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Abstract

Background: We have previously reported the induction of many interferon stimulated genes (ISGs) in PBMC
collected from patients infected with HCV at various times after initiation of interferon-ribavirin treatment using
DNA microarrays to identify changes in gene expression with time. Almost as many genes are down regulated
(suppressed) during interferon-ribavirin treatment as are up regulated.

Methods: DNA microarrays were analyzed by different software, including MAS5 (Affymetrix-Kegg) and GSEA (gene
set enrichment analysis) to identify specific pathways both up regulated and down regulated. Data was assessed
from a clinical trial, which was a microarray analysis from 68 patients.

Results: Up regulated genes included genes associated with NF-kb, toll like receptor cytokine -cytokine interaction,
and complement and adhesion pathways. The most prominent pathway down regulated was that for ribosomal
structural proteins, and eukaryotic translational factors. Down regulation of ribosomal protein genes continued
through the treatment up to the last measurement, which was at day 28.

Conclusions: This suppression of the protein synthetic apparatus might explain the long-term side effects of
interferon-ribavirin, and explain a non-specific effect of interferon-ribavirin on viral protein synthesis. There was no
evidence for unique transcription factors or micro RNA involvement.

Keywords: Ribosomal proteins, Transcription factors, Interferon, Ribavirin, Hepatitis C

Introduction
Hepatitis C virus (HCV) infection is a significant global
public health problem, affecting approximately 150 million
individuals worldwide and over 4 million in the United
States alone, where it is the predominant blood-borne
infection [1]. It is currently the leading indication for a
liver transplant and is responsible for 8,000-10,000 deaths
annually. Treatment with Interferon -a has formed the
backbone of therapy against HCV, first as mono-therapy,
then in combination with the nucleoside analogue riba-
virin. Current standard of care for chronic HCV infection
consists of a regimen of pegylated interferon in combina-
tion with ribavirin and more recently the addition of a

protease inhibitor [2]. The combination of pegylated IFN-
alpha and ribavirin successfully eradicates the virus from
50-60% of those treated depending on antigenic strain of
the virus and race of the patient. Genotype 1a and 1 b the
most prevalent genotypes in the USA are the most difficult
to eradicate, and the sustained response rate among Afri-
can Americans is lower than that found in other racial
groups [3].
Conventional analysis of DNA microarrays between

control (before treatment) and interferon treated samples
results in large lists of genes induced or down regulated
that in many cases appear to be unconnected [4,5]. In the
typical experiment one looks for fold increases in expres-
sion of specific genes, using paired Student’s t-test to
assess significance between the different treatments (or
classes). We have reported that approximately 1,000
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genes are modified in gene expression in RNA isolated
from PBMC of hepatitis C patients being treated with
Pegasys/ribavirin [5] using a 1.5 fold cut off and a p value
of < 0.001. Utilizing a mathematical approach in which
we compared clustering of patient response with gene
expression we have identified 36 genes that appear to be
closely correlated with the antiviral response [6] An alter-
native method of analyzing microarrays, called gene set
enrichment analysis (GSEA) has been published. This
approach utilizes our knowledge of specific pathways,
chromosomal location, presence of common DNA
sequences and different transcription binding sites, and
instead of giving each gene a statistical value it deter-
mines whether members of a gene set S tend to occur
toward the top (or bottom) of the list L, which will corre-
late with phenotype. This approach has been successfully
used in analyzing data from muscle biopsies from dia-
betics vs. healthy controls [7]. The method revealed that
genes involved in oxidative phosphorylation (OXPHOS)
show reduced expression in diabetics, although the aver-
age decrease per gene is only 20%. Thus this method can
identify pathways that may be important, since a 20%
increase or decrease in specific metabolic pathways may
affect the outcome of many disease situations and might
not be detected by the software used to analyze microar-
rays, which usually is set at a two-fold increase or
decrease and a p value of < 0.001. In our previous work
we have emphasized as have others the role of gene
induced following interferon/ribavirin treatment but
ignored genes suppressed or down regulated
In this paper we present a reanalysis of data from a large

clinical trials, Virahep C, in which DNA microarrays were
performed on PBMC from 68 patients receiving a regimen
of interferon-alpha 2a (Pegasys)/ribavirin. In particular we
noted the suppression of gene transcription in the riboso-
mal proteins-eukaryotic translation and elongation factor
pathways.

Materials and methods
Patient treatment and samples
The patient samples used in this study have previously
been described [5]. Approval was received from the
Indiana University Human Subjects Committee.

RNA extraction
Peripheral Blood Mononuclear Cell (PBMC) Preparation
and RNA extraction were as previously described [5,8,9].

RNA labeling and hybridization
Preparation of cDNA, cRNA, and labeling were carried
out according to the protocols recommended by Affy-
metrix in the GeneChip® Expression Analysis Technical
Manual (Affymetrix, Santa Clara, CA), as previously
described [9].

