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Optimizing microarray in experimental hypertension.

Background. Genetic noise between outbred animals can po-
tentially be a major confounder in the use of microarray tech-
nology for gene expression profiling. The study of paired or-
gans from the same animal offers an alternative approach (e.g.,
for studies of the kidney in experimental hypertension). The
present study was undertaken to determine the level of genetic
noise between outbred adult Sprague-Dawley (SD) rats, and to
determine the effects of unilateral nephrectomy on changes in
gene expression as a basis for the design of microarray studies
in experimental hypertension.

Methods. Male SD rats (approximately 130 g) were acclima-
tized before measurement of tail-cuff systolic blood pressure
(SBP) for 6 control days and 4 days of saline treatment. Left
kidney nephrectomy was performed, and the tissue snap-frozen
in liquid nitrogen for subsequent RNA extraction. Two weeks
later, SBP was measured over 4 control and 8 saline treatment
days, and the remaining right kidney removed and frozen. To-
tal RNA purification, preparation of cRNA, hybridization, and
scanning of the Rat U34A Affymetrix arrays were performed,
and data analyzed using MASS5 software Affymetrix Suite (v5),
Bioconductor, as well as statistical methods motivated by rele-
vant simulations.

Results. Gene expression profiles in the left control kidney
were extremely consistent across animals. The expression pro-
files of pairs of kidneys from the same animal were, however,
more similar than those of kidneys from different animals.
Nephrectomy had little effect on the gene expression profiles
in the time frame examined.

Conclusion. Despite the outbred nature of the rats used in this
study, they are useful for gene expression profiling comparisons.
The use of paired organs from an individual animal ensures
even further genetic identity, allowing determination of genes
modified by the treatment of interest.

‘For gene hunting in hypertension the kidney is an
ideal choice as several elegant transplantation experi-
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ments showed that hypertension always travels with the
kidney’ [1].

Microarray technology allows assessment of gene ex-
pression in a variety of physiologic, pathologic, and ex-
perimental conditions. However, a potential drawback of
the use of this technique is the lack of genetic identity be-
tween the outbred animals used in many of these studies.
Thus, in analyzing microarray data in physiologic exper-
iments, it may be difficult to distinguish specific changes
in gene expression from noise due to genetic variabil-
ity. Thus, there is a need to understand the level of vari-
ability in gene expression profiles for outbred rats used
in hypertension studies. One way of dealing with this
problem is to use the animal as its own control, and the
kidney, as a paired organ, is ideal in this regard. How-
ever, any experimental protocol using paired kidneys
must take into account the possible changes produced by
nephrectomy.

This study was undertaken to determine the effects of
both genetic variability and nephrectomy in the adult out-
bred Sprague-Dawley rat on changes in gene expression
in the kidney as a basis for the design of microarray stud-
ies in experimental hypertension.

METHODS
Experimental animals and design

Eight male Sprague-Dawley rats (~130 g body weight;
Animal Resource Centre, WA, Australia) were housed
in a room with constant temperature (21-23°C), with a
12-hour alternating light dark cycle (700-1900 hour), and
given free access to a commercial rodent diet and tap
water. Two rats were studied in each of 4 identical exper-
iments. After an acclimatization period of 1-week hold-
ing and 1-week adaptation, systolic blood pressure (SBP)
measurements (tail-cuff) and weights were recorded on
alternate days for 6 control days and 4 treatment days
[saline, daily 1 mL/kg SC or heparinized saline solution
(10 TU/mL) at 5 uL/hr via an osmotic mini-pump (Alza
Corp., Palo Alto, CA, USA)]. Left (L) nephrectomy was
performed on treatment day 4 on the 8 animals, and
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Table 1. Experimental design for control left kidneys and
nephrectomy right kidneys

Experiment Sample name Treatment
1 L1 Control rat 1

L2 Control rat 2

R2 Nephrectomy rat 2
2 L3 Control rat 3

L4 Control rat 4

R4 Nephrectomy rat 4
3 L5 Control rat 5

L6 Control rat 6

R6 Nephrectomy rat 6
4 L7 Control rat 7

L8 Control rat 8

RS Nephrectomy rat 8

the kidney snap-frozen in liquid nitrogen for subsequent
RNA extraction. These kidney samples are referred to
as L1-L8. The rats were then allowed to recover for 2
weeks. After this recovery period, SBP and weight were
measured on alternate days for 4 days control, and then
over 8 days of saline treatment as above. At sacrifice,
the right (R) kidney was removed from rats 2, 4, 6, and
8, weighed, and snap-frozen and referred to as R2, R4,
R6, and R8 (Table 1). Kidneys were stored at —70°C.
Rats 1-6 were housed at The Australian National Univer-
sity, and rats 7 and 8 were housed at Monash University.
The Animal Experimental Ethics Committees from the
Australian National University (JHB.01.99 & JHB.08.01)
and Monash University (PHYS 2002/09) approved these
studies.

