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Abstract

Since the goal of interventions for diabetic nephrpathy is to prevent the progression of the dis-
ease, new early circulating biomolecules should hdentified to be used as an early diagnostic
tool instead of “markers” of nephropathy in diabetes patients. Hence, it would be essential to
identify the earliest possible biomolecules whichould serve as an early predictor for hypergly-
cemia induced nephropathy. Reports have showed assation of elevated CYP2E1 gene expres-
sion and protein level in peripheral lymphocytes vith prolonged diabetes and chronic renal fail-
ure. Our objectives were to evaluate the correlatio of lymphocyte CYP2EL1 in diabetic neph-
ropathy and to identify other early peripheral biomolecules correlating with the onset of diabetic
nephropathy. This is a cross-sectional cohort stugyconducted on Malaysian subjects, consisted
of control (C; n=28), type 2 diabetes (D; n=50), dbetic nephropathy (DN; n=34) and non-
diabetic nephropathy (NDN; n=27) cohorts. Expressio of CYP2E1 gene was evaluated using
real-time PCR. Peripheral biomolecules correlatingvith onset of DN was investigated using mi-
croarray analysis. Differential and correlation stdistics were done using ANOVA on ranks test
and Spearman Rank Order Correlation test respectiviy. P-values < 0.05 were considered sig-
nificant. Lymphocyte CYP2E1 levels correlated sigificantly with the increments of ACR and
serum creatinine, and were detectable even when ACBnhd serum creatinine were still within
normal reference limits. Further investigations ae needed to determine the applicability of
CYP2E1 as well as PGK1, GPI, ENO1, TPI1, ANGPTL4, KR1B1 and SORD as candidate
early risk predictors for diabetic nephropathy.
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Introduction apparent that diabetic nephropathy is also a gpwon-
cern in Malaysia as it is globally.

Diabetes nephropathy (DN) is the most common catise

end-stage renal disease globally, and there ademrsgs

that nephropathy develops in some patients degpitel ~ Currently, the popular determinants of the risk it are

glycemic control while a substantial proportiorpatients  based on clinical markers such as family historneh-

with poor control escape DN. Strict glycemic cohtr ropathy and hypertension, micro albuminuria and in-

does not eliminate the chances of developing DNe Thcreased creatinine clearance [S]. New biomarkarf

Diabcare-Asia project conducted in Malaysia regbrte have been documented, which include plasma pre-

that the overall national prevalence of diabetemran Kallikrein levels [6], several cellular and genetiarkers

Malaysians aged30 years is 15.2% [1] and 75-85% of [5], serum proteins [7] and urinary proteins [8]l these

all diabetes patients are Type 2 diabetes mel(id)  new biomarkers have been convincingly demonstrased

[2]. Along with this, the prevalence of nephropatimy potential early markers for DN, but at which stepthe

Type 2 diabetes is 55% (3) and 51% of patients Bith  pathogenesis pathway of DN these biomarkers dae-<corr

progresses to end stage renal disease (ESRD)J€gilee  late was not mentioned. Nevertheless, micro alburran

factors contributing to the high prevalence ratee8BRD  remains the most preferred marker of diabetic rapder

in Malaysia are late diagnosis of DM along with co-thy to-date despite it being nonspecific. Also,thy time

existing hypertension and poor control of DM. Cathg  the diagnosis of micro albuminuria is initiated, nya

available laboratory tests may not be efficientuggiofor ~ patients already have advanced renal structuraigesa

early detection of DN. With this information in tdhritis  seen on renal biopsy [9].
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Cytochrome P450 2E1 (CYP2E1) is a member of th@Research design and Methods
cytochrome P450 super family. CYP2EL is primarily
involved in Phase | metabolism where its major risle Study Subjects
detoxification and bioactivation of drugs and xeiotibs  The study population consisted of 4 cohorts: cor{tto
[18]. Its main pathological role is associated with free n=28), Type 2 diabetes (D; n=50), diabetic nephitopa
radical production which consequently contributes t (DN; n=34) and non-diabetic nephropathy (NDN; n=31)
cellular injury [19]. Most importantly, CYP2E1 ha The D, DN and NDN cohorts were defined with refeen
unique ability to activate many xenobiotics to et to the American Diabetes Association (ADA) critefia
toxic or carcinogenic products [18] and in additidnis  diagnosis of diabetes mellitus (2007) [21] and Mwee
also capable of generating reactive oxygen spéR€sS) tional Kidney Foundation (NKF) definition for neptpa-
[19]. It is apparent that the activity and expressdf  thy (2008) [22]. Control subjects had no familytbiy of
CYP2EL is elevated in peripheral blood lymphocytes diabetes and nephropathy, fasting plasma glucose <
diabetes chronic renal failure but not in organficed 6.4mmol/l, no proteinuria, normal blood pressure, n
diseases like Hepatitis C [20]. significant clinical events during the past 6 mantAll
subjects were not obese and have not consumedeny f

