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Microarrays

Chips ] avTikeluevo@opol TTAAKEC TTOU JETPAVE TNV YOVIOIAKN £Kppacn
(ka1 Ox1 uovo).
Aev HETPAVE ATTOAUTEG TIMEG CUYKEVTPWOEWYV HETAYPAPNUATWV.
MeTpAve OXETIKEG AQANQYEG.
— [a gia ouvBnKn, TTOOO TTI0 augnuévn 1 HEIWMPEVN €ival N EKQpacn evOg
yovidiou, o€ oXEon PE pia GAAN ouvenikn.
— Tl.x. Néoo 1o aug¢nuevn/Peiwpévn gival n EKppaaon evog yovidiou A PETA
atrd aoknon (control: apéowc TTPIV TNV AoKnon).

Agv PTTOPOUNE VA CUYKPIVOUME TO yovidlo A pe 1o yovidio B

2710 Chip utrdpxouv yia To KGBe peTaypapnua:
— cDNAs oAOkAnpou Tou petaypagwpuarog (spotting) (PCR)
— oAyouepn (Ta Aeyoueva oligo-probes), ue unkog 25-70 Baocelc.
« Spotting
* In situ synthesis



2. XETIKEC OIAPOPEC
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2. XETIKEC OIAPOPEC
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OAIyo-MikpoaouaoToixieg
(oligo-microarrays)

Chip oT1o otroio uttdpyxouv DNA oAiyopepr) (Ta Asyoueva probes), pe
uNKog 25-70 BACEIC TTOU AVTITTPOCWTTEUOUV TO YOVIQIWPA EVOC
opyaviouou.

[MeplooOTEPA ATTO £vVa DIAPOPETIKA probes PTTOPEI va UTTAPXOUV YIa EVa
yovidlo.

[Mavw o€ autd Ta probes uBpidiovral Ta CUPTTANPWHATIKG Toug cDNAS.
To kaBe cDNA gival ouvdedeuévo e pBopilouca XPWOTIKN.

KaBe knAida (spot) oTo chip avTIOTOIXEI O€ Eva OUYKEKPIYPEVO €iDOC
probes.

H évraon tng ¢Bopiloucac XpwOTIKAG UTTOONAWVEI TNV £€vTaon UE TV
otroia ekppaletal To mMRNA yia Tov avTioToixo probe.



T1 yTTOPOUV Va EAEYCOUV

‘Ekppaon mRNA.

‘Ekppaaon micro-RNA.

CGH (comparative genomic hybridization).
SNPs.

DNA peBuAiwon.

ChIP-on-chip.



CGH

« Comparative genome hybridization.

« BAETTEI QV PIO YEVWUIKA TTEPIOXN O€ £va OEiyua €XEI TTOANATTAQOIAOTEI )
xaBei o€ oxéon ye Eva control.
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Agilent CGH Microarrays



Ta BRuata

PLoS Comput Biol. 2010 May; 6(5): e1000786.
Published online 2010 May 27. doi: 10.1371/journal.pcbi. 100
ght/License

Design Experiment

{

Perform Experiment

v

Assess Array Quality

|

Normalize Arrays

|

Summarize Data

4

Test Significance

{

Biological Interpretation

Figure 1

Steps in a typical microarray analysis.



MikpoaouaTolxiec (microarrays)

 Me dUo xpwuara (TTpAaaIvo/KOKKIVO)

 To €va Xpwua gival yia JIa CUYKEKPIMPEVN OUVONKN Kal TO AAAO
XPWHA yia pia GAAN (ouvnBwg control).

« E&ayetal To oAikd RNA yia Tnv KABe ocuvonkn.

* EAEyxetal n moootnta kai roiotnTa Tou RNA.

« T[iveralr orjpavon tou KaBe dciyuatog RNA ue ouyKkekpIdpEVN
xpwaTikn (11.X. Cyd:red - Cy3:green).

 Ta 2 dciyyara avauiyvuovTal KAl TO JiyJa UTTOKEITAl O€
uBpPIdIONO TTAVWw OTOo chip.

* MeTpIETal N €vTaon TNG KABE PIAG aTTo TIC 2 XPWOTIKEG, YIa KAOE
KNAida.

* YTroAoyiletal 0 AOYyog TwV EVTACEWY TWV 2 XPWOTIKWY, OTNV
KGOe KnAida.



