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Colon cancers are characterized by aberrant gene ex-
pression signatures associated with disease initiation
and progression. Identification of aberrant gene ex-
pression associated with colon carcinogenesis has in-
creased significantly with application of gene array
technologies. Downstream processing of these data
has been hindered by the lack of robust multiplexed
gene quantitative technologies facilitating study of the
identified multiple gene targets. The GenomeLab Ge-
netic Analysis System presents a novel technology
platform for quantitative multiplexed gene expres-
sion analysis. This report describes the custom design
of a GeXP multiplexed assay used to assess expression
profiles of 14 inflammatory gene targets in normal,
polyp, and tumor tissue. Characteristic normal,
polyp, and tumor tissue gene expression profiles
were obtained. Statistical analysis confirmed compa-
rable relative quantitation of gene expression using
the GeXP, macroarray, and single-plex real-time poly-
merase chain reaction assays. GeXP assays may be
usefully applied in clinical and regulatory studies of
multiple gene targets. This system permits custom-
design options for relative quantification of multiple
gene target expression, simultaneously in a single
reaction, using nanogram quantities of total RNA tem-
plate. The system provides an approach to advance
the study of multiple targets identified from gene ar-
ray analysis with potential for characterizing gene
expression signatures in clinical diagnostics. (J Mol
Diagn 2011, 13:233–242; DOI: 10.1016/j.jmoldx.2010.10.001)

Colon cancer is a multifactorial disease characterized by
aberrant regulation of gene expression. Recent applica-
tion of gene array technologies has facilitated high-
throughput screening to investigate the aberrant gene

expression implicated in the complex pathogenesis of
human cancers.1–4 Such studies have revealed novel
gene targets and signaling pathways that are currently
being investigated as markers of disease and as thera-
peutic and chemopreventive targets.3,4 It has become
clear from these studies that the multifaceted aberrant
gene expression in cancerous tissue will require parallel
investigation of multiple gene targets to permit patholog-
ical characterization and to investigate and assess ther-
apeutic and chemopreventive strategies. This presents a
major stumbling block to progress.

Verification of gene array–identified transcripts using
quantitative real-time PCR is time consuming, laborious,
and expensive. Real-time PCR is often used to validate
each gene identified by array analysis in single-plex re-
actions.5 This may result in several gene targets of inter-
est being validated for further study. However, the per-
sistent technical difficulties presented by multiplexed,
quantitative, real-time PCR limit further analysis of multi-
ple gene targets.6,7 This presents a dilemma as to which
validated gene targets should be selected as a priority for
downstream analysis of gene regulation, characterization
of gene signatures in diseased tissue, and responses to
therapeutics. Restricting analysis to a selected individual
gene target excludes the benefits of potentially instruc-
tive and insightful analysis by studying multiple targets in
parallel.

The GenomeLab GeXP Genetic Analysis System
(Beckman Coulter, Brea, CA) provides an alternative
technology for medium-throughput multiplexed quantita-
tive gene expression.8–11 Consequently, the GenomeLab
GeXP technology was applied here to custom design an
inflammatory cytokine multiplex of gene targets associ-
ated with early events in colon carcinogenesis. The se-
lected targets were identified in our laboratory by a gene
array study of inflammatory cytokine expression in human
normal, polyp, and tumor tissue corroborated by single-
plex, quantitative, real-time PCR.12 A number of the gene
targets selected are associated with inflammation in the
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gut and have been reported to show altered expression
in colon tumor tissue.13–17 Inflammation is widely recog-
nized as a component of cancer, with inflammatory bowel
diseases known to lead to increased risk of colon carci-
nogenesis.18,19 Hence, gastrointestinal inflammatory sig-
naling pathways and their regulation present key targets
for prevention and therapeutic intervention. Conse-
quently, 14 inflammatory cytokine signaling pathway tar-
gets were selected from these studies for further investi-
gation using the GenomeLab GeXP Genetic Analysis
System (Beckman Coulter). This report describes the de-
velopment and evaluation of an in-house custom-de-
signed GeXP assay of the identified inflammatory gene
targets associated with colon carcinogenesis that can be
applied to clinical and regulatory studies.

Materials and Methods

Colon Biopsy Specimens and Total RNA
Extraction

Colectomy specimens were kindly donated by the Ab-
erdeen colorectal tumor bank, described previously.20

Colectomy specimens were obtained from patients
(n � 7) undergoing surgical colectomy as treatment for
colorectal adenocarcinoma and examined histologi-
cally to confirm normal colonic mucosa, adenomatous
polyp, and colonic adenocarcinoma (Table 1). Tissues
were snap-frozen in liquid nitrogen and stored at
�80°C until use. Tissues representative of each stage
of normal colonic mucosa, adenomatous polyp, and
colonic adenocarcinoma were selected for gene ex-
pression analysis (Table 1).