Since the goal of interventions for DN is to prevére ©f alcoholic beverages or food for the past 7 desfere
development or progression of the disease, any‘@ae- phlebotomy. D, DN and NDN subject_s were either non-
dictor” should be identified to be used as a diatjodool ~ Nypertensive or controlled hypertensive. DN and NDN
instead of a “marker” of nephropathy in diabetitiguats. subjects who underwent cadaveric kldngy _transpvime
Hence, it would be essential to identify the eatligossi- exclude_d from this stud_y. Th_e characteristics ef $tudy
ble biomolecule in the DN pathogenesis pathwayctvhi populatlon are summarlzediln Table 1: Informed eanhs
could serve as an early predictor for nephropaiiigh ~ Was obtained from the subjects following approvaht
this regard, a proposed summary of the correlatimms the Un_|ver5|ty of Malaya Medical Centre Medical EEh_
tween DN pathogenesis pathways and clinical biogrark Commlt?ee (EC Ref. No_. 642.4)_, the centre from wwhic
are illustrated in Figure 1. With reference to Faga, the the subjects were recruited. This study conformsheo
earliest event in the pathogenesis of DN is thectlief- ~Declaration of Helsinki.

fect of high levels of glucose in the systemic alation.
Upon entry into cells, glucose is metabolized toupsite
through glycolysis, generating NADH. NADH and pyru- .
vate then enters the mitochondria, where pyruvafer: 20ml of venous blood using a butterfly needle vemp

ther metabolized to C{and water with the generation of ;[uge ”sgt. tvetn(t)ubs bIoodtvya_s thend_dlsper_wtse;j m;g) pre-
additional electron donors (NADH and FARH avelled test tubes containing sodium: citrate (Sigm
USA) anticoagulant.

Sample Collection
Phlebotomy was performed on each subject to collect

This increase in electron donors leads to a dighoe of  |Lymphocytes were separated from all blood samples
the respiration chain with the formation of reaetoxy-  within two hours after collection, and immediatstpred
gen species (ROS). ROS produced in abundancengeatiat -20C until used for total RNA extraction. Along with
an oxidative stress. This milieu induces expressbn the venous blood sample, all subjects had proviitetl
CYP2EL1 in peripheral blood lymphocytes (PBLS), poss voided morning urine specimen after an overnigist.fa
bly due to the physiological role of CYP2EL to ‘abéty”  All urine samples were aliquoted into 1.5ml eppefdo
xenobiotics. If CYP2EL levels in PBLs can be meesur tubes and immediately sent for albumin and creaini
it may be used as an early predictor for nephrgpath quantitation at a hospital laboratory. Albumin to
diabetic patients. Interventions can be tailoeltmi-  creatinine ratio (ACR) was calculated. Glomeruléraf-
nate the ROS in order to prevent the onset of pim in  tion rates (GFR) were calculated using the Cockeaftilt
renal structures which is the initiative steps & patho-  formula. Serum creatinine and HbAlc values were ob-
genesis. tained from patient’s clinical records. For thentol
cohort members’ serum creatinine, ACR and HbAlc
Moreover, the CYP2EL elevation profile in corredati Vvalues were measured at a hospital laboratory.
with the progression of diabetes to nephropathy rias
been documented. If a relationship exists betwédwen t Isolation of lymphocytes from venous blood
elevation of lymphocyte CYP2E1 and the progressibn Isolation of peripheral blood lymphocytes was @atrout
diabetes to diabetic nephropathy, CYP2E1 may be-a pusing NycoPrep media (Axis-Shield, Oslo, Norway) ac
tential indicator of early development of diabetieph- cording to established method [24]. 10ml whole Hloo
ropathy. With this respect, the objective of thisdy is to  from each subject was diluted with equal volume.6f6
evaluate CYP2EL in peripheral blood lymphocytesaas NaCl in a 50ml Falcon tube. 20ml of diluted bloodswv
potential early predictor of diabetic nephropathy. then carefully layered on 10ml NycoPrep media iotlan
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50ml Falcon tube. The Falcon tubes were cappedeto p Microarray Experiment

vent the formation of aerosols. All tubes were thentri-  Twenty samples from each cohort were randomly alhose
fuged at 800g for 20min at room temperature in amgw to perform this experiment. Total RNA was extracted
out rotor (Beckman, Allegra X-12, USA). After from each sample using RNeasyPlus Micro Kit as de-
centrifugation the lymphocytes form a distinct batdhe  scribed above.

