d] chloroform$
743k & A4 L & slo] Aol 4 F5 isopropanol ¥}
HESAIA <lolZ] A EellA] RNAE Felsigia o] @A
F%% RNAE 260 nm9| FE=ollA] FFFEAR A
elaksieh RNAS] integrity= agarose”d& o]-&-3F 41 7]

o2 2859} 18S ribosomal RNAS 219 c}.

cDNAQ] $+4-2 SuperScript II RT (GIBCO BRL, Grand
Island, NY, USA)E o] &3¢+l ©]&= 0.5 xg oligo (dT)
Primerﬁl} 3ug] AA| RNASHS] vh-g-o 2 AJZfsto] of vl
28 70°CollA] 1037) wjoks} 218 9ol Wrke
7473 % o] MRS E3HE 7,41 (2 41 10X PCR buffer, 2 41 25
mM MgCl,, 10 mM dNTP, 0.1 M DTD)E Z-7}9] RNA &
ol H7hsk 3 42°CollA] 587 wigsldet. Superscript
I RT 200 UL o] HFS E3HEo] H71al & thA] 42°Co
A 5087F wiFsE $ 70°Coll A 1587 7hdst 3 WAE
AlZ1t}. o] 7)ol RNase H 2 unitg& 2 Aol 7}
37°Coﬂ/l1 205-7F wjokS A|Zik GAAL kA Y=

O A|=z3)Aol|A] A|Zs}= control RNAE 313 24 o
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= _,,]o].o:] 22| diethyl pyrocarbonate (DEPC)ZE
11“/] B9 ol gele] F&HE a4 Z o] &t T3}t
A% /l] ogor 7z} xuﬂ RNA«] ool 7+ WhgollA 3 g
o] 51°1°l¢ RT-PCRe] £3}53 & 4 AUk

Rat ICAM-1¢]] tfgt <317] K1°é £-o| AJulA|(Operon
Technologies, Alameda, CA, USA)E Q89 +ul sense
primer?] G744 (5-GGG TTG GAG ACT AAC TGG
A-3)o] 1 antisense primere] A]dL (5-GCA GCG CAG
GAT GAG GTT CTT-3)0] %) t}. Glyceraldehydes-3-phosphate
dehydrogenase (GAPDH)7} ¥+ A4 RT-PCRE 93+ Wi
Nz §ARE A-L5 9t} o] GAPDH sense primer2| A]

£ (5-AAT GCA TCC TGC ACC ACC AA-3)0]iL anti-
sense primer?] A9 (5-ATA CTG TTA CTT ATA CCG
ATG-3)o|qic}h. A A #4 Fol| 5 unit®] Taq polymerase
(Perkin Elmer Co, Norwalk, CT, USA)E o]£3}o] PCR =
g Aselich. A ML 7 ke el 7F 100
plojglom BE =yl T Au1S-2 DNA thermal cycler 480
(Perkin Elmer Co, Norwalk, CT, USA)ol|A] A]g)=]o] At}
94°Col| A 18-7F 303] AZE 60°CollA] 187}, 8|3 72°C

) X

=

oA 157 %)
et
ZZ BA ZFol| Z+ PCR ABAE 15 ul¥ & ethidium bro-
m1d Z A 2lxl 2% agarose A4 A7|AE XA Eels)
3 1 A& Polaroid & -E(Cambridge, MA, USA)2. & &
V“]— T AEAS ¢]slo] Bio-Rad imaging densitometer
(GS-700)2 1wl wi=2 ~A7elelcl. £U3 cDNAR
HE] 2% Hag)¥l [CAM-13} GAPDHo| thgh PCR A4
& BUY A AIAE ADE sl 7 A BE A
o8] HAX-E o7l 13k ICAM-1/GAPDH H|E -8} c}

5)

Z 72°Col|A] 1087F HZ wloks A3}

el

|
o
=%

RE dloJe] H2le} H-A ol Statview (Cricket Software
Inc, Philadelphia, PA, USA)7} o] £%|o]& o pzko] 0.05
wlRkel w) BATeE folefebn Bokich
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ICAM-1& 279 A4e] 83 Wl ATe) i 25
WAE QAR Aol e T=A EIAY g oF
A Z¥ 5 9l ICAM-1 up-regulation EZ% 2172
9 AlaolA LHEASE YA 53] brush
borderol] 4] A|Q 7slA T = ch(Fig. 1) g Az} ¢k
3% twbulif 2uiE AJok(x400)ell A Ald=dl(Fig. 1) 4
AR, 124171, 4417 BE AASIAS] ICAM-T 9h1-S A%
Zrksto] 4817 BE Aol ThA) 245 slekFig. 2).