Approximately 10 mg of each colon specimen was
RNA extracted using an RNeasy Mini Kit (Qiagen, Craw-
ley, UK), incorporating a DNase digestion. All of the ex-

Table 1. Colon Biopsy Specimens

Tissue ID Age (years) Sex Adenoma

671N 73 M
671P Sigmoid
671T Sigmoid
685N 65 M
685P Rectal
685T Rectal
698N 55 M
698P Sigmoid
698T Rectal
705N 79 F
705P Asc colon
705T Cecum
748N 71 M
748P Asc colon
748T Cecum
798N 75 F
798P Sigmoid
798T Rectum
847N 70 M
847P Asc colon
847T Hepatic flexure

N, normal; P, polyp; T, tumor; M, male; F, female; Mod diff, moderate
tracted RNA samples were analyzed using the Agilent
Bioanalyser (Agilent Technologies, Bracknell, UK). Quan-
titation for downstream processing was assessed using a
Nanodrop spectrophotometer (Nanodrop Technologies,
Wilmington, DE).

Custom Design of a Multiplex GeXP Assay of
Inflammatory Gene Targets, the hInflamPlex

Fourteen gene targets (Table 2) were selected for multi-
plexing from a study conducted previously to identify
inflammatory gene targets associated with early events in
colon carcinogenesis.12 The gene targets were identified
using an inflammatory cytokine–targeted macroarray
(Oligo-GEArray gene filter, Human Inflammatory Cyto-
kines and Receptors, OHS-011, Superarray Bioscience,
Frederick, MD), followed by single-plex SYBR real-time
PCR assays using RNA extracted from human normal
colon, polyp, and tumor biopsy samples12 (see Supple-
mental Tables S1–S3 at http://jmd.amjpathol.org/). The
gene target accession numbers were loaded into the Ge-
nome Lab GeXP database, together with reference genes
[glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
and beta-2-microglobulin (B2M)] to design suitable
gene-specific primers for reverse transcription and PCR
amplification (see Table 2) using GenomeLab eXpress
Designer GeXP Software (Beckman Coulter). Subse-
quently, a custom-designed multiplex GeXP assay of the
14 gene targets, the hInflamPlex, was created.

Reverse transcription and reverse PCR primers were
designed with a 3= gene-specific sequence and a 5=
end consisting of 19 bases of universal priming se-
quence. The forward PCR primers were designed with
a 3= gene-specific sequence and a 5= end consisting of
a different 18-nucleotide universal priming sequence.
The gene-specific primers were designed to generate
PCR amplicons that differ in size by 4 to 7 bp, ranging in

Histology Polyp size (cm)/cancer stage

denoma confirmed 1.0
od diff adenocarcinoma Dukes C1

denoma 1.0
od diff adenocarcinoma Dukes C1

denoma 2.0
od diff adenocarcinoma Dukes C1

denoma 0.9
od diff adenocarcinoma Dukes B

denoma N/A
od diff adenocarcinoma Dukes C1

denoma 1.5
od diff adenocarcinoma Dukes B

denoma 0.6
od diff adenocarcinoma Dukes A

entiated; Asc, ascending; N/A, not available.
A
M

A
M

A
M

A
M

A
M

A
M

A
M

size from 137 bp to 325 bp (Table 2). The 14 gene targets
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were incorporated, together with three reference genes
that included GAPDH and B2M (both used previously
as reference genes for normalization and calculation of
fold changes in single-plex real-time PCR assay of the
gene targets)12 (see Supplemental Tables S2 and S3 at
http://jmd.amjpathol.org) and an external synthetic refer-
ence control transcript Kan (supplied with the GeXP as-
say kit, Beckman Coulter) used to spike each reaction.
Two reference genes were selected for normalization as
recommended for relative quantitative gene expression
analysis.21,22 Primer sequences were evaluated using
BLAST searches to ensure specific amplification of the
designed PCR fragments. User-defined regions of the
listed sequences were selected for primer design
where targets were known to be members of a gene
family to exclude homologous regions likely to cause
mispriming and aberrant amplification. Reverse-phase
purified primers with universal sequences were pur-
chased from Sigma-Aldrich (Gillingham, Dorset, UK).

Optimization of the GeXP hInflamPlex Assay

The hInflamPlex was initially optimized using a mixture of
normal, polyp, and tumor biopsy total RNA (1:1:1) to test
individual primer pairs in single-plex GeXP PCR to ensure
a single amplicon of the correct size was generated for
each of the designed primer pairs. Subsequent optimi-
zation of the hInflamPlex incorporating multiplexed
primer pairs was conducted on the 1:1:1 total RNA mix
and also using individual normal, polyp, and tumor tem-
plates to characterize primer products obtained in multi-
plex reactions. No template and no reverse-transcriptase
controls were conducted to ensure the absence of non-
specific reaction products.

