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Application Notes

Clinical Application Note

The success of GeneChip® microarrays
in advancing molecular medicine has
been demonstrated by a growing
number of published studies. This
application note reviews some key
clinical studies in the areas of leukemia,
inflammatory diseases and diabetes
that have used GeneChip arrays for
gene expression and DNA analyses.
These studies are intended as exam-
ples of the kinds of discoveries that are
possible with microarrays, from basic
discovery to the later stages in the drug
development pipeline, and highlight
the importance of microarrays toward
optimizing patient care in the future.

Scientists need a better understanding of

the molecular mechanisms responsible for

complex biological processes to develop

more effective drugs and diagnostic tools

for the detection and treatment of disease.

The Affymetrix GeneChip® System, which

supports both DNA and RNA analysis on

a single, integrated platform, provides a

global view of molecular pathways and

genetic polymorphisms critical to under-

standing disease. This ability to study the

entire expressed genome, as we know it,

has led to insights into the involvement of

diverse molecular interactions as well as

the pathologies that result from their dis-

ruption. This may ultimately lead to new

drug targets, therapeutics with fewer side

effects, and better diagnostic tools to detect

disease. 

The success of microarrays in advancing

molecular medicine has been demonstrated

by the large numbers of recent publica-

tions. Many of the early discoveries with

microarrays on human disease were focused

on cancers, specifically leukemias and lym-

phomas, and thus a significant body of

work has accumulated in this area. In recent

years, the spectrum of diseases studied with

microarrays has expanded considerably.

New insights have been gained into solid

tumors as well as several non-cancerous

diseases such as lupus, psoriasis, diabetes,

hypertension, and infectious diseases, to

name a few (Ref 1).

Affymetrix GeneChip arrays are now

being used to generate gene expression

data in clinical trials by pharmaceutical

companies, thus extending their impor-

tance in the drug development process

beyond drug target discovery and target

validation studies. In drug development,

pharmaceutical companies are using the

Affymetrix GeneChip platform to increase

certainty in drug development via

improved target identification, to gain a

better understanding of mechanism-of-

action, and identify signatures or specific

biomarkers that can form the basis of

patient stratification and pharmaco-

genomic approaches. 

This paper reviews studies that have used

GeneChip arrays and serve as examples of

the kinds of discoveries that are possible

with microarrays, from basic discovery to

the later stages in the drug development

pipeline.   

Leukemias

In 1995, researchers at the Whitehead

Institute demonstrated that gene expres-

sion profiles could distinguish between

Acute Myeloblastic Leukemia (AML) and

Acute Lymphoblastic Leukemia (ALL).

Their results showed that microarray analy-

sis was able to differentiate between these

pathologically similar diseases with as

much accuracy as the battery of time-con-

suming and labor intensive tests that are

conventionally used (Ref 2).  

A series of publications from St. Jude

Children’s Research Hospital in Tennessee

reports the use of gene expression profiles

to further illuminate the field of pediatric

ALL. In 2002, Yeoh and colleagues showed

how gene expression profiles classified the

known prognostic subtypes of ALL with

high accuracy, identified a novel subtype

that was not uncovered by conventional

methods, and predicted outcome for some

subtypes (Ref 3). They studied 327

patients using the HG-U95Av2 arrays,



bearing probes representing approximately

12,000 distinct transcripts.  More recently,

Ross et al chose 132 representative cases

from the same patient cohort, and per-

formed classification studies using the next

generation human arrays, namely the 

HG-U133 A and B set, bearing probes rep-

resenting an estimated 39,000 transcripts

(Ref 4). As shown in Fig 1, the previously

identified novel subtype (split into two

groups here) was easily identified with

these arrays, as were the known prognostic

subtypes.

The candidate genes reported for pedi-

atric ALL by Yeoh et al were validated in an

independent patient cohort of 34 adult

leukemia patients at the Ludwig-

Maximilians-University in Germany by

Kohlmann et al (Ref 5).  They demonstrat-

ed that the childhood ALL signatures were

also capable of distinguishing the respec-

tive adult ALL subtypes. This finding sug-

gests that there may exist common thera-

peutic targets in pediatric and adult ALL

patients.