RNA isolation, preparation of cRNA, and gene chip
hybridization

Total RNA was extracted from each of the kidneys us-
ing Tri-Reagent (T-9424; Sigma, St. Louis, MO, USA),
and further purified using the RNeasy spin column kit
(74104; Qiagen, Hilden, Germany). The integrity of the
RNA was assessed by analysis on 1.2% formaldehyde-
agarose gels. Preparation of cRNA, hybridization, and
scanning of the Test3 arrays and Rat U34A arrays
were performed according to the manufacturer’s proto-
col (Affymetrix, Santa Clara, CA, USA). Briefly, double-
stranded cDNA was synthesized from 5 to 8 pug of each
RNA sample via oligo T7-(dT),4 primer-mediated re-
verse transcription. Biotin-labeled cRNA was generated
using the Enzo BioArray kit (Affymetrix), purified us-
ing RNeasy spin columns (Qiagen), and then quanti-
fied by spectrophotometer. Fifteen to 20 pg of each
biotin-labeled fragmented cRNA sample was used to
prepare 300 pL of hybridization mixture. Aliquots of
each sample (100 uL) were hybridized onto Test3 ar-
rays to check the quality of the samples prior to hy-
bridization (200 puL) onto the Rat U34A arrays (~7000
full-length sequences and ~1000 EST clusters). The ar-
rays were washed with optimized wash protocols, stained

with strepdavidin/phycoerythrin followed by antibody
amplification, and scanned with the Agilent GeneAr-
ray Scanner (Affymetrix). During the course of these
experiments, the scanner setting was altered on advice
from Affymetrix to prevent saturation. Experiment 1 was,
therefore, scanned on the old scanner setting, while all
other experiments were scanned on the new settings.

Data analysis

Quality control (QC) was carried out using both MASS5
criteria (background, scale factor, control gene hybridiza-
tion) and appropriate statistical plots of the log, CEL file
intensities, including box plots for each array and density
plots for all arrays plotted separately and together (be-
cause these different displays allow comparisons of dif-
ferent features of the distributions between arrays), his-
tograms of PM (perfect match) transformed intensities
(to detect saturation) and histograms, scatter plots and
Q-Q plots (to compare each pair of arrays). Box plots of
the Affymetrix CEL files were generated using the box
plot function in the base package in R (Bioconductor
version 1.8.0) with all input parameters set to default
values. Affymetrix CEL files were imported into R us-
ing the ReadAffy function in the affy package available
from Bioconductor (www.bioconductor.org) [2]. Differ-
ent analysis methods use different normalization proce-
dures and scale factors, and these can have large effects on
subsequent analyses. Thus, we have used a number of dif-
ferent methods to analyze these data. Data were first an-
alyzed using the MASS software (Affymetrix Suite v5.0),
where pairs of samples (either control pairs from differ-
ent animals or pairs of kidneys from the same animal)
were compared using both absent/present calls and sig-
nal values. Hierachic clustering of arrays, with appropri-
ate gene filtering, was carried out on the log, Affymetrix
signals from each array using the hclust function from
the mva package in R (Bioconductor version 1.8.0) [2].
The Euclidean distance metric and average agglomera-
tion methods were used. A third analysis method was
used which was based on synthetic data simulation in ac-
cord with current biological and technical understanding
of microarray data [3]. Gene expression values were con-
verted tolog, values, both the samples and genes centered
(mean 0), the samples standardized (variance 1) [3]. Then,
gene filtering was carried out for further analysis. A use-
ful ordination method, the GE-biplot, is obtained from
the Singular Value Decompositor of the resultant matrix.
On this plot, the genes and chips are both represented

[3].

RESULTS

There was no significant change in blood pressure in re-
sponse to nephrectomy (112 + 2 before and 119 £+ 2 mm
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Fig. 1. Boxplots of the log; Affymetrix signal values for all the samples
L1-L8 and R2, 4, 6, and 8 as output by Bioconductor.