Total RNA (100 ng) was reverse transcribed using the
hInflamPlex primer mix and the Genome Lab GeXP Start
Kit (Beckman Coulter) according to the manufacturer’s
instructions. Briefly, a master mix of reagents was pre-
pared for reverse-transcription reactions conducted in

Table 2. Genes and Primers Used in the GeXP hInflamPlex Mult

Gene ID Symbol Forward primer

NM_004591 CCL20 5=GTGTGCGCAAATCCAAAAC-3=
NM_002090 CXCL3 5=CCCCATGGTTCAGAAAATCA-3=
NM_002046 GAPDH 5=CTCTCTGCTCCTCCTGTTCG-3=
NM_001065 TNFRSF1A 5=GGGTTATTGGACTGGTCCCT-3=
NM_001511 CXCL1 5=ATTCACCCCAAGAACATCCA-3=
NM_002985 CCL5 5=TCCTCATTGCTACTGCCCTC-3=
NM_005409 CXCL11 5=GCAAAGCTGAAGTAGCAGCA-3=
NM_002989 CCL21 5=CAGAGCTATGTGCAGACCCA-3=
NM_002089 CXCL2 5=TCGCCCATGGTTAAGAAAAT-3=
NM_005064 CCL23 5=ATGACCCTTTCTCATGCTGC-3=
NM_000628 IL10RB 5=GTCTGTGAGCAAACAACCCA-3=
NM_002619 CXCL4 5=GTGTGAAGACCACCTCCCAG-3=
NM_000577 IL1RN 5=GGAAGATGTGCCTGTCCTGT-3=
NM_000584 IL8 5=CTGCGCCAACACAGAAATTA-3=
NM_004048 B2 mol/L 5=AGGCTATCCAGCGTACTCCA-3=
NM_006274 CCL19 5=AGGACCTCAGCCAAGATGAA-3=

Kan(r) 5=ATCATCAGCATTGCATTCGATTCCT
96-well plate format as detailed in the GeXP Start Kit
(Beckman Coulter) instructions using 100 ng total RNA
per well. Reverse transcription was performed using a G-
Storm GS1 PCR cycler (Genetic Research Instrumentation,
Braintree, Esses, UK) and the reaction program protocol as
detailed in the GeXP Start Kit instructions: 48°C for 1 minute,
37°C for 5 minutes, 42°C for 60 minutes, 95°C for 5 minutes,
and then 4°C hold. An aliquot (9.3 �L) of each reverse-
transcription reaction was transferred to a new 96-well PCR
plate (Abgene, Epsom, UK) and PCR amplified with addi-
tion of Genome Lab kit PCR master mix prepared according
to the manufacturer’s instructions with addition of Abgene
Thermo-Start TaqDNA polymerase (3.5 U/well). The mas-
ter mix incorporates the gene-specific forward primers,
together with a fluorescently labeled universal forward
primer and unlabeled universal reverse primer. PCR was
performed using a G-Storm GS1 PCR cycler and reaction
program as detailed in Beckman Coulter’s GeXP Start Kit
protocol: 95°C for 10 minutes, followed by 40 cycles of
94°C for 30 seconds, 55°C for 30 seconds, 68°C for 1
minute, and then 4°C hold. The PCR products then were
prepared for fragment analysis using the Beckman
Coulter CEQ 8000 GeXP Genetic Analysis system. An
aliquot of PCR reaction (2 �L) was diluted 1:1 with 2 �L
10 mmol/L Tris pH 8.0 and 2 �L of this mixture was added
to 37.6 �L of sample loading solution and 0.4 �L CEQ
DNA Size Standard 400 (Beckman Coulter), giving a final
dilution of 1:40. The samples were mixed and placed in a
96-well CEQ electrophoresis plate and inserted into the
GeXP Genetic Analysis System for capillary electropho-
resis and fragment separation of amplicons using condi-
tions as follows: capillary temperature of 50°C, denatur-
ation at 90°C for 120 seconds, injection for 30 seconds at
2 kV, and separation at 6 kV for 40 minutes.

Next, a size fragment analysis was conducted using
the fragment analysis module of the GenomeLab GeXP
system software to generate electropherograms repre-
senting the electrophoresed and separated fragments
generated by GeXP eXpress Profiling. The raw data were
filtered to quality check data using the exclusion filter

T-PCR

Reverse primer

Product
size with

universals

Reverse
primer
(nM)

5=TTCCATTCCAGAAAAGCCAC-3= 137 500
5=ACCCTGCAGGAAGTGTCAAT-3= 144 500
5=ACGACCAAATCCGTTGACTC-3= 151 3.9
5=GTTCCTTTGTGGCACTTGGT-3= 158 500
5=TTAACTATGGGGGATGCAGG-3= 165 500
5=GAGCACTTGCCACTGGTGTA-3= 179 500
5=ATGCAAAGACAGCGTCCTCT-3= 186 500
5=TCAGTCCTCTTGCAGCCTTT-3= 200 1000
5=TCAAACACATTAGGCGCAAG-3= 215 1000
5=CTTATCACTGGGGTTGGCAC-3= 223 1000
5=TGGCCCAAAAACTCTTTCAG-3= 231 500
5=AAATGCACACACGTAGGCAG-3= 243 500
5=CCTTCGTCAGGCATATTGGT-3= 269 500
5=ATTGCATCTGGCAACCCTAC-3= 275 500
5=CGGCAGGCATACTCATCTTT-3= 284 3.9
5=GTAAACACCAGGCGGCTTTA-3= 316 1000