interface between the sample layer and the NycaoReep - )

dia. A pasture pipette was used to transfer thephon Amplification and labelling _ _
cytes suspension into 15ml glass centrifuge tukieout ~ 100ng of total RNA was reverse transcribed to sysiite
removing the upper layer. Equal volume of 1x phasph complementary DNA (cDNA) and amplified using lllu-
buffered saline (PBS) was added into centrifugeegub Mina Total Prep RNA Amplification Kit (Ambion, USA)
containing lymphocytes suspension, mixed by genthaccording to manufacturer's protocol. 10uL of cDNA
inverting the tubes until the lymphocytes were hgmo Was used to synthesize cRNA by performingirawitro
nously diluted, followed by centrifuging all tubas400g transcription (IVT) using lllumina Total Prep RNAm

for 10min at room temperature. Supernatants wese diPlification Kit according to manufacturer's protdco
carded, lymphocytes were resuspended in 1x PBS a§éRNA purity and integrity were assessed by the Biea
centrifuged again at 400g for 10min at room temjpeea  lyser 2100 (Agilent, USA).

Supernatants were discarded and 1ml 0.1M TRIS-HC
pH 7.4 was added into each tube, mixed gently pyitay
the bottom of the tubes to dislodge the lymphocyied
bring them to a homogenous suspension. All lymptecy
suspensions were then transferred into pre-labéligehl
microfuge tubes and immediately stored at -80°Ql unt
used for RNA extraction.

I'IVIicroarray platform

Gene expression profiling was performed using lllu-
mina’'s HumanRef8 Sentrix bead array platform (llioa)
USA), which contained 24526 long oligonucleotide
probes (50mer) representing well-annotated humaerge
The full content of the platform is accessible unttee
Gene Expression Omnibus Accession no. GPL2700.

Extraction of total RNA from peripheral blood lympit ~ Microarray workflow

cytes. 750ng of biotin-labelled cRNA of each samples were
Total RNA was extracted using RNeasyPlus Micro Kithybridized onto lllumina HumanRef-8 Sentrix gendpch
(Qiagen, Germany) according to manufacturer’s mamito and incubated for 18 hours at'68 After hybridization,
Total RNA purity @osd/Azs0) and concentration was de- the bead chips were washed and stained with suidpta
termined for each sample using a Nano-Spectrophotéy3 (Img/mL RNase-free water; 2uL per chip).

meter (IMPLEN, Germany). | vsi
mage analysis

Streptavidin-Cy3 stained bead chips were then swhnn

| q ibed using the llluminaBeadarray scanner, and spot ésoent
5pg total RNA (tRNA) was reversed transcribed tNeD o nities were extracted using lllumina BEADST@DI

and real time polymerase chain reaction (RT-PCRy Wagotare (version 1.5.0.34). The raw microarra
. . .5.0.34). yadahs
performed using QuantiFast SYBR Green RT-PCR mass, q1ted as an IDAT file into the Gene Spring GXL1.

termix reagent kit (Qia_lgen, Germany) in a,1 step tiene genomics and transcriptomics analysis software.
PCR reaction according to manufacturer’'s prototole

PCR reactions were carried out on the iQ5 real #8&  Microarray data analysis

cycler (Bio-Rad, USA). Primers for genes of intéres

(CYP2E1) and reference gene (GAPDH) were designe@ata normalization and quality control

using the Primer 3 software (frodo.wi.mit.edu/cgi-Present and absent calls range were set at detgetio
bin/primer3/primer3_www.cgi). To eliminate detectiof  value 0.8 as the lower cut-off for “present” catidaat
contaminating DNA, the primers were designed inhsucdetectionp-value 0.6 as the upper cut-off for “absent” calll
that one half hybridizes to the 3’ end of one eaad the (GeneSpringGX 11.0 software default settings fdu- Il
other half to the 5’ end of the adjacent exon. Ptimers  mina platform). The raw data were than normalizethe
will therefore, anneal to cDNA synthesized fromiggd  median of all samples. The Illlumina bead chip iflebu
mRNAs, but not to genomic DNA. Primer sequences usesamples dependent and samples independent quatity ¢
in this experiment were CYP2E1 Forward Primer: 5'-trols were assessed to ensure acceptable qualggprof
TTG GTT GAC TCA CTC TTT CCT TT-3; CYP2E1 ples (cDNA) and an entirely successful microarrayrkw
Reverse Primer: 5-TGA TGT CTG ATG AGG AGG flow, respectively.