Hg, after unilateral nephrectomy, P = 0.2). Renal hyper-
trophy was evident in the right kidney following nephrec-
tomy, both in absolute terms (L 1.32 £ 0.08, R 2.09 +
0.10 g, P = 0.001) and relative to body weight (4.24 +
0.19 to 5.41 £ 0.31 mg/g, respectively; P = 0.01).

MASS analysis of the 8 control and 4 nephrectomy
chips showed that one of the control samples, L2, had
a higher background than the other samples in the same
experiment. Further QC analysis of the entire data set
also demonstrated this, and clearly identified those chips
(L1, L2 and R2) that were scanned on the old scanner
settings (Fig. 1). Some laser saturation effects were also
evident (plots not shown). Because of these problems, ex-
periment 1 was not included in any further data analysis.

Hierarchic clustering in R using hclust and log; of the
Affymetrix signal values [filtered for genes present on at
least 3 of the chips (4242genes)] with the remaining 6 left
kidneys showed that pairs of samples prepared and ana-
lyzed in the same “batch” were more similar to each other
(Fig. 2A) than to any other left kidney. This experimental
clustering was also evident in a GE-biplot representation
of the L3-L8 samples (Fig. 2B). The advantage of the
GE-biplot is that samples and genes can be represented
simultaneously on the one plot, and interpreted with re-
spect to each other. The most salient features of this plot
are: (1) samples that have approximately the same rela-
tive indices for all the genes will cluster together; (2) the
Euclidean distance from a gene point to the origin is an
approximation to the standard deviation of the gene’s ex-
pression index; and (3) genes that lie in the direction of,
for these data, any pair of samples (e.g., L3/L4) are rela-
tively up-regulated in this pair compared with the other
2 pairs, while those lying in the opposite direction are
relatively down-regulated. One can observe differential

Height

A 30 32 34 36 38
| | 1 ! 1

.

o

L5 ——

L6 —

L3 —

L4 —

L6

i L7

Fig. 2. Clustering of control samples L3-L8. Hierarchic clustering was
carried out using hclust in R on the log, Affymetrix signal values
using the unweighted pair group method with arithmetic mean and
Euclidean distance as the similarity measure. (A). Genes were selected
based on their presence on at least 3 of the chips using the Affymetrix
present/absent calls. GE-biplot of control samples L.3-L8 using 4242
genes selected on the basis of their presence on at least 3 of the chips
(B). The position of each chip is shown as a label joined by a dotted line
to the origin, and each gene is shown as ~.

expression between the 3 pairs of samples for many of the
genes, and it was necessary to evaluate whether these dif-

ferences are statistically significant. This evaluation was
done using analysis of variance (ANOVA) with the null



367

Shannon et al: Optimizing microarray in experimental hypertension

d

4tpW4tt556 o Il T o]
2225528 EE 83230
¥oos=3355 u.dW
= .0 NE g @ 2~ 0
SESETmESS S <
858780828 228 “
Ez23S825°5 2475

- >
§52258fz5 22372
o | VvR.Waeem.olouwM o 58
< mn%mme.al.m eg %
S < 290 3D ~g
=+ 8350 © = o
823285 =% 2 oG 8 @
_ _ P2 ,5 5288 o 8 0
£79C o - =0 s o -
S Ego0L,.8 <= g = .
Saowfogyes, « =
© © ECcog o B o 0o g N

- — o D 7 = B B R E 39 5 o

= 55828 oo =

=) nown3EES AT g8 .2

‘3 84 LgemMesT 28 B QO s

3 8 =L 2379388558 093K
ESSEgEEeEs2E 2 2o
s 2~ OE E o2 S o = @
fESEgg3oe? L =99
ECH%%ASSMC ﬂtdn
T2 E 0L >2EOCE frn%b
pm @ o B SEs<= = 0O =
wmE2X2E a0l 8 T kel
=S50 90800 N
Oeeme.mmmf% O.HOd