2) Western blotting

ICAM-1 ©hulA o] western blot ¥4 731} ICAM-19] b
do| 2447 HE AANA = Azke] Aol whal X}

Fig. 1. Immunohistochemical staining. ICAM-1 upregulation was
detected in proximal tubuli after kidney had been preserved
with the greatest staining at the brush border (<400).
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Fig. 2. The ICAM-1 expression (the number of positive tubuli per
high-power visual field) increased in kidneys over 4, 12,
and 24 hours, and decreased at 48 hours.

ICAM-1 protein expression
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Fig. 3. Western blotting of ICAM-1 protein expression. There is

a progressive increase in ICAM-1 protein expression up to
24 hours after which it decreases at 48 hours.

Heow 48417 Aol A kA
= J?LOM He} 4°C UW-gRel] LA7I17F B A
3ol A ICAM-1 g o] whdo] Zrbslgl=d] 4
E Aol t=7-Hul 1.68+0.60), 1247 HE
Alof] 2.3710.908l, 24| 7F K& AJof] 370+ 1.29u), 484] 7+
BEH AL 200105499 Z7+E BYrhFig. 3). o|F
1217}, 24 A1 7}, 48X 7 HEE A S04 EAIFLZE 9n]
J= F7HE B ehp=0.02, p=0.01, p=0.01). o]2]g+ ICAM-

ghile] Z71xl whslo] gl Aol A4 Aol 7 &
AAZ atobiy] Slsto] Al A 247 Aol ¥ 9
72 cycloheximideE FAF3)9) AL o]#]3) %X+ ICAM-

7l ol

—
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Fig. 4. Western blotting of ICAM-1 protein in the presence of
cycloheximide. Rats were injected intraperitoneally with
cycloheximide two hours prior to nephrectomy. This
treatment inhibited the upregulation to the ICAM-1 expres-
sion. The ICAM-1 expression in the preserved kidneys
cortex relative to control kidneys was nearly same at 4
hour (1.15+ 0.25 fold of control kidneys), 12 hours (1.07
+0.23 fold), 24 hours (1.06+0.40 fold), and 48 hours
(0.94+0.81 fold).

ICAM-1
(228bp)

0 4 12 24 48 hour

GAPDH
S emme @Emme @ET o

Fig. 5. The mRNA expression of ICAM-1 in the preserved kidney
cortex relative to control kidneys were increased at each
time point after control with a peak at 24 hours (above).
The mRNA of GAPDH were nearly same with control
kidney (below).

1 B¢l 9] upregulationg < A|s}¢dch(Fig. 4).
3) RT-PCR

W-EHol|2] HEH AAe] 3] ol 4] o] mRNA W&
qu:ﬁ_bl A Aol A B} 4X7H(1.194+0.144Y), 12X]71(1.38
+0.16wY), 24A]7H1.771£0.294Y), 48&|7H(1.19+0.128]) K.
Z5 XA A BE Z71E 9 thp <0.05). Glyceraldehydes-
3-phosphate dehydrogenase (GAPDH)®| Wl=+ BF x4
o] A} ek FY3 AEE Kol FchFig 5). 282
Z 23 cDNAZYE] =% 2|5 ICAM-13} GAPDHol|
i3k PCR A& 5L3 Aol A7|dg A& 3o
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ICAM-1 mRNA expression
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Fig. 6. Semi-quantitative RT-PCR. The mRNA expression (the ratio
of ICAM-1/GAPDH) in the preserved kidney cortex rel-
ative to control kidneys were increased at each time point
after control with a peak at 24 hours.

7t Ay AE Aole] AXE gloly] flste] T8 ICAM-
1/GAPDH H| gt HZxE Azto|lA 2% ZF71Edchp<
0.05)(Fig. 6).
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A A7) 2 = o]+ adhesion molecule BF& 9] up-regulation
FHAA ZF neutrophil®] 23 A 3E FA
F1A ekt skeh.(17,18) 3k o] A A1) A ARk