TTT G-3'; GAPDH Forward Primer: 5'- ACA TCA AGA

AGG TGG TGA ACC AG-3'; GAPDH Reverse Primer:  Differentiating “signal” from “noise”

5'- CAA AGG TGG AGG AGT GGG TGT C - 3. All The normalized data were filtered at intensity lebg

primers were synthesized by' BASE Pte. Ltd. Singa- flags. All samples with “P” (present) and “M” (mamgl)
pore.
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flags were accepted, and retained all entities lirckvat  obese, non- hypertensive or controlled hypertensiom-
least 85% of the values in any 1 out of 4 condgi¢@on- trol subjects had normal blood pressure, kHbAerum
trol, D, DN, NDN) have acceptable values. All eest creatinine and GFR. D, DN and NDN cohorts are loeter
passing through this filter were re-filtered at gexxpres- geneous, consisted of individuals with good andrpoo
sion level by setting the upper percentile cutasf100, glycemic control.

lower cut-off as 20, and retained entities in whitHeast
85% of the values in any 1 out of 4 conditions aithin
range. 13361 genes out of 24526 genes passedfihese
ters.

Differential expression of CYP2E1 gene in D, DN and
NDN.

Differential gene expression of CYP2E1 gene in liioyp
Development of Candidate Gene Signature in diabetesytes from D, DN and NDN cohorts presented in Fegur
and DN 2 and 3. CYP2E1 gene was up-regulated in D, DN and

Gene set analysis (GSA) was performed on the 93gNDN relati_ve to control co_hort. Similar trends oYB2E1
genes, and 108 gene sets were discovereB-wiue UP-régulation was seen in means of D, DN and NDN
0.001. The total number of genes in these 108 getse CONOIS using the real time PCR (Fig. 2) and micega
was 4101 genes. 7 gene sets containing a totabeai  (F19- 3) experimental techniques.

59 genes which prominently matched the events shown

Figure 2.1 (page 28) were manually selected. Faligw Intensity of CYP2E1 expression in individual sulbjeof
this, individual heat maps were generated for egae  the C, D and DN cohorts is displayed in Fig. 3 demo
set. The expression pattern for each gene in therhaps  strating up-regulation of CYP2EL in a proportiond-
was analyzed manually. Genes which had a dist@ctivbetes subjects and in most of DN subjects relativaon-
increasing up-regulation or decreasing down-reguidh  trol group. Up-regulation of CYP2EL in diabetesjsuts
diabetes and diabetic nephropathy cohorts in cosgar corresponded to individuals with poor glycemic coht

to the control cohort were selected. As an exanthle; (HbA;>7.0%), irrespective of the presence of microal-
average normalized intensity unit for phosphoglgt®r buminuria. In DN, up-regulation of CYP2E1 corre-
kinase 1 gene (PGK1) from the glycolysis pathwag wa sponded to poor glycemic control (HRA7.0%) and
0.35494 in the control cohort; 0.03999 in the diebe presence of microalbuminuria (ACR between 30 -
cohort and 0.36312 in the diabetic nephropathy toho300mg/g) and macroalbuminuria (ACR> 300mg/g).
(Figure 4.9). Only 59 out of the 87 genes showexbdh
types of expression patterns. Therefore, these eseg
can actually be regarded as the “signature gemedia-
betes which may lead on to nephropathy (Early pteds
of diabetic nephropathy). Finally, a heat map espnt-
ing the candidate gene signature as an early poediar
diabetic nephropathy was constructed (Figure 4.Th&
gene signature was validated by performing RT-PE@R o
genes. 2 genes are the most prominent genes igehis
signature responsible for the production of reactixy-
gen species (ROS) and one independent gene whiti is Candidate gene expression signatures in diabetes- pr

Correlation of CYP2E1 gene expression with ACR, se-
rum creatinine and GFR in D and DN was investigated
using the Spearman Rank Order Correlation analysis
(SigmaPlot 11.2 Statistical software). The ressittewed
that CYP2E1 gene expression correlated positivetih w
ACR (P= 0.03), serum creatinind?(= 0.0047) and a
negative correlation was seen with GFHR=0.07).

in the gene signature but is related to diabetes. gression and Diabetic nephropathy pathways.
A prototype candidate gene signature (Fig. 5) e
Statistical Analysis ing diabetes progression and DN pathogenesis pgthwa

Data were analysed using SigmaPlot 11.0 statissicl#id  have been constructed from the microarray analy$is.
ware. The ANOVA on ranks test was conducted toweval signature genes involved in major pathways arenged
ate significant differencesPg& 0.05) between all study according to events outlined in Figure 1. DN arfdNN
cohorts against control cohort. Spearman Rank Ordewohorts are distinguishable with the expressiosigha-
Correlation test was conducted to investigate tations ture genes from the glycolysis, polyol, oxidativeop-
between CYP2EL1 and gold standard clinical markers f phorylation pathways.