-3= 5=ATTCCGACTCGTCCAACATC-3= 325 500
iplex R
criteria recommended by the manufacturers. A visual
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inspection of each sample was conducted to ensure ab-
sence of unexpected peaks and that all signal peaks
were clearly defined. A size exclusion filter appropriate
for the custom-designed hInflamPlex then was applied to
detect signal peaks corresponding to the expected size
fragments. The generated fragment data, peak heights,
and peak areas then were assessed and imported into
the eXpress Analysis module to associate the experimen-
tal fragment sizes of CEQ analyzed reactions with corre-
sponding gene information associated with the custom-
designed hInflamPlex. GeXP eXpress Analysis software
was used to perform peak binning and normalize peak
area values against the incorporated reference genes
(B2M and GAPDH). Both B2M and GAPDH have been
used in previous gene expression analysis studies be-
cause these transcripts previously were shown to have
no significant variation of expression in a macroarray
analysis of total RNA extracted from normal, polyp, or
tumor colon specimens12 (see Supplemental Table S1 at
http://jmd.amjpathol.org). Attenuation of signals beyond
the linear range was achieved by reducing reverse-
primer concentration according to the manufacturer’s in-
structions. Primer concentrations used in optimized mul-
tiplex are listed (Table 2).

hInflamPlex Quantitative Gene Expression
Profiling of Colon Biopsy Tissues

The hInflamPlex then was applied to total RNA (100 ng in
triplicate) extracted from matched human normal colon,
polyp, and tumor (n � 7) (Table 1) tissue used in the
previous expression analysis studies using macroarray
(see Supplemental Table S1 at http://jmd.amjpathol.org)
and real-time PCR (see Supplemental Tables S2 and S3
at http://jmd.amjpathol.org). Reactions were conducted
and analyzed as described earlier. Raw data were ex-
ported using the GenomeLab express analysis bygene
export option and normalized to each of the reference
genes, GAPDH and B2M, incorporated in the multiplex.
The quantitative gene expression profiles generated by
hInflamPlex assay were measured.

Statistical Analysis

Gene expression of normal, polyp, and tumor tissues was
assayed using the hInflamPlex. Significantly altered gene
expression in polyp or tumor samples compared to nor-
mal tissue measured then was calculated using a paired
t-test.

Validation of hInflamPlex data (see Supplemental Ta-
bles S4 and S5 at http://jmd.amjpathol.org) against other
technology platforms was assessed by conducting sta-
tistical analysis of the corresponding relative quantitative
gene expression data obtained by inflammatory cytokine–
targeted macroarray (Oligo-GEArray gene filter, Human
Inflammatory Cytokines and Receptors, OHS-011, Super-
array Bioscience) (see Supplemental Table S1 at http://
jmd.amjpathol.org) and single-plex SYBR real-time PCR
assays (see Supplemental Tables S2 and S3 at http://

jmd.amjpathol.org). All of the data were obtained from
assay of total RNA extracted from the same normal colon
and polyp biopsy samples (Table 1).

To avoid unnecessary complexity, detailed statistical
comparisons were focused on normal versus polyp for
comparative study of the technologies. Because both
real-time PCR and GeXP data are available normalized to
two different reference genes (GAPDH and B2M) we
have five different data sets (macroarray data, GAPDH-
normalized real-time PCR data, B2M-normalized real-
time data, GAPDH-normalized GeXP data, and B2M-nor-
malized GeXP data) with 14 data points (a normal and
polyp biopsy sample for each of seven patients for each
of 14 genes). Comparable with the macroarray (see Sup-
plemental Table S1 at http://jmd.amjpathol.org) and real-
time PCR data (see Supplemental Tables S2 and S3 at
http://jmd.amjpathol.org), gene expression intensities
were log-transformed also for the GeXP data (see Sup-
plemental Tables S4 and S5 at http://jmd.amjpathol.org).
Two types of analyses were conducted. The first of these
tested for differences between the biopsy sample types
(normal and polyp) within each patient for each single
gene separately. The free statistical programming lan-
guage R was used for all analyses and a paired t-test was
applied for each gene in each data set to obtain five sets
of P values for the aforementioned five sets of gene
expression data. These values then were compared
across technologies and reference genes. The overall
correlation (Pearson’s correlation coefficient) between
the different types of gene expression measurement for
all genes also was calculated. In addition to the univariate
approach, a multivariate method was used to study the
overall information obtained from GeXP data. Principal
Component Analysis (PCA) was performed on all of the
patients for both GAPDH and B2M normalized samples to
study whether the observed GeXP assay expression pat-
terns were as well suited to detect the differences be-
tween sample types as the previously studied real-time
PCR technology.