o ox % [ AT B ro i st 0 10 of o 0 rlf 2
oL (&

(1922) AE oh) AR WS FAT ALFE] A%
2 W2 ol F3} fol4 TAEY TCR% Foigr] 24

fN

W] MHCEA Aolo] EAGol4 S5 i) uhe
olgl= EAE ZEr}. o 7] A] adhesion moleculeEo] o]
gk AR ubg-o W JAeA Fo3d Jd&s sl A
o] wal el W Aol AEe] 4243 TCR G4 4
3289 ¢lA )y} o]# adhesion moleculeSol] &slo] i
MEthar &-9ich.(23) Adhesion moleculeES Al¥] A o &
i FAFe] de 89 A 3]A ol A upregulation
ki sl=d ICAM-1¢] o]&] 414 ]2 29| A A £
S90S AMMAZ D Gk 2 oFH7kA UWE
o|A] Fo] AlAe] B ZEo| o|# adhesion molecule®] HF&
Ao wAE Qaol ot HrHE $Rlen] adhesion
molecule5 ¥} vk Fog7lol] HAAH oy] QIHEo
o4 z7lel Wolrhz A HA 5ol WA + Y= 7
53k o g ool tigh W A7} %18 Folrh
A B Aol tzgat d UWEa) 77 4
AZE, 12A17F, 24A17F, 48A17F HEH AR 3]l
ICAM-1 mRNAS] upregulation¥} ghudZ o] ula]-g <o} W
steh A Ao 3 HIAE, Heukade] Aol A
9} 7HA AlZellA ICAM-1 &g doliy] 9J3te] o]
ICAM-1 Eo] SHEFEFAE o] L3 W=7 3}st o M
= AB1923)3 A3 A7 HESF A +9] Alx
£-3] brush borderol]A] ICAM-1 upregulationo] 7}&}7)|
=k A4 v " Al ARl A ICAM-19]
AF7HA o] dFellA] ko] ghew(11,19,21,25)
15 BRES ICAM-1o] L5l A thol Aol 4
FA5T] 53] ATA 24 oot} 2EMuL 14 ®
Aldgolt Aol WA ZollA] ZhelAl vEebdthn
shoich BE3F mesangiumo|ul AEA] A AlEL A Al
ollAE ICAM-To] W7 Shivha dheh.26)
ICAM-19] F8& 43+ ofg] oh& W 50| His
I =l (6,10,19,22,24) B QAFoA] AAEL W =zF
st QA S o % 40088 ulg Aokell A oY o1
2 AR F5 Aol AdE stk o] Ad HE ¥
24X 7 A = ICAM-19] Whlo] A} F7hslal 48417k o]
Fol= W] st Ao Ehdkon] of7l ICAM.I
W et Sd A 4847 ol Utht: 34
AE sl 7198 Aoz AR A A9 im-
munoblotting 723} 110 KDa2] ICAM-1HI=E Vel =]
o] A% 73t ICAM-1 R welo] 24X\ V1A B4 2
7hsbe ohA] 48417kl ZAAEE e 4 F Uk o)™
S7hH ICAM-1 ghuid o] wigdo] chilzl A4 Aol 9
gk ZARAE gotir] fste] FddAA AR AA Aol
cycloheximideE &7+ Fofslgion] o]= ICAM-1 e
941 2745 LAk ok vlske] mRNAS A el )
Mo Z RT-PCR Wo] < du] AAE I QA o=
Aol 2] €] 22 wio]7} 2 E PCR AbEollA A S
of rehuths A oA AT PCRAA S 7 el
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A A3t 279 A7} vl TeEka v A
o] Al A9 AlgAel ke T F YSBE semi-
quantitative method7} o] £%|¢Jt}. o]# semi-quantitative
methodol] 4]+ housekeeping geneo|t} %, 7|58 o2 &
F mRNAS} 3AE FHAlA] EAZ Q] WA mRNAE
ol So] mRNAS| FhZQl BE 93 EFoE AL
gk 0 8(27-29) ¥ AT AT 24X 7ol H X E Kol
I 48A| 7kl Al 4%+ ICAM-1 mRNA2] W& el
Ack o] Ade ALEE HE FelellA] ICAM-1 o]
mRNAU}L chil A ol 2] BF F7bEl S vbebdich
ICAM-1¢] 35 uk-3-3F W 7|A 9 o8] Fask #Ad
Fod s} (30) Interleukin 1 (IL-1), &3] A1 ZHTNF- @),
interferon (IFN-7) Go| wiFs 3 o] A LellA] ICAM-
18] W& F7MA 7k 3hek.(31) o] = i W A2 2
W] F 29 HAXe TR Jles ke AT
A G AL ICAM-19] 753 =4l i3t A8} T
ol WA HEHAA HERE AolAs o8 A7}
o] proinflammatory molecule®] upregulationg oF7] gt}
A VeErH Az o4 & A 759 o] 43 W
gl FAeA FAE FeAS AFdctstdt agjng
olgl Adtgo] oJe] dF Wk ARl W E 7)ol up-
regulation®] . o] Zlo] o] 4] Ale] z<d 7|5 Aol Al
gz ke TME SIS 5 A& Zlolth % oY
3 Jede FeAS I st B A 2
cheFstAl AR H HE AZE Foll o] AlAel|A] €] ad-
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