
CEBP Focus: Biomarkers and Biospecimens
978

Published OnlineFirst March 23, 2010; DOI: 10.1158/1055-9965.EPI-10-0064 
Comparison of mRNA and Protein Measures of Cytokines
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Background: mRNA expression signatures are frequently used as surrogate measures of cellular function
and pathway changes. Few studies have directly compared results obtained using gene expression and
multiplex protein assays for corresponding gene products.

Methods: We used data available from a clinical trial of a human papillomavirus-16 vaccine that tracked
gene expression and cytokine/chemokine production by peripheral blood mononuclear cells stimulated in
culture with various antigens to evaluate the degree to which gene expression levels reflect observed levels
of cytokines/chemokines. Twenty-six women enrolled in a phase II clinical trial of a human papillomavirus-
16 vaccine were evaluated for gene expression (using the Affymetrix Human Genome Focus Array) and
cytokine/chemokine levels (using a bead-based 22-plex cytokine assay developed by Linco Research, Inc.)
before and after vaccination.

Results: Our results suggest the presence of a wide range of correlations between mRNA expression and
secreted protein levels. The strongest correlation was observed for IFN-γ (R = 0.90 overall levels; R = 0.69 when
vaccine induced changes were evaluated). More modest overall correlations ranging from 0.40 to 0.80 were
observed for MIP1A, IP10, TNF-α, MCP1, IL-2, GM-CSF, IL-5, RANTES, and IL-8. Weaker or no correlation
was observed between gene expression and protein levels for the remaining cytokines/chemokines evaluated.

Conclusion: The degree of correlation between gene expression and protein levels varied among different
cytokines/chemokines.

Impact: Researchers should be cautious when using mRNA expression array results as a proxy for protein
levels using existing technologies. Cancer Epidemiol Biomarkers Prev; 19(4); 978–81. ©2010 AACR.
Introduction

With the development of microarray technology for
gene expression (1) andmultiplexing technologies for pro-
tein measurements (2), scientists are able to study many
molecular candidate markers including both mRNA and
protein markers. Gene array technologies permit global
evaluation of expression patterns in away that is currently
not yet possible at the protein level due to the proteome
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complexity. Because biological processes are typically
driven by proteins, mRNA expression signature results
are often thought of as a proxy for functional pathway
changes, which involve changes in protein levels. This
requires the assumption that global differences in mRNA
levels reflect differences in protein levels. Few studies
have attempted to directly compare mRNA expression
and protein measures to determine how closely mRNA
expression levels reflect levels of their corresponding
proteins and those that have revealed weak to moderate
correlations between these markers (3-6).
As part of our effort to understand immunologic re-

sponses following vaccination with the new virus-like
particle (VLP) human papillomavirus (HPV) vaccine
(7-9), we have measured gene expression profiles (using
the Human Genome Focus Array from the Affymetrix
GeneChip) and levels of cytokines/chemokines (using a
bead-based multiplex cytokine assay developed by Linco
Research, Inc.) in cultured peripheral blood mononuclear
cells (PBMC) obtained from individuals vaccinated with
an HPV-16 VLP vaccine. This provided the opportunity
for us to directly compare results obtained from an expres-
sion array with those obtained by directly measuring
. © 2010 American Association for Cancer Research. 
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protein levels of cytokines in supernatants from the same
biological specimens. Here, we report the results from this
direct comparison and the implications of our findings.

Materials and Methods

Study design
Details of our study design have been reported previ-

ously (9). In brief, we studied 26 (19 vaccine recipients
and 7 placebo recipients) women 18 to 25 y of age who
participated in a phase II clinical trial of an HPV-16 L1
VLP vaccine without adjuvant (Novavax) conducted at
the Johns Hopkins Center for Immunization Research
(9). Blood specimens used for our evaluation were col-
lected from participants before the first vaccine dose
was administered (pre-vax) and at month 2 (1 mo after
the second dose was administered; post-vax). Cryopre-
served PBMCs obtained from the blood specimens were
used to perform the assays described below. The Johns
Hopkins University Institutional Review Board ap-
proved the protocol for this study.