Array analysis and data processing
The Human Genome U133A microarray containing
22,000 genes was used. The microarrays were scanned
using a dedicated Model 3000 scanner, controlled by
Affymetrix Microarray Suite 5 software (MAS5). Global
scaling to a target intensity of 1,000 normalized the
average intensity on each array. Data were exported
from MAS5 into a custom-designed database (MicroAr-
ray Data Portal) at the Center for Medical Genomics
(IUPUI, Indianapolis). For GSEA analysis no filters were
applied to the gene sets, thus all 22,000 genes at each
time point were used for this analysis

GSEA analysis
We used the GSEA software [10] to identify pathways
that appeared to be over expressed in one or other of
our phenotypic classes. GSEA evaluates a query micro-
array dataset using a collection of gene sets. The Q
value for determining significance was an FDR of < 0.25

Results
We have previously reported that the transcription of a
large number of genes is induced or increased above
background in PBMC harvested from patients with hepa-
titis C during the course of treatment with pegylated-
Interferon-alpha (Pegasys) and ribavirin [5,8] Although
the transcription of an equal number of genes is down-
regulated we have not previously attempted to classify
them by pathway analysis. We have reanalyzed this data
using alternative methods of analysis including GSEA
[10], and other methods that classify genes by pathways
rather than as individual genes. The results of GSEA ana-
lysis are presented in Table 1 using a False Detection
Rate (FDR) calculation of < 0.025 for both pathways up
regulated and down regulated, using the latest Kegg and
Reactome classification. The number of pathways
induced declines by day 7 reflecting the return to near
normal levels of gene transcription within a week of initi-
ating treatment and the transient nature of much of the
interferon response [8]. Day 28 was the last day in which
data was available. The major pathways induced are
DNA sensing pathways and the RIG-I like receptor sig-
naling pathway reflecting binding of dsRNA to toll -like
receptors. The only pathway down regulated at the level
of FDR, 0.25 in this group of patients following treatment
is the ribosomal pathway including ribosomal proteins
initiation factors and elongation factors required for pro-
tein synthesis. The down regulated genes and fold differ-
ence following treatment at day 1 and 2 are presented in
Table 2 and Table 3.
Figure 1(a-e) present heat map of the ribosomal pro-

teins and other genes related to translation of proteins
at the various times during treatment compared to
before treatment.
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Table 1 PBMC treated with IFN/ribavirin.

Day 1 enrichment # of genes

Pathway SIZE FDR
q-val

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 31 0.00

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 40 0.00

Table 1 PBMC treated with IFN/ribavirin. (Continued)

KEGG_PROTEASOME 41 0.02

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 70 0.02

KEGG_LYSOSOME 88 0.04

KEGG_TRYPTOPHAN_METABOLISM 17 0.04

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 21 0.06

KEGG_CITRATE_CYCLE_TCA_CYCLE 25 0.09

KEGG_CHEMOKINE_SIGNALING_PATHWAY 104 0.15

KEGG_LEISHMANIA_INFECTION 51 0.15

KEGG_SNARE_INTERACTIONS_IN_VESICULAR_TRANSPORT 27 0.21

KEGG_APOPTOSIS 64 0.20

KEGG_PPAR_SIGNALING_PATHWAY 26 0.20

Day 1 down regulated

KEGG_RIBOSOME 76 0.14

Day 2 enrichment

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 40 0.00

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 31 0.00

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 69 0.00

KEGG_LYSOSOME 88 0.02

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 23 0.04

KEGG_PROTEASOME 41 0.06

KEGG_CHEMOKINE_SIGNALING_PATHWAY 103 0.08

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 95 0.12

KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 37 0.15

KEGG_SNARE_INTERACTIONS_IN_VESICULAR_TRANSPORT 27 0.15

KEGG_APOPTOSIS 65 0.19

Day 2 down regulated

KEGG_RIBOSOME 76 0.15

Day 7 enrichment

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 39 0.00

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 30 0.00

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 66 0.09

KEGG_APOPTOSIS 61 0.15

Day 7 down regulated

KEGG RIBOSOME 76 0.20

Day 14 enrichment

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 39 0.00

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 31 0.00

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 67 0.13

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 21 0.18

KEGG_PROTEASOME 41 0.22

Day 14 down regulated

KEGG_RIBOSOME 76 0.18

Day 28 enrichment

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 38 0.00

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 30 0.00

Day 28 down regulated

KEGG_RIBOSOME 76 0.25

Table 2 List of ribosomal genes down regulated at day 1
and day 2 with fold difference.