MIKPOOUGOTOIXIEC
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MikpoaouaTolxiec (microarrays)

Av TO yoVvidIo ekppAaleTal TTEPIOOOTEPO OTNV A ouvBnAKN (KOKKIVN
XPWOTIKA) a1rd 0TI 0TNV control (TTpdcivn XPWOTIKN), TOTE 0 AOyOg
ouvlnkn_A/control (KOkkIvn/Trpdoivn) Ba givar A>1, aAAILG o€ avTiBeTn
TepiTrTwaon 0<A<1.

Av 10 yovidio ekppdaleTal ue dITTAGCIA €vTaon 0TV ouvlnkn A, o€
oxéon MeE TNV ouvenkn control, T0Te 0 Adyoc Ba cival A=2.

Av TO yovidIO ekppAleTal UE TN MION €vTAOn oTNV ouvOnkn A, o€ oxéon
ME TNV ouvenkn control, ToTe 0 Adyo¢ Ba cival A=0.5.

MeTaTpéTrovTag Toug Adyoug o€ log,, £XOUME:

— A=2 ->log,A=1

— A=0.5 -> log,A=-1

— Me Tnv kavovikoTroinon oe log, Ta dedoueva yivovTal GUPUETPIKA.



MikpoaouaTolxiec (microarrays)

» [1o1e Bewpoupe OTI Eva yovidlo UTTEP/UTTO-EKPPACETAI OE JIa
OUYKEKPIMMEVN OUVONAKN.
— Log,A>1 1 Log,A < -1 (diTAGoI0/uTTOdITTAACIO EKPPOCH TE OXEON
JE TN ouvenkn control).
— Me otaTioTikEC nEBSdoUC (t-test, ANOVA).



microarrays

e Kartavoun Twv ocnuatwy.
 MEeTATPOTIN - KAVOVIKOTTOINON TWV GNUATWV.

@

log, Cy3 (log, Cy5 + log, Cy3)/2

Figure 18.5: Scatter plot of gene expression analysis showing the process of data normalization. The
solid line indicates linear regression of the data points; dashed lines show the cutoff for a twofold change
in expression. (A) Plot of raw fluorescence signal intensities of Cy5 versus Cy3. (B) Plot of the same
data after log transformation to the base of 2. (C) Plot of mean log intensity versus log ratio of the two
fluorescence intensities, which shifts the data points to around the horizontal axis, making them easier

to visualize.



OuadoTroinon yovidiwy JE TNV
1010 CUUTTEPIPOPA.

XpelalopaoTe ApKETA onUEia (OIAPOPETIKEC OUVONKEG ) XPOVIKES
OTIYMEG)

Me peBOOOUG ATTOOTACEWY, OTTOU Ol HETPNOEIG EVOS YOVIDIiou VIq;
OIAPOPETIKEG CUVBNKEG ATTOTEAOUV £va dIAVUC Q.

YT1roAoyi(oupe ATTOOTACEIG JETACU DIAPOPETIKWY DIAVUTUATWY
(yovidiwv).

— EukAegidia amréoTaon

— 2UVTEAEOTNG ouoxETiong Pearson (Pearson correlation
coefficient).

— Anuioupyeital TTivaKAg ATTOOTACEWY METACU TWV YOVIDIWV.

— To avTioToIXO MTTOPEI VA YiVEl KAl YIa VA OJOOOTIOIN|OOUNE
KOIVEG OUVONKEG.



MIKPOOUGOTOIXIEC

Ohr|{1hr|2hr|3br|4hr Shr
GeneA | 1 4 | 6 8 6| 6
GeneB| 1 |06|03|01]03|04
GeneC| 1 2| 4 4 3|3
GeneD| 1 |15| 2 3 2|1
GeneE | 1 1 |105]|02]|01]02
GeneF| 1 |03|01|02|03|04
Gene B Gene C/Gene D/Gene E Gene F
GeneA| 082 | 056 065 | 068 | -0.79
Gene B 085 | 086 | 066 | 067
Gene C 0.70 | 065 | -0.87
Gene D 041 | -0.72
Gene E 0.26
L conversion of coeflicients
1o positive distance values
Gene B|Gene C|Gene D|Gene E Gene F
GeneA| 182 0.04 035 | 168 | 1.79
Gene B 1.85 1.86 034 | 033
Gene C 030 | 165 | 1.87
Gene D 1.41 1.72
Gene E 0.74
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Time (hr)
0123435
Gene A
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Gene C
Gene D
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Gene F