Results

Design and Optimization of the Multiplex GeXP
hInflamPlex

Each gene-specific primer pair was initially tested in a
single-plex reaction. This determined that a single peak
of the expected size was generated, with no spurious
fragments produced. A multiplex primer mix of selected
gene-specific primers, the hInflamPlex (Table 2), then
was prepared for multiplex analysis. Several gene tar-
gets yielded low signal peaks in the multiplexed GeXP
assay. Hence, gene-specific reverse-primer concen-
trations were increased to improve detection in multiplex
reactions (Table 2). Conversely, GAPDH and B2M ap-
proached the upper limits of linearity for accurate quan-
titation by the GeXP system. Consequently, attenuation was
performed to reduce peak intensity by reducing gene-spe-
cific reverse-primer concentrations (Table 2). Selected
primer concentrations giving optimal signal detection of

the gene panel are listed in Table 2. Further attenuation
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was limited by the fact that high signal peaks in normal
tissue are often low or undetectable in polyp and tumor
tissues (Figure 1). Conversely, high signal peaks in polyp
and tumor tissues are often low or undetectable in normal
tissue. Other expected signal peaks occasionally absent
from specific biopsy types corresponded to targets ob-
served as down-regulated in that particular biopsy type.
These targets also yielded low amplification levels using
real-time PCR as typified by Ct values greater than 35
cycles.

hInflamPlex Gene Expression Profiling of
Inflammatory Gene Targets in Normal, Polyp,
and Tumor Tissue

The GeXP hInflamPlex custom-designed assay was
performed on total RNA extracted from human normal
colon, polyp, and tumor biopsy samples (Figure 1).
GeXP hInflamPlex data were normalized to two refer-
ence genes, GAPDH (Figure 2A) and B2M (Figure 2B),
as advocated for relative quantitation of gene expres-

Figure 1. Electropherograms showing quantitative multiplex GeXP-PCR of
human colon using custom designed hInflamPlex. The sizes of detected
amplicons in hInflamPlex assay of normal (A), polyp (B), and tumor (C) are
shown. See Table 1 for a comprehensive list of fragment sizes of amplicons
in hInflamPlex.
sion to calculate relative fold changes.21,22 Normalized
data are provided in Supplemental Tables S4 and S5
(http://jmd.amjpathol.org).

GAPDH normalized GeXP hInflamPlex assay revealed
significantly altered (P � 0.05) gene expression of 12 tar-
gets in polyp compared to normal tissue, chemokine (C-C)
motif ligand (CCL) 5, CCL19, CCL21, CCL23, IL10RB, tu-
mor necrosis factor superfamily 1A (TNFRSF1A), chemo-
kine (C-X-C) motif ligand (CXCL1), CXCL2, CXCL3,
CXCL4, IL8, and CXCL11 (Figure 2A). GAPDH normal-
ized hInflamPlex data indicate up-regulation of ILRN and
CCL20 in polyp compared to normal tissue, but this was
not significant (P � 0.05) (Table 3).

GAPDH normalized GeXP hInflamPlex assay revealed
significantly altered (P � 0.05) gene expression of eight
targets in tumor compared to normal tissue, CCL5,
CCL23, IL10RB, TNFRSF1A, CXCL1, CXCL2, CXCL3,
and IL8 (Figure 2A). CCL20, CXCL11, and CXCL4 were
not altered significantly.

B2M-normalized hInflamPlex gene expression data in-
dicated fewer gene targets were altered significantly in
comparison with GAPDH normalized data. B2M-normal-
ized GeXP hInflamPlex assay revealed significantly al-
tered (P � 0.05) gene expression of 10 targets in polyps
compared to normal tissue, CCL21, CCL23, IL10RB,
CCL20, CXCL1, CXCL2, CXCL3, CXCL4, IL8, and
CXCL11 (Figure 2B). CCL5, CCL19, and TNFRSF1A were
down-regulated in polyps, but this was not significant.
The hInflamPlex assay indicated an up-regulation of ILRN
gene expression in polyps, but this was not significant.

B2M-normalized GeXP hInflamPlex assay revealed
significantly altered (P � 0.05) gene expression of five
targets in tumor compared to normal tissue, CCL23,
CXCL1, CXCL2, CXCL3, and IL8 (Figure 2B). CCL21,
CCL5, IL10RB, CXCL4, and TNFRSF1A were not altered
significantly.

Statistical Validation Analysis of Gene
Expression Profiling Using the hInflamPlex

Gene expression profiles obtained using the hInflamPlex
data (see Supplemental Tables S4 and S5 at http://jmd.
amjpathol.org) were validated further by conducting sta-
tistical analysis with corresponding gene expression data
generated by Inflammatory Cytokines and Receptors
Oligo-GEArray (Superarray) (see Supplemental Table S1
at http://jmd.amjpathol.org) and real-time PCR (see Sup-
plemental Tables S2 and S3 at http://jmd.amjpathol.org).
Comparative analysis was confined to gene expression
data from normal and polyp tissues because greater
significant gene changes were observed between these
two tissue types. The gene expression profile patterns
obtained using the hInflamPlex GeXP assay were gen-
erally comparable with data obtained by both the
Oligo-GEArray macroarray and single-plex SYBR real-
time PCR assay. Gene expression changes in polyp
tissue compared to normal tissue using macroarray
and GAPDH- and B2M-normalized real-time PCR (see
Supplemental Tables S2 and S3, respectively, at http://

jmd.amjpathol.org) and GeXP hInflamPlex (see Supple-
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mental Table S1 at http://jmd.amjpathol.org) data were
compared (Table 3).