Cheok et al from St. Jude Children's

Research Hospital in Tennessee revealed

insights into the mmeecchhaanniissmm  ooff  aaccttiioonn of

commonly used chemotherapeutic agents,

and demonstrated through gene expression

profiles that these agents acted through

different pathways when used in combina-

tion than when applied singly (Ref 6). Fig 2

shows the distinct groups of genes that are

altered by these drugs when used in combi-

nation. Valk et al at the Erasmus

University Medical Center in Rotterdam

studied 285 patients using HG-U133A

arrays.  They used gene expression signa-

tures from peripheral blood or bone mar-

row to perform a comprehensive classifica-

tion of AML into 16 distinct groups 

consisting of known subtypes as well as a

novel subtype that indicated poor treat-

ment outcome (Ref 7).  

The importance of microarray analysis in

providing optimal patient care in the

future is stressed by Louis Staudt of the

NIH, who, in review articles on lymphoid

malignancies (Ref 8, 9), advocates using

gene expression profiling in new clinical

trials.

Inflammatory Diseases

Psoriasis and systemic lupus erythematosus

(SLE) are chronic inflammatory diseases

whose etiology and pathogenesis have chal-

lenged researchers for years. Some recent

genome-wide gene expression profiling

studies (Ref 10-15) have provided new

insights into these diseases.  

Although treatment options for psoriasis

have not changed much over the past 20

years, many new anti-inflammatory or

immune-modulating drugs are now being

tested. In a study that compared involved

and uninvolved skin from psoriatic patients

to skin from unaffected controls,

Oestreicher et al (Ref 10) used HuGeneFL

arrays to identify a set of differentially

expressed genes that were specific to 

psoriasis. Next, by obtaining samples from

patients in a longitudinal study who 

were treated with an experimental

immunomodulatory drug or with a 

commonly used immunosuppressant, the

authors identified gene expression changes

that precede clinical improvement and thus

may play a more causal role in disease pro-

gression. They showed that some of these

changes may be targets for therapeutic

intervention, and others may serve as mark-

ers of ttrreeaattmmeenntt  eeffffiiccaaccyy  aanndd  oouuttccoommee.  

Zhou et al (Ref 12) used the HG-U95 A-E

set of arrays and revealed the perturbation

of a wide range of biological processes

including several immune signaling path-

ways, and also provided possible explana-

tions for the mmeecchhaanniissmm  ooff  aaccttiioonn of thera-

peutic agents that are currently under eval-

uation. More recently, Nomura et al (Ref

13) used the HG-U95Av2 array to generate

gene expression profiles that distinguish

between psoriasis and atopic dermatitis

(AD), showing the disease-specific pattern

G E N E  E X P R E S S I O N  M O N I T O R I N G

Figure 1: Expression profile of pediatric ALL diagnostic bone marrow blasts. Shown is a 2-dimen-
sional hierarchic cluster of 132 pediatric ALL diagnostic bone narrow samples (columns) versus
the top 100 chi-square ranked probe sets (rows) for each of the 6 diagnostic subgroups of ALL.
There were 12 probe sets identified as useful in discriminating more than one class and they are
represented only once in the diagram. Probe set signal values are normalized to the mean for the
dataset, and values for each individual case are represented by a color, with red representing
deviation above the mean and green representing deviation below the mean. Genetic subtypes
are indicated across the bottom of the panel. (Figure provided by Ross et al, Ref 4) 
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of tissue inflammatory responses in these

two common diseases. Such findings show

the potential for a more precise ddiiaaggnnoossiiss of

psoriasis and AD.  

Two groups discovered that the interferon

(IFN) pathway is perturbed in SLE patients

(Ref 14, 15), and went on to extend their

findings beyond this initial discovery.

Bennett and colleagues showed that the

mmeecchhaanniissmm  ooff  aaccttiioonn of the standard treat-

ment for lupus flares, namely high-dose

glucocorticoid treatment, is by the down-

regulation of the IFN pathway.  Baechler et al

elucidated a potential ppaattiieenntt  ssttrraattiiffiiccaattiioonn

strategy. They calculated an IFN score for

each patient and control, based on gene

expression levels of genes in the IFN cluster.