Ohr{1hr|2hr|3hr|dhr|Shr
GeneA| 0| 2 |26| 3 |26|26
GeneB| 0 |-07|-17|-33|-17|-13
GeneC 0 1 2 2 |16]16
GeneD| O |06 1 | 16| 1 0
GeneE| O | O | -1 |-23|-33|-23
GeneF| 0 |-1.7|-33|-23|-1.7|-13

Gene A
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Gemna D

Gene B
—E Gene F
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MnkKocC Twv probes

Affymetrix: 25mer
Agilent: 60mer
lllumina: 50mer

000 peyaAuTepo TO probe, TOOO TTIO €UAIOONTO (MTTOPEI VA avIXVEUOEI
targets o€ NIKPOTEPEC OUYKEVTPWOEIQ).

Ouwc, yeyaAuTeEPO probe PTTopPEi KAl va AVEXTEI TTEPICCOTEPOUC
TTOAUMOP@IOHMOUC (1] mismatches).



Y[BpPIOIoHOC TwV probes




Probes & chips



2. XEOIQOOC TWV probes

* Oa TpétTel N akoAouBia Toug va gival yovadiky wWoTE va
QVTIKATOTITPI(EI TNV £€K@PAOTN YIO TO YOVidIO TTOU oXeDIAOTNKAV.

« OA\ol o1 probes Oa TTpETTEl VA £X0UV TTapOuola Tm (BEATIOTN
Oepuokpaaia uBpIdICUOU).

 Ta probes dev Ba mrpétrel va oxnuartiCouv deutepoTayEiG OOUES
TTou Ta guTtrodifouv va uBpPIdIOTOUV JE TOV OTOXO.



spots

features on each
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Array Spotting

Me BeAoveg (pins) (atrwBeon £Toipwy cDNAs 1y oligos ).
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Inkjet printing - Agilent

Figure 1. These four images communicate the general mechanism for oligo synthesis via inkjet printing. A: the first layer of nucleotides is deposited on the
activated microarray surface. B: growth of the oligos is shown after multiple layers of nuclectides have been precisely printed. C: close-up of one oligo as a
new base is being added to the chain, which is shown in figure D.



Agilent phosphoramidite chemistry
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Figure 4. This figure shows the general cycle of oligo synthesis via phosphoramidite chemistry.



dwToAIBoypagia - Affymetrix

Youtube:
http://www.youtube.com/watch?v=ui4BOtwJEXs&feature=related

Affymetrix:

http://media.affymetrix.com:80/about_affymetrix/outreach/lesson_plan/dow

nloads/student_manual_activities/activity3/activity3 manufacturing_bac
kground.pdf



dwToAIBoypapia

Photolithographic Synthesis

Feature

Fig. 1 - The mask only allows light to pass to
specific features on the chip



dwToAIBoypapia

Linker
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Fig. 4 - The addition of the linker molecule

Fig. 3 - Silanation - each "Si" is a starting point



DwToAIBoypaia

UV Light

Photo Mask
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Fig. 5 - Deprotection of Feature #3 and 4 Fig.6 - Addition of Adenine (A) Nucleotides



dwToAIBoypapia

Wafer

Feature #4

l Feature #2 l Fealure

Fig. 8 - Addition of the 2™ nucleotide (C)
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Fig.7 - 2nd mask (deprotecting Feature 1 and 4)



DwToAIBoypaia
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Fig. 13 - Final Results after removal of
protection molecule and capping agent



Feature

5”

R
s |l Millions of identical
e probes/feature

Up to ~1,400,000
features/chip

1.28cm

Fig. 17 - Dimension of a GeneChip: Wafer to Chip to a Single Feature




Agilent chips




Agilent chips
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Agilent platform

. douUpvoc uBPISITHOU « Laser Scanner




Affymetrix Arrays/strips/plates




Affymetrix platform




Affymetrix platforms

GeneAtlas™ System & array strips

GeneTitan® System & array plates



‘EAeyxoc NoooTtnracg/IoidtnTag
oAlkoUu RNA

* Nanodrop (QWTOUETPO TTOU XPNOCIUOTTOIEI
eNGx10TO OYKO deiypaTtog - 1A) yia akpIBAC
TTOOOOTIKOTTOINON.