All three technologies are in accord with respect to
genes that are either up- or down-regulated in polyp
compared to normal tissue. Gene expression changes

Figure 2. Relative gene expression levels in human normal, polyp, and tumo
to internal reference genes in the hInflamPlex GAPDH (A) and B2M (B). The
and polyp and normal and tumor tissue, respectively. *P � 0.05.

Table 3. Gene Expression Changes in Polyp Tissue Compared to
mol/L–Normalized Real-Time PCR and GeXP hInflamPl

Gene
Macroarray

PCR
Real-time PCR

(GAPDH)

CCL5 2* 2*
CCL19 2* 2*
CCL21 2* 2*
CCL23 2* 2*
IL10RB 2* 2*
TNFRSF1A 2trend 2*
CCL20 1* 1*
CXCL1 1* 1*
CXCL2 1* 1*
CXCL3 1* 1*
CXCL4 1* 1trend

IL8 1* 1
CXCL11 1* 1*
IL1RN 1trend 1

Data normalized to GAPDH and �2-microglobulin (B2 mol/L).
trend
P � 0.1.
*P � 0.05.
measured were not always significant at the level of P �
0.05 with respect to both reference genes or with all three
technologies. GeXP expression data identified signifi-
cantly up- or down-regulated genes (CCL21, CCL23,
IL10RB, CXCL1, CXCL2, CXCL3, and CXCL11) in agree-

generated using the GeXP hInflamPlex assay. Gene expression is normalized
d dotted lines indicate significant differences in expression between normal

al Tissue Using Macroarray and GAPDH- and B2

Real-time PCR
(B2 mol/L)

GeXP
(GAPDH)

GeXP
(B2 mol/L)

2* 2* 2
2* 2* 2
2* 2* 2*
2* 2* 2*
2* 2* 2*
2 2* 2
1* 1 1*
1* 1* 1*
1* 1* 1*
1* 1* 1*
1* 1* 1*
1* 1* 1*
1* 1* 1*
1* 1 1
r tissue
Norm
ex Data
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ment with both macroarray and real-time, single-plex as-
say GAPDH- and B2M-normalized data (Table 3). CCL5
and CCL19 were both down-regulated in polyp com-
pared to normal tissue, but this was not significant using
B2M-normalized hInflamPlex data (Table 3). Likewise,
TNFRSF1A was down-regulated, but not significantly, in
polyp compared to normal tissue in either B2M-normal-
ized hInflamPlex or real-time PCR data (Table 3).
TNFRSF1A showed a trend (P � 0.1) toward down-reg-
ulation in macroarray data (Table 3). CXCL4 up-regula-
tion in polyp compared to normal tissue was significant in
all of the data sets except GAPDH-normalized real-time
PCR data, which indicated only a trend toward up-regu-
lation (Table 3). Likewise, IL-8 up-regulation was not sig-
nificant in GAPDH-normalized real-time PCR data (Table
3). ILRN was up-regulated, but this did not reach signif-
icance in hInflamPlex data or B2M-normalized real-time
PCR data. However, macroarray analysis only showed an
upward trend in ILRN gene expression in polyp com-
pared to normal tissue (Table 3).

Positive correlations were observed between hInflam-
Plex data and macroarray (Table 4) and real-time PCR
(Table 5) data. The majority vary between 0.5 and 0.9,
indicating that there is some technical variability and that
this variability changes from gene to gene. It should be
noted that using identical technology on the same sam-
ples twice will not result in a correlation of 1 because of
the inherent technical variability of these assays. Also
note that most studies correlating gene expression mea-
surements between different technologies (eg, microar-
rays and RT-PCR) state correlations of average fold
changes across genes. This averaging process will re-
duce variability and the overall correlation given in these
studies and also masks the gene-specific differences
that we observe here.

PCA was used to further explore the data generated from
the two PCR-based technologies to establish whether bi-
opsy types (normal and polyp) can be characterized by
variation in gene expression. Principal component analy-
sis is widely used23 in gene expression analysis and
other high-throughput studies to give a two-dimensional
representation of high-dimensional data in which the di-
mensions of the original data are given by the number of

Table 4. Correlation of GAPDH- and B2 mol/L–Normalized
GeXP hInflamPlex Data With Macroarray Data From
Human Normal Colon and Polyp Tissue

Gene GAPDH B2 mol/L

CCL5 0.81 0.61
CCL19 0.76 0.71
CCL21 0.63 0.60
CCL23 0.64 0.65
IL10RB 0.48 0.11
TNFRSF1A 0.51 0.30
CCL20 0.79 0.88
CXCL1 0.84 0.94
CXCL2 0.92 0.94
CXCL3 0.60 0.70
CXCL4 0.47 0.81
IL8 0.84 0.86
CXCL11 0.52 0.50

IL1RN 0.65 0.62
genes, 14 in this case. The principal components (PCs) in
such an analysis are weighted sums of the original vari-
ables (genes) that explain most of the variability in the
data. Figure 3 shows the plots of the first two PCs for the
four datasets (2 technologies � 2 housekeeping genes).
Note that the units of the PCs have no direct biological
interpretation. The relevant information is in the relative
position of the points/samples to each other. The arrows
in these plots indicate the contribution of the genes to the
PCs (eg, a long arrow pointing right in a horizontal direc-
tion indicates a large contribution of the corresponding
gene to PC 1, whereas a long arrow pointing down in a
vertical direction shows a large negative contribution of
the gene to PC2).