On examining the correlation between the

IFN score and the clinical features associated

with SLE, they found that a high IFN score

is strongly associated with the most severe

manifestations of SLE (Fig. 3), thus identify-

ing a group of patients most likely to 

benefit from therapies targeting the IFN

pathway.

Diabetes

Gene expression studies as well as genome-

wide linkage analyses using microarrays
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Figure 3: The IFN expression signature identifies a clinical subset of SLE patients with severe
disease. (A) A numerical score was calculated by using the normalized expression levels of the
14 IFN-regulated genes that comprise the IFN signature. The differences between patients and
controls were significant, p-2.8 x 10-7. (B) Linear regression analysis demonstrates a significant
correlation between IFN score and the number of SLE disease criteria (r-0.51, p-0.0002). 
(C) Patients were divided into two groups: IFN-high, the 24 patients with the highest IFN scores;
and IFN-low, the 24 patients with the lowest scores. The data compare the two groups for num-
ber of ACR criteria for SLE (minimum of 4 to establish the disease, maximum of 11), p-0.0002.
(D) The data compare the percent of patients in the IFN-high and IFN-low groups with ACR-
defined criteria for renal and/or CNS disease (p-7.7 x 10-6) or hematologic involvement (p-6.1 x 10-9). 
(Figure provided by Baechler et al, Ref 14)

have been employed to study diabetes.  

Type 2 diabetes affects more than 100

million individuals worldwide, and is a
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Figure 2: The number of genes unregulated or downregulated (by at least 50%) in at least 70%
of individuals after treatment with methotrexate alone (HDMTX; orange), mercaptopurine alone
(MP; green) or the combination of the drugs (HDMTX+MP). Genes whose expression changed
in a consistent manner with the drug combination (HDMTX+MP) and with each agent given
alone are indicated as orange (methotrexate) or green (mercaptopurine) in the bars depicting
changes after the drug combination, whereas blue indicates the number of genes whose expres-
sion changed after combination treatment but not after treatment with either agent alone.
Changes in gene expression after single agents versus the combination differed significantly
(p<0.001). (Figure provided by Cheok et al, Ref 6) 

leading cause of blindness, kidney failure,

loss of limb and heart disease. Sreekumar et

al (Ref 16) used Hu6800 arrays to perform

expression profiling on muscle biopsies

from diabetic patients and unaffected indi-

viduals, identifying genes and pathways

involved in pathogenesis. By studying

samples from patients before and after

intensive insulin treatment, they were able

to identify genes whose expression levels

were (1) restored on treatment, represent-

ing genes involved in insulin mechanism

of action and (2) not restored on treatment,

representing genes in a non-insulin path-

way, that could be new targets for therapy.

Additionally, they identified a set of genes

that were altered specifically by insulin

treatment, which may be involved in treat-

ment-induced complications. These results

are summarized in Figure 4.  

Mootha et al (Ref 17) also studied HG-

U133A array gene expression profiles of

diabetic muscle in patients with type 2
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Figure 4: A schematic representation of the results obtained by Sreekumar et al (Reference 16).
The green circle shows 85 transcripts altered in type 2 diabetes patients. These may be involved
in the molecular basis of disease. The blue circle shows 103 transcripts that were altered on insulin
treatment. 74 transcripts altered in disease (shown in the overlapping region) showed restored
expression levels after insulin treatment and may be responsible for preventable chronic compli-
cations. They may play a role in the mechanism of action of insulin. 11 transcripts were not altered
by insulin treatment, and may represent candidate genes for the pathogenesis of muscle insulin
resistance. They may also include drug targets in the non-insulin pathway. 29 transcripts were
altered specifically by insulin treatment and may be involved in treatment-induced complications.

diabetes mellitus (DM2). They devised an

analytical strategy termed Gene Set

Enrichment Analysis that allowed them to

identify a biological pathway, namely

genes involved in oxidative phosphoryla-

tion, which showed reduced expression in

diabetic muscle. If further studies show

that these genes are indeed responsible for

the clinical characteristics of DM2, they

would be important targets for DM2 pre-

vention and therapy.