— A260 nm -> voukAeoTidia, RNA, ssDNA, C .
dsDNA .
, \ ' < &
— A280 nm -> TTPWTEIVEG, PAIVOAEG K.Q. __ iy

— A230 nm -> EDTA, @aivoAeg, udatavOpakec.
— A260/A280 nm~1.8-2.1
— 260/230nm~2-2.2 The

p :-,”‘l()

M



‘EAcyxoc NoooTtnracg/IoidtnTag
oAlkoU RNA

« Agilent 2100 Bioanalyzer yia £éAeyxo tro16TnTaC Tou RNA (TU) OV
atrodouion). (~€20.000)

* HAekTpO@OPNON OE TPIXOEIDN
— Noyoc¢ 285/18S rRNA 2:1
— RNA integrity number (RIN)
Figure 1.2 Example Agilent Bioanalyzer Electropherograms from three different total RNAs of varying

integrity. Panel [A] represents a highly intact total RNA (RIN = 9.2), panel [B] represents a moderately
intact total RNA (RIN = 6.2), and panel [C] represents a degraded total RNA sample (RIN = 3.2).

[FU] [FU] [FU]
“ A rRIN=92 ~ B RIN=62  C RIN = 3.2

= YL

200 500 1000 2000 4000 [nt] 25 200 500 1000 2000 4000 [n(] 25 200 500 1000 2000 2000 [nt]

NOTE: Total RNAs with lower RIN values may require increased input
amounts to generate enough aRNA for hybridization to an array.



‘EAeyxoc NoooTtnracg/IoidtnTag

oAlkoU RNA

Fast and easy operation
Add sample

Automation
Start chip run

» Ready-to-use reagent kits
* Quick-start instructions
» Chip preparation in less than 5 minutes

» Minimal use of hazardous chemicals and
waste disposal

+ Sample volumes in the plL-range

+ Start analysis at the press of a button
* Predefined protocaols

+ System uses internal standards to
calculate results

Digital data in 30 minutes
Watch real-time data display

» Automated data analysis

» Digital data can be filed in a database
or shared

» No user-dependent data interpretation




XNUIKEC AVTIOPACEIC



Y[BpPIOIoOHOC

OAa ta probes uBpidiovtal otnv idia Bepuokpaaoia.

Ouwcg, 6Aa 1a probes dev £xouv TNV idia BEATIOTN BepuoKpaTia
uBp1dIouOU.
Apa, uttapxouv TTPORAAMATA YIa ETTIMEPOUG probes

\ Figure 4.10 Opening the clamps on the GeneAtlas™ Hybridization Station

1-PushDown _

2 - Lift Lever { |||
fith

doupvoc uBpidiopou Tou Affymetrix GeneAtlas



Y[BpPIOIoOHOC

>

Sample RNA fragments (purple) After staining, RNA (purple UAGUAC) bound
washed over DNA probe array (green) to the DNA probe built on the array will fluoresce




Laser scanning

Agilent autofocus

Single Point Focus Agilent Dynamic Autofccus
Out of focus, resulting in questionable data. Always in focus, for results you can trust,

Inear scan lens Geacton - broer scan lons diroctien | ; 3 I E
fsatire fogdro
P iolpotpith = = = Y = - - wV - - -
s el port P = o o | o o P e e e - - - .
n foous n focus



METpNON oNUATOC OTA SPots

5um Pixel grid

5um Scanning laser beam

100um diameter microarray spot

(a)

Figure 1.12: The pixels comprising a feature. (a) A false-colour image of the pixels from a single scan
of a 100-um microarray feature. The size of the laser spot is 5 um. The pixel size has been set to 5 um
so that each pixel represents the area from the size of the laser spot. (b) and (c) See pp. 9 and 10.
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(b)

(c)

Figure 1.13: Output of scanners. (a) This is the scanner output for a part of a microarray - in this case
one of twelve 16 x 16 blocks of features. This is the monochrome image of the Cy3 (green) channel.
(b) The scanner output for the same part of the array but using the Cy5 (red) channel. (c) It is usual to
combine the two monochrome images into a composite false-colour image of the array. Green features
correspond to features that are expressed more in the sample labelled with Cy3 than the sample labelled
with Cy5, and so will be bright in (a) and dark in (b). Similarly, red spots will be bright in (b) and dark in
(a). Yellow features have a similar level of expression in both samples. Dark features are low expressed
in both samples.