nephropathy.
The expression patterns of the candidate signafenes
Results involved in the glycolysis, polyol, oxidative phdepyla-
tion and ROS pathways are the candidate early goed|
Characteristics of study subjects. whereas the genes of the insulin signalling patheay

Characteristics of study subjects in 4 cohortspmesen  renin angiotensin system are the marker signatimes
ted in Table 1. Overall, the study subjects wer@-no diabetic nephropathy.
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Figure 1: Proposed correlation between DN pathogenesis pathwand clinical biomarkers. Colour of the eventghie
pathogenesis pathway on the left relates to thesorasle biomolecules with the same colour on thhtriLymphocyte
CYP2EL1 is generated very early in the DN pathwdgrbestructural damages occurs.
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Figure 2. Bar chart representing differntial expression of R2E1 gene in D DN and NDN cohorts relative to @acbd
using real time PCR. UP regulation of CYP2E1 wamiétantly different in D, DN and NDN relative tod®hort (P
<0.05; P < 0.001; P <0.001). (C: n=28; D: n=50; DNhn=35; NDN: n=27)
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Figure 3. Bar Chart representing differential expression R2E1 gene in D, DN and NDN cohrtsw
using microarray analysis. UP-regulation of CYP2tas significantly different in DN (P>0.005;
P>0.005) relative to C cohort. (C.: n=18; D: n=2@N: n=20; NDN n=20)
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Figure 4. Bar chart constructed from microarray analysis, @erstrating CYP2E1 gene expression in individual sub
jects from the control (C: n=17), diabetes (D: n92dhd diabetic nephropathy (DN n=21) cohorts. CYPZfene
showed up-regulation in a proportion of diabetebjsats (p<0.005) relative to the control group. Meap-regulation
level in the DN group was significantly higher (p€01) in comparison to the mean up-regulation lefdd group.
UP-regulation of CYP2EL1 in diabetes subjects cqroesied to poor glycemic control (HbAlc > 6.0%) WKBR <
30mg/g in some individuals, while in DN up-reguatof CYP2E1 corresponded to poor glycemic coranol ACR >
300mg/qg) in all subject in all subjects.
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Candidate Gene Expression Signature in diabetes drabetic nephropathy

|
I ——y
Gene Sels C D DN NDN
Glyecolysis Pathway -

Polyol Pathway {

Oxidative Phosphorylation Pathway -

¥Kenobiotic Metabaolism -

Reactive Oxypen Species (RO5S)4

Irsulin Signalling Pathway 4

Renin Angiotensin System -
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Figure 5. displays a candidate gene signature in diabetegm@ssion and diabetic nephropathy pathways deeeldmpm the
microarray data analysis. Each column representstualy cohort. Each row represents a gene regulatiatiern for each
cohort as an average (C; n-17; D: n-20; DEN: n-20DN: n-20). Down-regulation is represented by gremtor, up-
regulation is represented by red colour, black egants not regulated and the intermediate huesesfngand red represents
the various levels down and up regulations respebti On the right are gene symbols which are éefim detail in Table 2.
This gene expression signature displays selecte@ gets from major pathways in the progression iabates towards
nephropathy. The genes in each pathway were sdlbetged on their up-regulation or down regulatioend ) C, D , DN, or
C, D, DN). Gene expression patterns in the NDN dosloows weather a particular gene regulation pattes specific for
diabetic nephropathy. Differential expression ofnge shown in the glycolysis, polyol, oxidative phasylation and
xenobiotic metabolism pathways are possible eaeyliotors of diabetic nephropathy risk.
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Table 2Definition of genes presented in the candidate G&igaature in diabetes progression and DN pathways.