& = §ES 522 © =T3S g
™ ETLEC 0,882 « o =
< < E2EE0S0 25 O o
3 :: $82:282327 29%%
.mm&.nAmoao.mD S.MSW
Oz, 2+ 85
rt &2 St = TN =Tt~} o tnm.h
- o 36Mowcmpsme O 0 < @»
< ~ o.amtmwe3m\.ih.. Wevm
ESEEEEE R FEa 2
"Juosoxd pa[[ed 9Iom SANJeA IOYI0 [[V "9IeM}JOS GSYIA XINOWAJY oy} Aq [RUISIEW JO JUISqR SB PI[[BD 9I9M SOI[B)I PUB P[OQq UI SON[BA ISOYT, ,
“Twn[od Y} Ul pajsi| o[dues oY) pue MoI 3y} Ul pIJSI| SUIT dY) J0J dN[eA [BUTIS XIOWARY ¢
‘uwnjod Ay} ur pajsiy ojduwres ay) pue Mol Y} Ul pajsI] dud3 9y} 10J sanjea [euSIsS XLIOWA Yy poress diyop 3o ,
TcL 8¢€°0 8°0L 9¢°0 L°09 €20 9'6S €20 29 1€°0 79 €0 rRId pgdnN urrododnu snoIgoalou snyey 1e7C69¢601
V ose[op[e
8Y0El 8’1 €60CT o6L'T €l S8'1T syl 98°1 61vS9  S¥'1 7189 V1 BOPIV snordoatou sney ¢F90CNINT 18 F ZHVNIWEFIOTN
Sre 100 T'LE 0°0 €1e 1€°0— L0 1€°0— (44! 10— 148 6£0— - 101dooa1 utanoe 11 2dA1 06 18YS 1e70618YS
€T 960 90€C 960 Svye  CI'1 vse  vI'l gese ST LyLe  SI'T - €PCSTCLSH 1e78°8pS8TTIV oI
V'8LE [ L'16E  €C1 §e9C 860 8'¢SC  L60 c10e  LO'T 696C LO'T upx 9seU230IpAYSP SUIYIUEX /78T LSH Y LYTTLIIV DL
180y  ¥C'1 8LE 1T 1'o¥c  ¥6°0 §'6CC  T60 Loge  CI'T 19ze 111 1qdsH 1 urdjoxd (LT Yo0Ys JedY L/9¢T7LSH 1788EHOTIV I
8¢ 60°0— 1454 ST'0— 8L €8'0— 9 €6'0— 769 9¢'0 6'S9 Se0 89XOH 660961 1LSH 18796TCO8V YOI
V'LLYT 881 SYIvL L8] 86611 9Ll L'LTCT  LL'T 16591 61 89191 681 - 688561 LSH 187980C68VV o1
196v1 88’1 19971 681 6'09CT 6L'1 yerer 8L SL91T 61 §T9T 61 - CSLS61 1SH 1®616168VV L
¥'LET L60 V' 8Y¢C T €LIT LSO gl 90 1°081 ¢80 Y8l ¥8°0 uqa ANI-ULIqRIP OFC061 LSH 1eErL008V VI
T°€0L 16T 9v0L ¢S’ s6e oIl 61v9¢  SI'L 9CLY  6C1 Ssovy  LCT - 220681 LSH 1 CCCO6LVV L
6'¢C L1'0— 9°€C 61°0— 8'ss 61°0 9'6¥ 1°0 28°9C 10— TSt 10— Ioysnpo QAT urffeIsAro-ewwed jey 1T ZHYNYWESEETIN
6'¢8¢ 11 SYoe 611 T6cc 160 £cCIC 880 csee €l'l 8¢ce II'L ¢ddg 111 asepndadidpndadiq e 0ree8d
7 Ioquawt ‘AT
L'Ley  LTT geey 8T L'60c  LO'T 97Ce 601 Isey ST1 L'8yy  LTT cepdid 2d4y asejeydsoyd oursoiky uwioig 187910L00(V
8¢Sl 9L0 SeST  SLO T'LET  S9°0 L'SET S9°0 Y91l 190 L9IT 790 8X1S § UIXBIUAS 1876010 dV
dq/v urejoadosonuoqrx
7866 891 1'SS6  L9'T 918  LS'T L'608 95T PIve €91 9°L96 €91 qediuyg IB3[ONU SNOSUSTOINH 1e7879€6910dV
[udis (8T 8T [eUSIS LT oL T TeUSIS(OT 9T [eudiS ¢T ST [BUSIS T o1 [BUSIS €T €1 [0quAs duen apn ausn 1080q01d

{T-¢T1 sojduwres [01}u09 107 Blep Y} JO SISA[eUR YAONY Ue WOIJ 1000 S J 1591 o JUBOYIUSIS [IIM SOUSS JO ISI'T T d[qeL