The principal component plots (Figure 3) are based on
a PCA of all 14 genes and reveal a global picture of how
using either of the two PCR-based technologies allows us
to separate between normal and polyp samples. Com-
parison of PCA plots on GeXP assay data and real-time
PCR data were compared to determine whether both
technologies yielded comparable plots. PCA was con-
ducted using data normalized to either GAPDH (Figure 3,
A and B) or B2M (Figure 3, C and D). For both technol-
ogies and both housekeeping genes the first principal
component is able to completely separate the two types
of samples and we also see other similar features (eg, in
both plots with GAPDH as housekeeper the polyp sample
of subject 748 appears as an outlier on PC2).

Discussion

Recent studies have reported application of the novel
GenomeLab GeXP Genetic Analysis System (Beckman
Coulter) to characterize gene expression profiles.8–11

The technology has been applied successfully in this
report to produce an in-house custom-designed assay
used to characterize expression profiles of inflammatory
cytokines in normal, polyp, and tumor tissues. Further
validation of the use of GeXP profiling then was assessed
by conducting a correlation analysis of gene expression
data obtained from corresponding normal and polyp tis-

Table 5. Correlation of GAPDH- and B2 mol/L–Normalized
GeXP hInflamPlex Data With Real-Time PCR Data
From Human Normal Colon and Polyp Tissue

Gene GAPDH B2 mol/L

CCL5 0.92 0.77
CCL19 0.65 0.67
CCL21 0.72 0.73
CCL23 0.72 0.63
IL10RB 0.90 0.40
TNFRSF1A 0.87 0.78
CCL20 0.87 0.87
CXCL1 0.80 0.87
CXCL2 0.81 0.89
CXCL3 0.94 0.96
CXCL4 0.61 0.68
IL8 0.45 0.66
CXCL11 0.88 0.87
IL1RN 0.62 0.61
sue by macroarray (see Supplemental Table S1 at http://

http://jmd.amjpathol.org
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jmd.amjpathol.org) and real-time single-plex SYBR PCR as-
says (see Supplemental Tables S2 and S3 at http://
jmd.amjpathol.org).

GeXP profiling uses multiplex gene-specific reverse
transcription of total RNA (50 to 100 ng) with gene-spe-
cific primers incorporating a 5= universal adaptor se-
quence. PCR using a limiting amount of gene-specific
forward primer with a 5= universal adaptor sequence and
addition of universal dye-labeled forward and unlabeled
reverse primer pairs applies well-characterized princi-
ples and procedures. The adoption of universal primers
for the latter stage of PCR results in maintenance of the
gene ratios of multiplexed targets in the RNA extracts.
PCR reaction products then are subject to capillary elec-
trophoresis using a Beckman CEQ 8800 and fragment
sizes assessed by means of the dye-labeled forward
primer used in the PCR reaction. Fragment analysis to
obtain peak areas and normalization using internal refer-
ence genes are assessed using the Althea Technologies
eXpression Profiling Analysis software (Beckman). The
ratios thus obtained are used to determine gene expres-
sion changes in the experimental samples.

The GeXP assay facilitates incorporation of several
reference genes, permitting validation of relative gene
expression data using multiple reference genes as advo-
cated.22,23 GeXP expression data thus were normalized

to two different reference genes, GAPDH (see Supple-
mental Table S4 at http://jmd.amjpathol.org) and B2M
(see Supplemental Table S5 at http://jmd.amjpathol.org).
Both reference genes selected generate broadly similar
results, providing added confidence in those gene ex-
pression changes that are altered significantly relative to
both reference genes. The exceptions were TNFRSF1A
and CCL20. TNFRSF1A expression was reduced in polyp
and tumor tissue compared to normal tissue, but this was
not significant in B2M-normalized data. CCL20 expression
was increased in polyp and tumor tissue compared to nor-
mal, but this was not significant in GAPDH-normalized data.
This study lends further support to reports advocating the
importance of reference gene selection and the use of
more than one reference gene in normalizing relative
quantitative gene expression data.21,22,24–26 Those gene
targets showing variation thus can be identified and sub-
jected to further interrogation to ascertain significantly
altered regulation. Alternatively, gene targets showing
variable profiles can be identified and eliminated from
multiplex assays that are used to characterize gene ex-
pression profiles in biopsy samples. The GeXP expres-
sion profiles reveal increased expression of a number of
inflammatory cytokines in polyp tissue as well as tumor
tissue (see Figure 2). A number of these previously have
been reported to be increased in gut inflammation and or
colon tumors.13–17 They also have been reported to be