Ribosomal protein Day 1 Day 2

RPL10 -1.67 -1.45

RPL10 -1.58 -1.47

RPL10A -1.60 -1.52

RPL13 -1.87 -1.65

RPL13 -1.75 -1.57

RPL13 -1.58 -1.48

RPL13 -1.49 -1.46

RPL13 -1.50 -1.41

RPL13A -1.53 -1.41

RPL15 -1.60 -1.46

RPL18 -1.61 -1.51

RPL18A -2.06 -1.52

RPL22 -1.79 -1.63

RPL27AP -1.68 -1.44

RPL29 -1.87 -1.50

RPL29 -1.71 -1.45

RPL3 -2.13 -1.74

RPL3 -1.62 -1.53

RPL3 -1.58 -1.50

RPL3 -1.57 -1.46

RPL35 -1.37 -1.36

RPL35A -1.58 -1.37

RPL36 -1.53 -1.31

RPL4 -1.78 -1.72

RPL4 -1.83 -1.77

RPL4 -1.61 -1.56

RPL4 -1.83 -1.77

RPL6 -1.42 -1.35

RPL8 -1.71 -1.52

RPLP0 -1.89 -1.65

RPLP0 -1.47 -1.37

RPS10L -1.53 -1.48

RPS14 -1.90 -1.67

RPS16 -1.57 -1.48

RPS19 -1.52 -1.32

RPS19 -1.45 -1.30

RPS2 -1.80 -1.34

RPS2 -1.60 -1.43
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Figure 2 presents the enrichment data for ribosomal
proteins and translation factors. A cluster at the top or
bottom of the graph indicates significance. Unlike many
other pathways, the suppression of ribosomal proteins
and translation factors remains constant through out
the treatment period. Although it is weaker at day 7, 14
etc., when much of the interferon/ribavirin effect has
worn off.

Discussion
Treatment of HCV patients with pegylated interferon
and ribavirin results in a suppression of expression of
mRNA for ribosomal proteins and factors involved in
protein synthesis, in PBMC isolated from patients. This

suppression is global for ribosomal proteins and eukar-
yotic translation factors and persists through out the
treatment period up to 28 days. The extent of down reg-
ulation is approximately 50%.
We have previously reported the down regulation of a

few individual ribosomal proteins and translation factors
in PBMC in vitro and in vivo [5,9] following treatment
with Interferon/ribavirin. In this paper we show that
this is a global effect on the transcription of ribosomal
protein genes. We have examined the effect of ribavirin
alone on PBMC in vitro and find some decrease in
mitochondrial ribosomal protein transcription but not
on cytoplasmic ribosomal proteins (data not shown).
Jiang et al. [11] reported the suppression of ribosomal
protein L23 transcription during growth of a melanoma
in culture treated with interferon alpha, beta and
gamma but in the absence of ribavirin.
Meier et al. 2003 [12] reported the inhibition of DNA,

RNA and protein synthesis in vitro on PBMC treated
with PHA in the presence of high doses of ribavirin. This
was a general effect and could be reversed by the addition
of guanosine. A thorough analysis by Wadell et al. [13]
shows a few ribosomal protein genes as being down regu-
lated by IFN-beta and IFN-gamma in PBMC, although
not by IFN-alpha. However the fold cut off used in these
experiments as in our earlier experiments would not pick
up the whole pathway. Thus it is likely that the combina-
tion of Interferon and ribavirin specifically affects tran-
scription of the protein synthetic apparatus.
Unlike other genes affected by interferon/ribavirin

treatment where we see transient changes in ISGs 6 days
after interferon treatment, the down regulation of tran-
scription of ribosomal proteins appears to be quite
constant.
Interferon by itself has previously been shown to inhibit

protein synthesis in a specific manner. This is through the
dsRNA pathway in which RNAse L is activated and
degrades viral RNA [14,15]. However it is unlikely that
this down regulation of ribosomal protein gene mRNA is
the result of non-specific RNA degradation since there is
no effect over all in amounts of specific RNA in the cell as
judged by the large number of genes (the majority) not
affected by interferon/ribavirin treatment.
PKR an interferon induced (and activated) enzyme has

been shown to phosphorylate eukaryotic initiation factor
(EIF2) resulting in inhibition of viral protein synthesis
[16]. Phosphorylation of eIF2 may have an effect on over-
all protein synthesis, however this is unlikely the case
here since there is no evidence for general inhibition of
protein synthesis. The expression of most genes is con-
stant, and only a small percentage are either induced or
suppressed. That viral protein synthesis in inhibited is
shown by the decrease in viral titer during treatment in
responding patients [5]. However the decrease in

Table 2 List of ribosomal genes down regulated at day 1
and day 2 with fold difference. (Continued)