C€ETE00XI dUod YNA2 wﬁoMM®>HOE

§'s0T 160 9¥PT  66°0 v'16T €870 €92 160 6'L1T 60 SIST 660 - snyrey AIeIqr anssn-paxIu jey YeTSTHEEITV oI
(88986200T) T1A9000THC VNP
ey T TLS  9T0 ey 600 €79 20 865 800 6'0S 120 - NEMIY 03 IE[IWIS SNIIFOAIOU SI)IEY 1e7E0T6EIIV o1
L'6E 600 §TeE TWo—  9L9  TEO v'6S  TT0 g6y 610 6'LE  LOO upPO upnpdQ 183 [L68E9IV 01
€YLIE 9TT STLE ¥ET 8460C €0°C 06T 21T 610€ LT'T T'TISE 92T gedsyq g ujo1d Yoous JBOH  1BTSHO9PELIV I
01 (Sojowoy
e[rydoso1( g IowWIOjsuer))
LTET 690 €ELl 180 79Tl €9°0 LTl LLO €Tl 990 ST91  8L0 01s1S ULI-OULIDS/QUIISIE T0J0e) SUDIAS 1@ SH9TTEZ[V 1
(55029€D0T)
1 ose[oIpAyourureAyjowIp
QuIuIdIRIAYIoWIP
< 68 ¥ET LSOy ¥T1 YLy ST 886  T1 69¢  ST'T ST6CT 901 [yepda 0} Ie[Iuuls SNOIFoAIOU SRy JeS [H68G0IV 1
S vLEYL L8] SSOIT LLT €LSET 18T SYHIT L1 seort 81 869IT €L1 pIos oseua30IpATYap [0JIqI0§  1EB7STGLTOE0IV O
g (60T$6200T) (10108y
s Sunoe1o)ul gV¥) $SSIN 10308}
g, 93ueyOXe 9PT)OI[ONU JUTURNL)
my 8'€LLT 61T 7'e0LC 81T T600% SE€T I'TI9¢ €€ S010T 86'1 1981 961 - 0 Ie[Ius SNOIFIAIOU Sn)jey 1eHT8L00IV o1
i €0ST  SLO 8CET 690 6'61T 90 L'60T €50 6'9vT  TL0 9zI 90 - 00TS6TLSH V& L6TH68VV o1
S 'S8T 980 9891 80 TLOT 180 L'98T 1870 78T €60 9'T6T  $8°0 eTieq V1 1duosuen pojenosse-g-VTH  1eSH10768V Vo1
5 (S0819€D0T) €TINOTO006C
2 VNA? NI
g 00T  SS0 L8 S0 6'88 S0 6'€L  €€0 L6 S0 9CL  8€0 - 0] Ie[IuIls SNOI3oAIOU sney  1BLTLI68V VOl
S €98  8%0 8L9 S0 LOEL  $9°0 €801 €50 S'LOT 950 6'SL €70 - €20S61LSH 1B 0TCI68VV 1
g vI8s Tl LSSt 10T L7206 191 S6Ly 6T S8T €01 TYIL 90 TPos T dseInjesop v owkzuo0)-[A0I1eA)S  JeTE9TSLIV YOI
s 9%  L10 6'8S 80 6°SS 00 €9. €0 €99  €€0 L6L €70 - ISTN-0-90-8-20-0F-¥- 1N 1E19CSL8V VoI
g (8L529€D0T) LIMSO001¥T VNAD
E S'LOT 650 916 S0 €€0T €50 $68 €70 TITT 850 L'€6 TS0 - NEIY 03 Te[ruts snotdoAtou sney 187058V V oI
% 1 asejeydsoydouow-(
£ 8'88¢  TC'T 96Ty LT 6TeE 111 6'L9¢  9T'1 Sve €Il €ILE  8I'1 Teduwy 10)[-(0&wr) [oyIsOU]  1ET9RTIOYY VI
g TeL LI0O—  LLT TE0—  T6b 910 vLE 00— 0  S00—  vIT  TT0— - 06006TLSH  1E€65008V VoI
= (8¥19€00T)
Q 62S£10D9 2ouenbas
= 6'€LT T80 vIPT 1L°0 991C 60 v'8T 80 6vT  TLO 9Tl ¥9°0 - VNP 0 IE[IWIS SIOIFoAIOU SNJRY  JB°(8966L YV OI
3 LIS TTo 969  9€0 S9S  €T0 678 70 8¢9 €0 6'€8  SPO0 - £68881LSH  173796£66LV Vo1
5 9SBIOWIOSIR)[IP PIOII)S
s pue -ejoq ¢ ‘oseuadoIpAyop
= 8L ILo— LIz To—  #6 L90— T9T TO— €8 L90— 88T LTO—  QEPSH p1010}s-G-B)[op-AX0IPAH Y& SOrL9N
“ PIIPT 98T 8'880T €L'T 6'8STT LL'T 8€S6  S9'T €79 1 98y €1 odgn asejerdsord-g-asoonn resTeee/e]
6667 60'T 6'€6E  TT1 vl 680 LyLT 101 6'0vC  S6°0 T86T  LOT TwdN T urwsoydoaponN 1eER6r0r
6'L16  S9'T 9'89L SS'T 0L6  ¥9'1 T88L  SS'T $98L ST I'6v9  Sh'l ¢dqeg ¢ urjoxd Surpuiq poe Aeq YeTeLLT0f
4
Ioquioul (101BJ0[SURI) QPII09[ONU
QUIUdPE [BLIPUOYDO0)TUL)
8TIEL €81 99SST 61 TL6EL €81 vyl €61 T6orL €81 88891 161 7eSToIS Gz Aqrurey o1rred oinjog 1esT0LLTIA
TSHT 660 8997 €01 96T SO'T 8I€ 80T 112 680 v'TC €60 odd ¢ dserd)seony) ursjord-jLoyrued 1e L6190V
LEIT 190 6THT  TL0 L'6ET 890 6'0LT  8L0 €eET L90 TO9T  LLO TN T urqeronN 1e77ST910dV
Lesy €€l 6'86S  €F'1 9% 8T €696 8¢'1 €IS el 9 vl zdon ¢ wejord Surgdnooun e erL0109V
LTIT 190 6'€6 150 908 70 €L €€0 98 TS0 T6L €70 S9ddin ure3o1d GoddIN 1878600009V
[euSis (8 o8 [BUSIS (8T 8T [eUSIS (0 9¥ [BUSIS (0T 9T [RUSIS b bl [RUSIS b1 ¥ [OqUAS QUAD opn duan 1089901