[ToioTnNTa TWV Spots

(b) (c)

Figure 1.7: Array quality. (a) On Affymetrix arrays the features are rectangular regions. The masks
refract light, so there is leakage of signal from one feature to the next. The Affymetrix image-processing
software compensates for this by using only the interior portions of the features. (b) Spotted arrays
produce spots of variable size and quality. This image shows some of this variation; we cover image
processing of spotted arrays in detail in Chapter 4. (c) Inkjet arrays tend to be of the highest quality,
with regular, even spots.



AvaAuon TpoPANuaATIKWV Spots

(b)

A
Sl

“lwl“ll 1
(c) (e)

Figure 4.3: (a) Fixed circle segmentation. A circle of the same size is placed on every feature on the
array and the pixels inside the circle are used to determine the intensity of the feature. This is not a good
method because the circle will be too large for some features and too small for others. (b) Variable circle
segmentation. A circle of different size is applied to each feature and the pixels inside the circle are used
to determine the intensity of the feature. This performs better on different size features but does not
perform so well on features with irregular shapes, for example, the irregular red feature that is marked
with an arrow. (c) Zoom in on the red channel of the irregularly shaped feature marked with the arrow in
(b). Note the black region where there is no hybridisation, probably because there is no probe attached
to the glass in that area. (d) Histogram method applied to that feature. The red pixels are the ones that
have been used to calculate the feature signal; the green pixels have been used to calculate the feature
background. The black pixels are unused. The area corresponding to the black region in (c) is not used
for calculating the feature intensity. The brightest features have also been excluded. The red-to-green
ratio of this feature calculated by fixed circle segmentation is 1.8, variable circle segmentation is 1.9,
and histogram segmentation is 2.6; so the measured differential gene expression between the samples
is different with the different algorithms. Because of the irregular shape of the feature, the histogram
method probably gives the most realistic measurement. (e) Histogram of the intensities of the pixels
in the irregularly shaped feature. The red bars represent pixels used for the signal intensity; the green
bars represent pixels used for the background intensity; the black bars are unused pixels. The brightest
and darkest pixels are not used, thus giving a better measurement of hybridisation intensity.



YTToAoyIopOC & agaipean
BopufSou uttoffaBpou

IMAGE PROCESSING

Figure 4.4: Background regions used by different software. Different software packages use different
pixel regions surrounding the feature to determine the background intensity. (a) ScanAlyze: the region
is adjacent to the feature. This will be inaccurate if the feature is larger than the fixed size of the circle
used for segmentation. (b) ImaGene: there is a space between the feature and the background. This is
a better method than (a). (c) Spot and GenePix: the background region is in between the features. This
is also a good method.



[TapayovTec TTOU €TNPEAlOUV TA
microarrays

» [lepiBaAlovTiKoi
— OcCov
— Yypaaoia
— YT1epiwdng akTivoBoAia
— 2TATIKOG NAEKTPIOUOGS
— MO&Auvon TG aTuOoPaIPag (0EEIBWTIKOI TTAPAYOVTEG).
— 2ZKOVN (UTTOPEi Va TTNPEACEI TIC JETPROEIC TOU Laser)
— [loudpa atd Ta yavria.

* Evdoyeveig
— [MpbBANuUa oe KATTOIO BAMA TWV XNUIKWYV aVTIOPATEWV.
— O 100G TOU 10TOU.

* Dye swap yia va a1ToKAEicOUUE TTAPAYOVTES TTOU TTIBavwy £TTnpedoav
TO TTEipapa



Microarrays & Ozone

H xpwoTik Cy5(red) gival ouvriBwg 110 aoTaBr¢ o€ oxéon YE TN
xpwoTikr Cy3(green).

To 6Cov utropei va TTpoKaAEoEl TTEPIOOOTEPN aoTdBela TnG Cyb.

2€ é&va Treipapa Tou 1o control xpwpuatioTnke pe Cy5 Kal 10 dgiyua Ye
Cy3, av uttoBécoupe 0TI To 0oV TTPOKAAETE TNV atTodouIon Tou Cy5,
TOTE TTEPINEVOUNE Va doupe (atrd AGBo¢) Ta yovidia Tou deiyuaTog va:
— A) uttepekppdalovTal oe oxEon Ue To control?
— B) utroek@palovtal o€ oxéon Ye 10 control?