DNA Analysis

Although microarrays have been predomi-

nantly used for performing gene expression

studies, they can also be used for the ssttuuddyy

ooff  ggeenneettiicc  vvaarriiaattiioonn among individuals, 

the most common of which are single

nucleotide polymorphisms (SSNNPPss). SNP

analysis is useful for a variety of applica-

tions, such as lliinnkkaaggee  aannaallyyssiiss to identify

disease markers, loss of heterozygosity

(LLOOHH) analysis to identify tumor suppressor

genes, and aassssoocciiaattiioonn  ssttuuddiieess to link SNPs

to patient drug responses.

REFERENCE

1. Affymetrix online Scientific Publications Database.
https://www.affymetrix.com/community/
publications/index.affx 

2. Golub, T. R. et al. Science, 286(5439), 531-7, (1999).

3. Yeoh, E. J. et al. Cancer Cell 1(2), 133-43, (2002).

4. Ross, M. E. et al. Blood, 102(8), 2951-2959, (2003).

5. Kohlmann et al. Leukemia, 18, 63-71, (2004).  

6. Cheok, M. H. et al.   
Nature Genetics, 34(1), 85-90, (2003).

7. Valk, P.J. et al. N Engl J Med, 350(16), 1617-28, (2004)

8. Davis, R. E. and Staudt, L.M. 
Current Opinion in Hematology, 9(4), 333-8, (2002).

9. Staudt, L. Cancer Cell, 1(2), 109-110, (2002).

10.Oestreicher, J. L. et al.  The Pharmacogenomics 
Journal, 1(4), 272-87, (2001).

11. Bowcock, A. M. et al. Human Molecular 
Genetics, 10(17), 1793-805, (2001).

12.Zhou, X. et al. 
Physiological Genomics, 13(1), 69-78, (2003).

13.Nomura, I. et al. J. Allergy Clin. Immunol., 
112 (6), 1195-202, (2003 Dec;)

14.Baechler, E. C. et al. Proceedings of the National 
Academy of Sciences , 100(5), 2610-5, (2003).

15.Bennett, L. et al. Journal of Experimental 
Medicine, 197(6), 711-23, (2003).

16.Sreekumar, R. et al. Diabetes, 51, 1913-1920, 
(2003).

17. Mootha, V.K. et al. Nature Genetics, 34 (3), 
267-273, (2003).

18.Sellick et al. Diabetes, 52, 2636-2538, (2003).

19.Hoque, M. O. et al.
Cancer Research, 63(9), 2216-22, (2003).

20.Dumur, C. I. et al. Genomics, 81(3), 260-9, (2003).

21. Lindblad-Toh, K. et al.   
Nature Biotechnology, 18(9), 1001-5, (2000).

22. Wang ZC, et al.    
Cancer Res., 64(1), 64-71, (2004 Jan.).

23. Bignell, G.R. et al.    
Genome Res., 14(2), 287-95, (2004).

A novel gene locus for neonatal diabetes

was identified by Sellick et al (Ref 18) by

genome-wide lliinnkkaaggee  aannaallyyssiiss of a large 

consanguineous family on the GeneChip

Human Mapping 10K Array Xba 131.

LLOOHH regions have been identified in blad-

der cancer, prostate cancer and small-cell

lung carcinomas samples (Ref 19-21) with

HuSNP arrays bearing probes representing

1500 SNPs.  More recently, researchers at

the Dana Farber Cancer Institute have

identified LOH regions in lung and breast

cancer cell lines and lung tumors using the

Mapping 10K array (Ref 22). Bignell et al

(Ref 23) used an Affymetrix SNP research

array bearing oligonucleotides represent-

ing approximately 8500 SNPs to identify

genotype information as well as changes in

DNA copy number in 20 cancer cell lines.

The ability to perform both analyses on a

single platform allows greater insight into

cancer genetics. Further information

regarding LOH analysis using GeneChip

Mapping 10K arrays can be found at the

Affymetrix web site.* 

*Under the data sheet entitled “Affymetrix solutions
for Cancer Research”.

Summary

Whole genome analyses at both RNA 

and DNA levels have already brought

about significant advances in biomedical

research. The GeneChip System provides

the global view of the genome necessary for

studying disease states, identifying thera-

peutic targets, and can form the basis for

assessing treatment efficacy and patient

stratification approaches. The depth and

breadth of information that is being gener-

ated with GeneChip technology ensures its

role in the practice of molecular medicine.
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