368

Awoydarydourun Surmoroy paredwod arom sAoupry 139 pue 13 Jo sired uaym (10°0 = J) sonyea 1s9) 7 paired JuedyruSis Ym sauos Jo I °¢ d[qeL



R8P signal
344
450.6
396.2
80.6
1584.1
1121.8

0.02
13

1.23
0.44
1.92
1.75

R8?

L8 signal
46.6
29 4473
441
70.8
1.99 1847.8
1.84 1370.9

0.16
1.

1.28
0.37

Lg?

R6P signal
324
442.6
3454
86.7
1.89 1582.8
889.6

1.25
1.13
0.44

1.6

R6?
—0.05

453
380.5
79.2

L6 signal
432.8

1.95 1720.8
1.68 1012.6

0.08
1.24
1.17
0.37

Lo6?

R4V signal
253
4274
341.5
93.9
1.88 1642.1
1.68 1074.1

1.23
1.12
0.5

R4?

-0.14

315
361.1
80.1

Table 3. (Continued.)
405.3

L4 signal

43
1.96 1861

1.75 1208

L42
1.22
1.16

—0.02
0.

Olfm1
Prkarla
Epac

Gene symbol
Slc19al

Gene title
exchange factor 1 (cAMP-GEF1)

regulatory, type I, alpha
cAMP-regulated guanine nucleotide
RRRPL9 Rat mRNA for ribosomal

ribosomal protein S19
RRGAMACT Rat mRNA for

protein L9
RRRPS19 Rat mRNA for

protein
Solute carrier family 19, member 1

Olfactomedin related ER localized
Protein kinase, cAMP dependent

Probeset
U03416_at
U38180-at
U75932_at
U78167 at
X51706¢cds_g-at
X51707cds_s_at
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evidence of significant differences at these levels. These
data show that there are relatively few differences be-
tween the gene expression profiles in the control kidneys
of these outbred rats.