Microarrays & ozone

Anal Chem. 2003 Sep 1,75(17):4672-5.
Effects of atmospheric ozone on microarray data quality.

Fare TL, Coffey EM, Dai H, He YD, Kessler DA, Kilian KA, Koch JE, LeProust E, Marton MJ, Meyer MR, Stoughton RB, Tokiwa
GY,Wang Y.
Rosetta Inpharmatics LLC, 12040 115th Avenue NE, Kirkland, Washington 88034, USA.

Abstract

A data anomaly was observed that affected the uniformity and reproducibility of fluorescent signal across DNA microarrays.
Results from experimental sets designed to identify potential causes (from microarray production to array scanning) indicated
that the anomaly was linked to a batch process; further work allowed us to localize the effect to the posthybridization array
stringency washes. Ozone levels were monitored and highly correlated with the batch effect. Controlled exposures of
microarrays to ozone confirmed this factor as the root cause, and we present data that show susceptibility of a class of cyanine
dyes (e.g., Cy5, Alexa 647) to ozone levels as low as 5-10 ppb for periods as short as 10-30 s. Other cyanine dyes (e.g., Cy3,
Alexa 555) were not significantly affected until higher ozone levels (> 100 ppb). To address this environmental effect, laboratory
ozone levels should be kept below 2 ppb (e.g., with filters in HVAC) to achieve high quality microarray data.

PMID: 14632079 [PubMed - indexed for MEDLINE]
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Reduction of Cy5 signal for in-house fabricated microarrays kept in a none-ozone controlled environment. These figures show a region of two 20 K mouse
microarrays, selected because of their wide range of both Cy5 and Cy3 signals. The microarray images were from scans made during a 114 minute
experiment interval. While the microarrays maintained in the carbon-filtered laboratory environment (ozone ~2-4 ppb) remained relatively unchanged with
time (top images), reduction in Cy5 in the uncontrolled ozone environment (ozone ~25 ppb) causes the microarray image to have a predominantly green

cast (bottom images).
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SECTION 5.2 DATA CLEANING AND TRANSFORMATION
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Figure 5.1: Plots of Cy3 vs. Cy5 for data set 5A. Human foreskin fibroblasts have been infected
with Toxoplasma gondii for a period of 1 hour. A sample has been prepared, labelled with Cy5
(red), and hybridised to a microarray with approximately 23,000 features. The Cy3 (green) channel
is a sample prepared from uninfected fibroblasts. Because the infectious period is short, most genes
in this experiment are not differentially expressed. (a) Scatterplot of the (background-subtracted)
raw intensities; each point on the graph represents a feature on the array, with the x coordi-
nate representing the Cy3 intensity, and the y coordinate representing the Cy5 intensity. The graph
shows two weaknesses of the raw data that would have a negative impact on further data analysis:

1. Most of the data is bunched in the bottom-left-hand corner, with very little data in the majority
of the plot.

2. The variability of the data increases with intensity, so that it is very small when the intensity is
small and very large when the intensity is large.
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Figure 5.1: (continued)

(b) Scatterplot of the log (to base 2) intensities. This plot is better than (a). The data is spread evenly
across the intensity range, and the variability of the data is the same at most intensities. The genes with
log intensity less than 5 have slightly higher variability, but these genes are very low expressed and are
below the detection level of microarray technology.

The straight line is a linear regression through the data. The linear regression is not perfect (the data
appears to bend upwards away from the line at high intensities), but is approximately right. The inter
ceptis 1.4, and the gradient is 0.88. If the two channels were behaving identically, the intercept would
be 0 and the gradient would be 1. We conclude that the two Cy dyes behave differently at different
intensities; this could result from differential dye incorporation or different responses of the dyes to the
lasers.
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Microarray Quality control

Control, normal microarray

Microarray with wash artifacts

Microarray with degraded total RNA

http://www.chem.agilent.com/Library/applications/5989-3056EN-72.pdf



OVTOAOVIEC

www.geneontology.org

EAeyXOMEVO AECIAGYIO VIO TNV TTEPIYPAPN TWV IDIOTATWYV TWV
YOVIQiWV Kal TWV TTPWTEIVWV.

[leprypagouv:

— Moplak€Eg Asitoupyieg Tou Biodopiou (1 R TTEPICOOTEPEG).

— BIoAoyIKEG DIAdIKATIEC OTIG OTTOIEC EUTTAEKETAI TO BIOMOPIO (1
N TTEPICOOTEPEG).