Gene Set Gene Symbol Entrez_Gene_ID Definition
Glycolysis Path- PGK1 5230 Homo sapiens phosphoglycerate kinas&KIp mRNA.
way GPI 2821 Homo sapiens glucose phosphate isomeB#dg (NRNA.
ENO1 2023 Homo sapiens enolase 1, (alpha) (ENORNA
TPI1 7167 Homo sapiens triosephosphate isomeréBel1l), mRNA.
Polyol Pathway ANGPTL4 51129 Homo sapiens angiopoeitin-like 4 (ANI&4), transcript variant 1, mRNA.
AKR1B1 231 Homo sapiens aldo-ketoreductase familpémber B1 (AKR1B1), mRNA.
SORD 6652 Homo sapiens sorbitol dehydrogenase (SORBRNA.
Oxidative Phos- NDUFB8 4714 Homo sapiens NADH dehydrogenase (ubane) 1 beta, (NDUFB8), mRNA.
phorylation Path-  ATP6VOB 533 Homo sapiens ATPase, H+ transportiygpdomal, VO subunit b
way (ATP6VOB),mRNA.
COx4l1 1327 Homo sapiens cytochrome c oxidase stubdisoform 1 (COX411), mRNA.
ATP5I 521 Homo sapiens ATP synthase, H+ transpgrtimtochondrial FO complex, mRNA.
COX6B1 1340 Homo sapiens cytochrome ¢ oxidase sufubiquitous), mRNA.
COX7A2 1347 Homo sapiens cytochrome c oxidase stbilia polypeptide 2 (liver) , mRNA.
NDUFS4 4724 Homo sapiens NADH dehydrogenase (ubag) Fe-S protein 4, mMRNA
NDUFS5 4725 Homo sapiens NADH dehydrogenase (ubag) Fe-S protein 5, mMRNA
COX6A1 1337 Homo sapiens cytochrome c oxidase stbila polypeptide 1 (COX6A1), mRNA.
UQCRQ 27089 Homo sapiens ubiquinol-cytochrome actase, complex Ill subunit VII, mRNA
ATP5J2 9551 Homo sapiens ATP synthase, H+ trariggprnitochondrial FO complex, mMRNA
ATP5C1 509 Homo sapiens ATP synthase, H+ transpgpnitochondrial F1 complex, mRNA.
NDUFA1 4694 Homo sapiens NADH dehydrogenase (ubimpg) 1 alpha subcomplex, 1, mRNA.
ATP6V1F 9296 Homo sapiens ATPase, H+ transportysgpsomal 14kDa, mRNA.
NDUFA7 4701 Homo sapiens NADH dehydrogenase (ubimpg) 1 alpha subcomplex, 7, mRNA.
Xenobiotic Me-  MGST1 4257 Homo sapiens microsomal glutathioneaSsfierase 1 (MGST1), mMRNA.
tabolism CYP2C19 1557 Homo sapiens cytochrome P450, famisyBfamily C, polypeptide 19, mRNA.
AKR1C4 1109 Homo sapiens aldo-ketoreductase fainiipember C4, mRNA.
CYP1Al 1543 Homo sapiens cytochrome P450, famisubfamily A, polypeptide 1, mRNA.
CYP2E1 1571 Homo sapiens cytochrome P450, famigpBfamily E, polypeptide 1, mRNA.
EPHX1 2052 Homo sapiens epoxide hydrolase 1, noonas (xenobiotic) (EPHX1), mRNA.
ROS ATOX1 475 Homo sapiens ATX1 antioxidant proteindirtolog (yeast) (ATOX1), mRNA.
(Reactive_ Oxygen NUDT1 4521 Homo sapiens nudix (nhucleoside diphosplirsked moiety X)-type motif 1 mRNA.
species) SOD2 6648 Homo sapiens superoxide dismutase 2¢haitmrial (SOD2), mRNA.
GPX1 2876 Homo sapiens glutathione peroxidase X{(BRranscript variant 2, mRNA.
MPO 4353 Homo sapiens myeloperoxidase (MPO), mMRNA.
PRDX6 9588 Homo sapiens peroxiredoxin 6 (PRDX6)NAR
NCF2 4688 Homo sapiens neutrophil cytosolic fag2ianRNA.
Insulin Signalling PTPN1 5770 Homo sapiens protein tyrosine phospbatas-receptor type 1 (PTPN1), mRNA.
Pathway SERPINB6 5269 Homo sapiens serpin peptidase ihjlmtade B (ovalbumin), member 6, mRNA.
ERCC1 2067 Homo sapiens excision repair repaicidefcy, mRNA.
IL16 3603 Homo sapiens interleukin 16 (lymphocytermoattractant factor) (IL16), mRNA.
IL6 3569 Homo sapiens interleukin 6 (interferontgb2) (IL6), mMRNA.
IL1A 3552 Homo sapiens interleukin 1, alpha (ILLARNA.
AGER 177 Homo sapiens advanced glycosylation eadymt-specific receptor, mRNA.
IL8 3576 Homo sapiens interleukin 8 (IL8), mRNA.
TNF 7124 Homo sapiens tumor necrosis factor (TN¥egamily, member 2) (TNF), mRNA.
PTPN11 5781 Homo sapiens protein tyrosine phospbaten-receptor type 11, mRNA.