Figure 3. PCA of GAPDH- and B2M-normalized
GeXP hInflamPlex and real-time data from seven
human normal colon (N) and polyp (P) tissues.
The tissue IDs shown on the PCA plots are listed in
Table 1. GeXP hInflamPlex data normalized
to GAPDH (A), real-time PCR data normalized to
GAPDH (B), GeXP hInflamPlex data normalized
to B2M (C), and real-time PCR data normalized to
B2M (D).
involved in angiogenesis27 and metastasis.28,29 Notably,

http://jmd.amjpathol.org
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some of the gene targets that exhibit reduced expression
in polyp and tumor tissue (Figure 2) have been linked to
antitumor activity.30

In this report gene expression data obtained by macroar-
ray (see Supplemental Table S1 at http://jmd.amjpathol.
org) and real-time PCR (see Supplemental Tables S2
and S3 at http://jmd.amjpathol.org) of normal and polyp
tissues were used to further validate the in-house cus-
tom-designed GeXP hInflamPlex data (see Supple-
mental Tables S4 and S5 at http://jmd.amjpathol.org).
The gene expression profile patterns obtained using the
hInflamPlex GeXP assay were generally comparable with
previous results obtained by macroarray (see Supple-
mental Table S1 at http://jmd.amjpathol.org) and real-time
PCR (see Supplemental Tables S2 and S3 at http://jmd.
amjpathol.org) and are summarized in Table 3. GeXP
expression data identified significantly up- or down-reg-
ulated genes (CCL21, CCL23, IL10RB, CXCL1, CXCL2,
CXCL3, and CXCL11) in agreement with both macroarray
and real-time, single-plex assay GAPDH- and B2M-nor-
malized data (Table 3).

Notably, all three technologies are in accord with re-
spect to genes that are either up- or down-regulated in
polyp compared to normal tissue (Table 3). However, the
changes measured are not always significant at the level
of P � 0.05 with respect to both reference genes or with
all three technologies (Table 3). Overall, the correlations
tend to be slightly higher with the real-time PCR data
(Tables 4 and 5). This is plausible because the GeXP and
real-time PCR technologies are related more closely to
each other than to the macroarray approach. Disparities
in significant gene changes may be attributed to a com-
bination of factors relating to the sometimes highly vari-
able gene expression levels of individual targets in the
biological samples tested and the technology platform
applied.

First, some of the gene targets exhibited markedly
different expression in polyp compared to normal colon
tissue. Low expression levels can result in markedly dif-
ferent values obtained from analysis of the data. Very low
and extremely high signal intensity on macroarrays, as-
sociated with genes expressed at low and high levels,
respectively, will be at the extreme ends of the linear
range and consequently provide less accurate data.
Conversely, real-time PCR technologies can reduce this
effect as low expressed gene targets are amplified. How-
ever, the primer assays and PCR platforms used can
have a significant impact on the efficiency of amplifica-
tion of gene targets. Notably, less consistent gene ex-
pression levels are obtained by all three technologies
when gene targets exhibit a high degree of interindividual
variation or expression levels are low in the biological
samples being tested.

Second, macroarray and PCR-based technologies
markedly differ in the principles applied to assess relative
quantitation of gene expression. Thus, slight differences
in relative quantitation levels are not unexpected and
studies have been conducted to assess differences in
relative gene expression data obtained using different
technology platforms.5,31,32 Macroarray analysis relies on

hybridization of labeled cDNA to probe regions on a
nylon filter, whereas real-time PCR and GeXP assays
involve PCR amplification procedures using primer as-
says. The preparation of labeled cDNA required for mac-
roarray analysis thus is significantly different from produc-
tion of reverse-transcribed cDNA for use as a template for
PCR amplification. This can result in changes in the profile
of the cDNA generated from the starting total RNA template.
Both real-time PCR and GeXP assays measure relative
quantitation of amplified transcripts. This increases sensi-
tivity and produces more robust data of genes with low
expression. However, amplification procedures may alter
relative expression profiles compared to those generated
for macroarray analysis.

It also should be noted that the choice of data analysis
method (eg, pre-processing methods, data transforma-
tion) applied also can influence the final results of a
study.22,25,26,33 Thus, it is not unexpected that the three
technology platforms yield slight variations in significantly
altered genes.

In conclusion, GeXP expression profiling assays gen-
erate quantitative gene expression data that are compa-
rable to macroarray and real-time PCR analysis. Notably,
GeXP assay has considerable advantages compared to
other relative quantitative gene expression assays. Gene
expression data can be gathered from multiple targets
simultaneously, permitting more rapid analysis at re-
duced costs when compared to real-time PCR assays.
Relative quantitation of gene expression is feasible using
very small amounts of total RNA, facilitating gene expres-
sion analysis of small and/or scarce biopsy samples.
GeXP custom-design options permit applications for val-
idation of multiple gene targets identified from micro/
macroarray studies. Importantly, more than one refer-
ence gene can be incorporated to increase confidence of
significant relative quantitative gene expression data ob-
tained, in line with current recommendations.24 The flex-
ibility to multiplex gene targets using GeXP assays
contributes a considerable advantage in downstream
studies of multiple gene targets to investigate studies
of gene function and regulation and assess gene pro-
files in clinical diagnostics.
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