— KuTtTtapiko diauépioua aTo OTTOiI0 ouvavTtartal 1o Biouopio (1 n
TTEPICOOTEPQ).



OvTtoAoyiec: H doun Toug

Agixvel TIC OXEOEIC JETACU
TWV OIAPOPETIKWY OpWV.

‘Evag 6pog utropei va
QTTOTEAEI TTIO
eCEIOIKEUMEVN TTEPIYPAPN
EVOG AAAOU Opou.

Eival kateuBuvoueva
OKUKAIKG ypa@rjuara
(DAG).

[Mapouola e IEPApPXIES.

H diagpopa cival Ot Evag
KOMBOG-aTTOyovOoC UTTOPEI
Va EXEI TTEPICOOTEPOUG
aTTO £VAV TTPOYOVOUG.
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OvTtoAoyiec: H doun Toug

*  Qcewpoupe OTI av o€ £va BIOUOPIO AVTIOTOIXEI Eva Opog-ovToAoyia, TOTE
o€ auTo To Biopodplo avrikouv Kal 6Aol o1 TTpdyovol ToUu OPOU-OVTOAOYiIaC.
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OVTOAOVYIEC: OTATIOTIKN
avaAuaon

* [lapadeiyua:

1 yovidiwpa pe 10.000 yovidia.

1.000 yovidia euttAékovTal oTov KUTTapIKO KUKAO (GO _term: cell-cycle).
(10% TOU YOVIOIWUATOG).

Av emIAéCoupe Tuxaia Evav apiBud X yovidiwyv, Ba trepigévape (atrd Tuxn)
TrEPITTOU TO 10% (€ KATTOIEC DIAKUNAVOEIC) VA £€XOUV TOV Op0 “KUTTAPIKOG
KUKAOG.

H Tuxaia dlakuuavaon ecaptaTtal atmd Tov apliBud Twv yovidiwv.

‘EoTw OTI JE TA Microarrays o€ éva Treipapa Bprkape o1 X aplBuog yovidiwv
UTTEPEKPPAlOoVTAIL.

2€ autd Tov X apiBuod, BpRkaue 611 20% Twv yovidiwv avriKouv oTov
KUTTOPIKO KUKAO.

AuTA n attokAion (20% trapaTtnpoupevo - 10% avauevouevo) ival ota opla
TWV TUXaiwVv OIAKUPAVOEWV, I €ival OTATIOTIKA ONUAVTIKA?

e 2ZTATIOTIKA CNUAVTIKA, ONUaAivel 0TI TO UTTEPEKPPACUEVA Yovidla gival
EMTTAOUTIOMEVA YIA TNV KATNYOPIa “KUTTAPIKOG KUKAOG ”. AnAadr], 0 KUTTAPIKOG
KUKAOG EUTTAEKETAI OTNV OIABIKACIA TTOU PHEAETAE.



OvTOAOVIEC:
OTOTIOTIKN avaAuon

H oTamioTik avaAuon YiveTal UE TO UTTEPYEWMETPIKO TEOT.
[Maipvoupe €Eva p-value.
Av p-value < 0.05, 101€ €ival OTATIOTIKA ONUAVTIKO.

Av oTIG ovToAoyieg pag gixape 100 6poug, Ba ettavalauBdavaue Ta
TTAPATTAVW TEOTG YIA TOV KABE Opo.
Ouwg, 600 TTEPICCOTEPA TEOT KAVOUE VIO TO TTEIPANA pag, TO0O0
aucavel ) moavoTnTa va BPoule KATI OTATIOTIKA GnNUAvTIKO (p-value <
0.05) kaBapa atrd Aaboc.
Apa, TTpETTEl va AGBOUNE UTTOWNV YOG TTO0A TEOT DIEVEPYOUUE Kal va
dlopBwooupe Ta p-values (multiple testing correction).

— False discovery rate (Benjamini-Hochberger)

— Bonferroni correction



Micro-RNAS

Mikp& RNAs 110U puBuidouv (Kupiwg KaTaoTEAOUV)
TNV petaypapn Twv mRNAs

— Atodouion Tou mRNA.
— AvaoToAn TnG heTaypaens Tou mMRNA.

MéyeBog ~ 22 nt.

~1000 oTov avBpwTro.

PuBui¢ouv TToAAMG MRNAs (30%-100%).