PPARG 5468 Homo sapiens peroxisome proliferatdxaed receptor gamma (PPARG), mRNA.
AEBP1 165 Homo sapiens AE binding protein 1 (AEBPARNA.
RRAS2 22800 Homo sapiens related RAS viral (r-cexogene homolog 2 (RRAS2), mRNA.
IL4 3565 Homo sapiens interleukin 4 (IL4), tranptrariant 2, mRNA.
IFNG 3458 Homo sapiens interferon, gamma (IFNG)NAR
Renin Angiotensin  AQP1 358 Homo sapiens aquaporin 1 (Colton bloodgréAQP1), mRNA.
ACE 1636 Homo sapiens angiotensin | converting ere{peptidyl-dipeptidase A) 1 , mRNA.
AGTR2 186 Homo sapiens angiotensin |l receptore ®gAGTR2), mRNA.
System LNPEP 4012 Homo sapiens leucyl/cystinylaminopeggd@ NPEP), transcript variant 1, mRNA.
REN 5972 Homo sapiens renin (REN), mRNA.
AGTR1 185 Homo sapiens angiotensin Il receptore tygAGTR1), transcript variant 3, mRNA.
NLN 57486 Homo sapiens neurolysin (metallopeptidd8damily) (NLN), mRNA.
GPX3 2878 Homo sapiens glutathione peroxidaseg3ifph) (GPX3), mRNA.
GPX1 2876 Homo sapiens glutathione peroxidase X{BRranscript variant 2, mRNA.
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Discussion Cytochrome P450 2E1 [26]. Although these key factor
i . . may work in a complex interwoven fashion leadington
The outcome of this study showed 4 main observationhe pathogenesis of diabetic nephropathy, the roaim
First, up-regulation of CYP2E1 gene expression §WW yihyting factor is hyperglycemia. The cause of @yp
greater association with diabetic nephropathy (D) gigpetes is commonly known as a combination ofsfesi
comparison to non-diabetic nephropathy (NDN), c®nsi tance to insulin action and an inadequate compensat
tent with the notion that hyperglycemia-induced ROSpgylin secretory response which leads on to hypeeg
triggers CYP2E1 gene expression. Second, Lymphocyi@ia. During the insulin resistance state, excessive
CYP2E1 up-regulation was associated with hyperglyceyacellular glucose enters into the cells by theuiim-
mia (HbAlc > 6%) in a proportion of diabetes sut§ec jndependent transport mechanism aided by the GLUT-
while conventional nephropathy markers such as ACRysyptype of glucose transporters. GLUT-1 is the- pre
serum creatinine and GFR was still wthln normdére  yominant isoform expressed in the glomerular meaéng
ence limits. Since the role of CYP2EL in DN pathe@e  ce|is [27]. Therefore, intracellular glucose becsnabe-
sis (Fig. 1) has_be.en Jus_tlfled, it is possiblet thetectable \ated and causes an increased flux through theolpoly
CYP2EL protein in peripheral lymphocytes could be &athway [28] which consequently introduces the pead
candidate early predictor for the onset and pragpesof  ton of ROS. This immediate high glucose-induced- pr
DN. In NDN, glucose metabolism pathways are irraf@v qction of ROS in turn induces elevation of CYP2E1
and CYP2EL up-regulation may be associated with adycivity and protein in the liver cells [20], as lvas in
vanced stages of nephropa_thy pathogenesis S|m|t_met peripheral blood lymphocytes [11, 21].In non-diabet
roles of “non-hyperglycemia-induced CYP2EL" in thejngividuals CYP2E1 is expressed predominantly ie th
advanced stages of the DN pathway. Third, Intersity |jer, while in peripheral blood lymphocytes CYP2EL
CYP2E1 gene expression correlgted posmve_ly WIERA expressed at very low levels [20]. The findingstio
and serum creatinine. A negative _correlatlon_ was Obpresent study are consistent with the latter, showi
served with GFR. Fourth, other candidate earlyipteds  ~yp2E1 was undetectable by HPLC in the control dpho