Laboratory methods
Microarray gene expression analysis and multiplex

cytokine assay were done on PBMC cultures after 72 h of
www.aacrjournals.org
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culturing as previously described (7-9). In brief, cryopre-
served PBMCs were thawed and cultured (10 × 106 cells
total; cultured at 2.0 × 106 cells/mL in a volume of 5 mL)
for 72 h at 37°C. Cells were cultured in single wells in vitro
with HPV-16 L1 VLP (2.5 μg/mL), influenza A virus (Flu,
H3N2, 1:100; American Type Culture Collection), Sf9/ba-
culovirus insect cell lysate (BAC, 0.1 μg/mL; Novavax), or
medium. Medium was used as a background measure-
ment for untreated cells. Supernatants and cell pellets were
obtained from the same well. Cell-free supernatants were
aliquoted, frozen at −80°C, and then subsequently thawed
for cytokine/chemokine testing in duplicate using the 22-
plex cytokine assay developed by Linco Research, as
previously described (8). Remaining supernatant and cell
pellets were used for the total RNA extractions, frozen at
−80°C, and subsequently used for microarray gene expres-
sion testing using the Affymetrix Human Genome Focus
Array as previously described (7).

Statistical analysis
Analysis of the expression array data was limited to the

probes thatmapped to genes coding for the cytokines/che-
mokines in our multiplex panel (listed in Table 1). IL-7 and
IL-12 protein expression levels were below the detection
limits for all specimens tested and these two cytokines
were therefore not considered further for this analysis.
Expression values in the media-alone culture were con-

sidered as background measurements. Expression values
in treated cultures (VLP, Flu, and BAC) were corrected
for background by subtracting the results of the media-
alone culture. In a similar fashion, cytokine values were
expressed as the levels observed after subtraction of back-
ground levels observed in the media-alone culture. The
means of duplicate cytokine values were used for the anal-
ysis. The resultant values were used to address the ques-
tion of whether individual assay results correlated with
each other. In addition, because we were interested in de-
termining whether changes in immune responses over
time (i.e., post-vax responses relative to pre-vax responses)
could be evaluated using mRNA- and protein-based ar-
rays, differences in expression and protein levels post-vax
minus pre-vax were also calculated and compared.
We used the Spearman correlation to determine the

magnitude of the correlation between gene expression
and its corresponding protein level. We present the re-
sults in table format that combines vaccine and placebo
recipients, the various culture conditions used, and the
two time points tested (unless otherwise noted). Notable
findings from analyses that stratified on these factors
are presented in the text.

Results

As shown inTable 1 andFig. 1, correlations between gene
expression and secreted protein levels varied for the vari-
ous markers evaluated. When we evaluated all results
regardless of condition or time point, the strongest
correlation was observed for IFN-γ (R = 0.90, P < 0.0001).
Table 1. Correlations between mRNA and
protein measures of cytokines
Gene,
cytokine

All
all
conditions/
time points
All conditions/
post-vax − pre-vax
208200_at, IL-1A
 −0.01
 −0.39*

39402_at, IL-1B
 0.01
 0.004

207849_at, IL-2
 0.55†
 0.18

207539_s_at, IL-4
 0.17
 0.25

207952_at, IL-5
 0.41†
 0.39‡
205207_at, IL-6
 0.31†
 0.36‡
211506_s_at, IL-8
 0.24†
 0.49†
207433_at, IL-10
 0.15
 0.23

207844_at, IL-13
 0.29‡
 0.26‡
205992_s_at, IL-15
 0.19‡
 0.15

208402_at, IL-17A
 −0.02
 −0.17

220273_at, IL-17B
 0.04
 −0.03

210354_at, IFN-γ
 0.90†
 0.69†
207442_at, G-CSF
 0.21‡
 0.17

210229_s_at, GM-CSF
 0.53†
 0.17

207113_s_at, TNF
 0.60†
 0.21

210133_at, eotaxin
 0.05
 −0.09

216598_s_at, MCP1
 0.56†
 0.56†
205114_s_at, MIP1A
 0.78†
 0.38‡
204533_at, IP10
 0.62†
 0.28‡
204655_at, RANTES
 0.41†
 −0.12
*P < 0.01.
†P < 0.0001.
‡P < 0.05.
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Correlations that were 0.60 or higher were observed for an
additional threemarkers:MIP1A (R= 0.78,P< 0.0001), IP10
(R = 0.62, P < 0.0001), and TNF-α (R = 0.60, P < 0.0001).
Modest correlations on the order of 0.40 to 0.59 were ob-
served for five markers: MCP1 (R = 0.56, P < 0.0001), IL-2
(R = 0.55, P < 0.0001), GM-CSF (R = 0.53, P < 0.0001), IL-5
(R = 0.41, P < 0.0001), and RANTES (R = 0.41, P < 0.0001).
When changes over time (post-vax minus pre-vax) were