To determine what effect unilateral nephrectomy had
on the gene expression pattern in the remaining kidney,
expression profiles were generated from pairs of kid-
neys before and after nephrectomy (i.e., L4:R4, L6:R6,
L8:R8), and again, hierarchic clustering and the GE-
biplot were used to evaluate similarities and differences.
Using both approaches, the expression profiles of kid-
ney pairs from the same animal were more similar than
those from different animals (Fig. 3A and B). Because
the samples cluster according to animals, and not before
and after nephrectomy, it appears that nephrectomy does
not lead to major global changes in gene expression, at
least when measured 3 to 4 weeks following the operation.
To evaluate whether there are statistically significant dif-
ferences between left (control) and right (nephrectomy)
kidneys from the paired animals, paired ¢ tests were per-
formed. Only 37 genes showed evidence of significant
differences (P < 0.01) between kidney pairs (Table 3).
For these evaluations, the data were normalized to mean
0, variance 1 within the samples, and the values for those
genes showing differential expression levels between left
and right kidneys were found to have relatively small
differences.

2.18 2697.3
2.06 2110.5
83

0.46

222 29643
2.16 25932
94.8

0.51

2.03 2095.9
1.95 1777.8
97

0.5

2.08 22122
2.04 2040
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2.04 23044
1.99 2080.2
91.8

0.49

DISCUSSION

A possible problem in interpretation of microarray
data is genetic variability between outbred animals in
physiologic experiments. To our knowledge, microarray
studies have not been carried out on outbred rats, but it
has been predicted from computation studies of microar-
ray analysis on human tissues that variation due to lack of
genetic identity should be a major issue, at least in human
populations [4]. The use of outbred SD rats is common
in studies of hypertension. Thus, it is important to de-
termine if the genetic variability between these animals
leads to substantial changes in gene expression profiles.
Our detailed comparison here of 6 of these animals leads
us to conclude that there is only a low level of variation
in gene expression between the kidneys of these animals.
This is despite the fact that 2 of the animals were housed
separately, and the experiments were performed in pairs
over a period of 24 months. The only clustering effect ob-
served was a “batch” effect (i.e., samples prepared at the
same time were more similar to each other than samples
prepared at different times). Thus, it should be possible
to combine gene expression data from a number of repli-
cate rats to generate meaningful results when examining
the effect of specific treatments.

Unilateral nephrectomy is known to lead to significant
changes in both structure and function in the remaining
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102
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¢ Those values in bold and italics were called as absent or marginal by the Affymetrix MASS software. All other values were called present.

2 Log, chip scaled Affymetrix signal values for the gene listed in the row and the sample listed in the column.

b Affymetrix signal value for the gene listed in the row and the sample listed in the column.
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kidney [5, 6]. In the present study, we observed the
expected increase in weight in the remaining kidney af-
ter the removal of the contralateral kidney. Nephrec-
tomy is not uncommon clinically in adults; in living donor
transplantation, following trauma, and in various disease
states (e.g., malignancy). In general, the clinical seque-
lae, if any, are mild. Nephrectomy is also used experi-
mentally in a range of circumstances (e.g., DOCA-salt
hypertension [7] or studies of direct renal infusion of
drugs or hormones [8]). Changes appear to depend on
age at nephrectomy and are greater in younger animals
[9] and humans [10]. Sex differences have also been re-
ported [11]. In the rat models of particular interest to us,
ACTH hypertension and angiotensin II mediated vascu-
lar changes, nephrectomy does not modify the timing or
extent of the blood pressure change [8, 12]. In this study,
we used young male SD rats (body weight at nephrectomy
approximately 310 g) and found that there are a group of
genes whose expression does change upon nephrectomy,
but the degree of change is generally very low. These
genes included a group involved in fatty acid metabolism,
transport, mitochondrial function, and signal transduc-
tion. These genes are possible candidates involved in the
genesis of compensatory renal hypertrophy. A literature
search suggests genes which might be involved include
those for VEGF [13], IGF-I and II [13, 14], GH [12, 14],
TGF B [15], amylin [16], protooncogenes c-myc and c-
fos [17], cell-cycle dependent hypertrophy (G1 cell cy-
cle kinases) [18], angiotensin II, AVP, and endothelin I
[19]. These genes were all represented in the data set, but
none appeared to be altered in our studies. Accordingly,
these experiments show that it is possible to use outbred
SD rats for studies of gene expression in the kidney, and
that the use of paired organs from individual animals as
control and test ensures even closer genetic identity and
provides ideal conditions for the use of microarrays to
determine which genes are modified by the treatment of
interest.
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