specific for DN risk are PGK1, ENO1, TPI1, GPI from p;; was detectable in the DN cohort and in somi@D
the glycolysis pathway and ANGPTL4, SORD, AKR1B1 cohort members.

from the polyol pathway.

To date microalbuminuria is the gold standard niafée
A prototype candidate gene signature has beenamel both type 1 and type 2 DN. Despite the drawbacks of
in this study. Investigations from the microarrayggest urine albumin measurement, microalbuminuria isl stil
that the selected signature genes from the glyisplys being the preferred marker for DN. Moreover, mitroa
polyol, oxidative phosphorylation, xenobiotic metab buminuria is not a specific marker for diabetic meypa-
lism, and ROS pathways may be candidate for eady p thy. Transient elevations in urinary albumin exonmet
dictors of DN risk. The selected signature genemfthe occur in several conditions such as short-term tgjpe
insulin signalling pathway are markers of the bagig cemia, marked hypertension, exercise, urinary irdet-
of nephropathy, and the selected signature gendisein tions, heart failure and acute febrile illness.haligh the
Renin-Angiotensin System are markers of establishesheasurement of albuminuria is essential to diagmide
DN. DN can be exclusively distinguished from NDN by some patients could have DN without increased UAE a
observing the signature genes of the glycolysisygho a proportion of patients with type 2 Diabetes vidlve
oxidative phosphorylation and xenobiotic metabolismlow GFR without micro- or macroalbuminuria. Several
pathways. Investigations from the microarray aralys studies within the past 2 decades have shown fesralr
showed that signature genes from the Renin-Angsaten biopsies that by the time microalbuminuria is digdc
System is functional (up-regulated) irrespectivetltd  advanced renal structural changes has already redcur
etiology of nephropathy. Thus, besides being abldig- [9].Our study has focused on the usefulness ofguain
tinguish early, intermediate and late stages in B¢  biomolecule which can act as a warning flag, intica
pathogenesis pathway, these candidate gene sigeatuthat nephropathy onset is apparent, before angtstal
also distinguishes diabetic nephropathy from nabeliic changes begin. A detailed literature review onghtho-
nephropathy. genesis of diabetes as well as the pathogenedialuétic

nephropathy has been studied to correlate the stage
The exact cause of diabetic nephropathy is stitinown  pathogenesis of DN to which the commonly used adihi
to-date, but accumulating evidences suggestedhtbiit-  markers referred (Figure 1). With reference to Fagl, it
ple mechanisms contribute to the pathogenesis isf this likely that the appearance of CYP2EL in peripher
disease. However, the most documented key players blood lymphocytes occurs much earlier than micrnealb
the development of diabetic nephropathy are hygeegl minuria, elevated serum creatinine and decline KRG
mia, hemodynamic factors, advanced products of norfhe findings from this study showed evidence tlyat-I
enzymatic glycosylation reactive oxygen species anphocyte CYP2EL is a potential early predictor fiabetic
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nephropathy due to it being up-regulated in sorabetic

Christina/Zaini/Othman

correlates positively with serum creatinine and ACR

individuals while serum creatinine, ACR and GFR aver Other genes besides CYP2E1 which correlated wih th

still within normal reference limits.

early pathogenesis of DN are the selected gendheof
glycolysis (PGK, GPIl, ENO1, TP1) and polyol

The limitation of this study is that levels of lyhcyte

(ANGPTL4, AKR1B1, SORD) pathways. However, fur-

CYP2E1 in normal healthy individuals (control cafior ther investigations are needed to evaluate theécality
may be bias towards the younger age group (< 3f)yea of CYP2E1 protein as well as products of the sigreat

due to lack of volunteers for age group above 3&s/e candidate genes as candidate for early risk pradidor

This study has been extended as a longitudinal rcohopp.

study, aimed to quantify CYP2EL using a proteonmic a

proach. In addition, observations will be made be t Acknowledgement

changes of CYP2E1 in comparison to HbAlc levels and
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mic control escaped nephropathy. This may probdbby References
to among many other factors, the ability of thevivo i _ )
antioxidant defence mechanism to maintain its iefficy 1~ Sanjay R, Lekhraj R, Rahmat R, Zain AM, Yap YG,

in detoxification of ROS. It may also be likely thdiet
and nutrition played a role in highly supplementangi-
oxidants that maintained the efficiency of the axitant
system. 5

CYP2E1 polymorphism has been commonly documented
[26, 27, 28, 29] and large inter-individual variiki of
CYP2E1 phenotype and genotype is apparent [28]. The
most documented CYP2E1 variant alleles are the *1
(Phenotype: 4-fold greater post ethanol inducifilit2
(Phenotype: greater activity), *5A (Phenotyperaased

in vivo activity; decreased inducibility) and *5@lieno-
type: reduced in vivo enzyme activity) [27, 28, .28]ith '
relation to the documented phenotypes of the CYP2E1
variant alleles, it is likely that functional adties involv-

ing substrate binding and docking to the active sftthe 5,
enzyme structure will be affected. Hence, the rstd
activity as an “enzyme” will be defective. Therefpthe 6.
documented polymorphisms reported to date are not
likely to have any impact on the expression of CEP2
protein induced by ROS in diabetes and the quéaintita

of CYP2E1 protein in peripheral blood lymphocytes.?.
However, further studies are needed to excludeffeets
of polymorphism on CYP2EL expression in diabetes.
Microarray is a powerful tool in research but itrist 8.
suitable to be used as a diagnostic tool in clinelaora-
tories. Nevertheless, specific, precise and cdsiciie
methods can be developed to detect and quantitate b
molecules or proteins encoded by the candidatey earb
predictor signature genes for DN in plasma samples. '

Conclusion

Findings of this study showed that regulation ehpho-  10.
cyte CYP2EL is associated with glycemic control and
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