evaluated, we typically observed weaker correlations
(−0.39 to 0.69) than those observed when all results were
evaluated (−0.01 to 0.90). The strongest correlation between
gene expression and protein levels was again observed for
IFN-γ (R = 0.69, P < 0.0001). The only other markers where
correlations of 0.40 or greater were observed were MCP1
(R = 0.56, P < 0.0001) and IL-8 (R = 0.49, P < 0.0001).
When the individual culture conditions were examined

separately (VLP, FLU, and BAC), the correlations ob-
served ranked similarly to the ranking observed using
all conditions combined (Spearman correlation of the
ranking of the correlations varied from 0.66 for FLU, all
time points, to 0.90 for VLP, post-vax minus pre-vax),
with the exception of BAC (Spearman correlation of the
ranking of the correlations was 0.34). It is interesting to
note that correlations were weakest for BAC (as expected
because BAC was used as a negative control in our assay)
and strongest for VLP.
Cancer Epidemiol Biomarkers Prev; 19(4) April 2010
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Discussion

In this study, we directly compared gene expression and
secretedprotein levels for a set of cytokines/chemokines us-
ing genemicroarray and proteinmultiplexing technologies.
Our results suggest that although for some cytokines/

chemokines, expression levels closely mirror protein le-
vels (IFN-γ, MIP1A, IP10, and TNF-α) or moderately par-
allel protein levels (IL-2, GM-CSF, IL-5, RANTES, and
MCP1), for other markers this is not the case (IL-1A, IL-
1B, IL-4, IL-6, IL-8, IL-10, IL-13, IL-17A, IL-17B, G-CSF,
and eotaxin).
The imperfect and variable correlation between mRNA

and protein levels is in agreement with previous reports
(4, 10-13) and can be explained by posttranscriptional
and posttranslational regulation and by misclassification
due to measurement errors (14-17). The different levels of
inaccuracy, noise, and sensitivity and dynamic ranges of
the methods used for transcript and protein analysis
likely contribute to the lack of correlation observed for
several of the markers examined (18-23). In addition,
the measurement of levels of secreted cytokines instead
of total intracellular levels may also have contributed in
part to the differences between the two measures.
The presence of misclassification error is supported by

the lower correlations observed when the post-vax minus
Figure 1. Correlations between gene expression levels measured by microarray and protein levels of cytokines determined by Luminex bead arrays. All data
are shown as log 2 and refer to all conditions and time points tested. X axis, protein levels (in pg/mL); Y axis, gene expression levels.
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pre-vax measures were examined, as it involves the dif-
ference between two measures, each with error, making
the error larger and therefore biasing the results toward
the null. In addition, the lower correlations observed in
post-vax minus pre-vax measures might arise from dif-
ferences in dynamic range between the two assays. Alter-
native methods tomeasure gene expression levels, such as
reverse transcription-PCR methods, might have a greater
dynamic range and therefore theoretically allow for a
more precise quantitation of expression levels than the
microarray method (24). This, in turn, could increase the
agreement between RNA expression and protein mea-
sures. Having said this, our previous attempts to confirm
microarray findings using reverse transcription-PCR
methods have suggested that the expression pattern of
the genes selected for confirmation concurredwith themi-
croarray data for a small subset of markers evaluated (7).
Regardless of the exact reason for the lack of correla-

tion observed (i.e., whether technical and/or true biolo-
gical differences), individuals who use expression array
tools should be mindful of the fact that levels of changes
in expression detected by the Affymetrix microarrays
do not always reflect the levels of changes in secreted
proteins detected using currently available protein arrays.
Thus, it is possible that different profiles/signatures may
result from these two technologies.
In summary, our comparison of expression and protein

levels for a set of 20 cytokines/chemokines suggests that
www.aacrjournals.org
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the expression results obtained from microarrays do not
necessarily correlate with the secreted protein levels de-
tected by a Luminex-based technology. Investigators who
use currently available expression array tools should be
careful not to assume that mRNA expression changes
identified by expression studies would necessarily reflect
similar changes in corresponding protein levels. Im-
provement of gene probe set definition, method accuracy
for absolute concentrations of DNA and protein, and use
of proteomic techniques might help improve our under-
standing of the relationship between mRNA expression
and protein production.
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