‘Eva mi-RNA -> otoxeuel ToAAd mMRNAs.

[MoAAG mi-RNAs -> oTtoxeuouv 10 i610 mMRNA (hunting
pack).

‘ExOuV €CEIOIKEUMEVO TTPOYIA EKPPAOCNC VIO TOV KABE
1076 (Kai Kapkivo) (ouvriBwg oxeTidovtal Pe
OUYKEKPIUEVEG AVATTITUEIOKEG DIAdIKATIEG).
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Toxicology Applications

Circulating microRNAs, potential (=
biomarkers for drug-induced liver injury

Kai Wangil, Shile Zhang, Bruz Marzolf, Pamela Troisch, Amy Brightman,
Zhiyuan Hu, Leroy E. Hood: ! and David J. Galas
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Contributed by Leroy E. Hood, January 16, 2009 (received for review December 9, 2008)

Drug-induced liver injury is a frequent side effect of many drugs, constitutes a
significant threat to patient health and has an enormous economic impact on
health care expenditures. Numerous efforts have been made to identify reliable
and predictive markers to detect the early signs of drug-induced injury to the
liver, one of the most vulnerable organs in the body. These studies have,
however, not delivered any more informative candidates than the serum
aminotransferase markers that have been available for =30 vyears. Using
acetaminophen overdose-induced liver injury in the mouse as a model system,
we have observed highly significant differences in the spectrum and levels of
microRNAs in both liver tissues and in plasma between control and overdosed
animals. Based on our survey of microRNA expression among normal tissues,
some of the microRNAs, like messenger RNAs, display restricted tissue
distributions. A number of elevated circulating microRNAs in plasma collected
from acetaminophen-overdosed animals are highly expressed in the liver. We
have demonstrated that specific microRNA species, such as mir-122 and mir-
192, both are enriched in the liver tissue and exhibit dose- and exposure
duration-dependent changes in the plasma that parallel serum aminotransferase
levels and the histopathology of liver degeneration, but their changes can be
detected significantly earlier. These findings suggest the potential of using
specific circulating microRNAs as sensitive and informative biomarkers for drug-
induced liver injury.



Tocikn 0paon acetaminophen

‘EAgyxo¢ ue microarrays av Ta mi-RNA ptropouv va Katadeigouv Tnv
NTTATIKI KATAOTPO® METG ATTO Xoprynon ¢appdkou (acetaminophen
overdose).

2.€ KATAOTAON UTTEPXOPNYNONG, Ta METABOAIKA UOVOTTATIA TTOU
KaTtaBoAilouv TO APUOKO €ival O€ KOPETUO.

To mmAceovalov @ApPaKo UTTOKEITaI o€ KATABOAICHO atrd Eviupa TwV
P450 -> NAPQI (N-acetyl-p-benzoquinone imine) (TOgIKO).

NAPQI e€oudeTtepwveral atrd evOokuTTapikh yAouTtabiovn (GSH).
Ot NAPQI 1repiooeuel, TTPOKAAEI NTTATIKY KATACOTPOPN.

2.€ TTEPITTTWON UTTEPPOAIKAG OOONC acetaminophen (-> uTTEPPOAIKS
NAPQI), xopnyouue N-acetylcysteine (NAC) -> evdokuttapikd GSH.



METpNON TNGC TOCIKNG OPACNC
TOU acetaminophen

H toCIkoTnTa OEV epaviCeTal AUETWG.

Xpelaletal ypryyopn Kai agidotoTtn METPNON TNG TOCIKOTNTOC WE
QAIMATOAOYIKO EAEYXO (OPO).

METpnNon TG apvoTpavo@epAong Tou opou (KAaoaoikry HEB0DOG).

Bprikav mi-RNAs 110U ekpalovTal onuavTika oT1o ATTOP.

[MapakoAouBrjoav Tnv €K@PAct) TOUG OTO ATTAP WETA TN Xopriynon
acetaminophen Kai TTiong TTapakoAouBnoav Tnv avixveuor] Toug OToV
opO (AOYyw TMBAVAC NTTATIKAG KUTTAPIKAG KATAOTPOPNG).



Toxicology Applications

Selected miRNA shows opposite changes between liver and plasma samples based on
microarray results.
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Ta mi-RNAs atrodeixfnkav 1Tio acioTrioTol Kal
TTIO YPYOPOI! OEIKTEC NTTATIKAC KATAOTPOPNC
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