RPS28 -1.69 -1.54

RPS3 -1.52 -1.35

RPS5 -2.02 -1.82

RPS6 -1.55 -1.47

RPS6 -1.41 -1.38

RPS7 -1.45 -1.35

RPS8 -1.56 -1.55

RPS9 -1.46 -1.33

RPS9 -1.47 -1.37

(average from 68 patients including non-responders

Table 3 Elongation and Initiation factors down regulated

Elongation factor Day 1 Day 2

EEF1B2 -1.69 -1.69

EEF1D -1.67 -1.53

EEF1G -1.68 -1.62

EEF1G -1.68 -1.61

EEF1G -1.68 -1.62

EEF2 -1.95 -1.76

EEF2 -1.70 -1.54

Initiation factor

EIF2AK3 -1.50 -1.41

eIF3k -1.30 -1.29

eIF3k -1.26 -1.28

eIF3k -1.18 -1.21

EIF3S5 -1.52 -1.53

EIF3S6IP -1.90 -1.87

EIF3S7 -1.38 -1.38

EIF3S8 -1.19 -1.27

EIF4B -2.20 -1.97

EIF4B -2.38 -2.07

EIF4B -1.58 -1.42

EIF5B -1.31 -1.36
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ribosomal protein gene transcription occurs even in non-
responding patients, although to a slightly lower level.
This is in keeping with our previous data in which we
have shown that in non-responsive patients there is a
general blunting of the interferon/ribavirin effect [5].
MicroRNAs have been implicated in regulation of

immune response in lymphocytes and in particular
miRNA-146a has been shown to inhibit by a feed back
mechanism the expression of interferon inducible genes.
However a search of known microRNAs has not shown
any relationship to ribosomal mRNA or Eukaryotic

translation factors. It is possible that unknown micro-
RNAs interact with common sequences in these genes
and suppress transcription or degrade these RNAs. How-
ever this is purely speculative. We also were unable to
find any common transcriptional regulatory sequence
upstream of these genes. Previous reports [17-19] have
indicated a possible role for c-myc in regulating riboso-
mal protein transcription, however level of c-myc at the
transcription level is unaffected by interferon/ribavirin in
our analysis. It is likely that as cells slow down in growth,
and undergo apoptosis that the rate of ribosomal protein

Figure 1 Heat map of ribosomal protein and translation factor pathway. Heat map from day 1, 2, 7, 14 and 28 days after treatment
initiation.
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and other proteins involved in translation will also
decrease. We have previously noted (unpublished data)
that myc transcription is significantly down regulated in
a b-cell line, Daudi following treatment with interferon-
alpha. Thus the decrease reported here might reflect a
decrease in ribosomal protein transcription in one class
of immune cells.
The finding of a general decrease in the protein transla-

tion machinery would be an effective way of inhibiting
virus. Viral load decrease often occurs in vivo a few days
after the initial treatment with interferon/ribavirin. How-
ever this drug combination may also partially inhibit host
protein synthesis in general, and lead to a variety of side
effects in the patients. This could in part be an explanation

for the flu like symptoms and anemia often seen in
patients undergoing treatment with interferon/ribavirin.
Whether this is due to interferon alone, or only occurs in
the presence of ribavirin is not clear, although experiments
in which PBMC were treated only with ribavirin did not
show this effect on ribosomal proteins. However the levels
used in these experiments may have been too low. This
effect was not found in other cell lines treated with inter-
feron in vitro and thus may be unique to PBMC [20] or to
the combination treatment.

Conclusions
During treatment of hepatitis C patients with interferon/
ribavirin there is up regulation and down regulation of

Figure 2 Enrichment plot of Ribosomal proteins and translation factors at day 1 after initiation of treatment.
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transcription of many genes. In this analysis we show
that the genes for ribosomal proteins, and eukaryotic
transcription and translation factors are down regulated
at all time points measured (day 1,2,7,14, and 28). Down
regulation of these genes has not been found in other
cell types treated with interferon alone in vitro. We sug-
gest that these data may explain in part the side effects
often noted following interferon/ribavirin treatment as
well as an early inhibition of viral replication.

Acknowledgments
This work was partially supported by Korea National Research Foundation
0543-20110016 to SK.

Author details
1School of Informatics and Computing, Indiana University, Bloomington, IN,
USA. 2Department of Biology, Indiana University, Bloomington, IN, USA.
3Department of Computer Science and Engineering, Bioinformatics Institute,
Interdisciplinary Program in Bioinformatics, Seoul National University, Seoul,
Korea.

Authors’ contributions
RG worked on this project towards a MS degree in informatics: MWT
developed the data and helped with the analysis. KS helped with data
analysis and statistics, and was mentor to RG. All authors read and approved
the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 27 November 2011 Accepted: 22 March 2012
Published: 22 March 2012

References
1. Wong JB, McQuillan GM, McHutchison JG, Poynard T: Estimating future

hepatitis C morbidity, mortality, and costs in the United States. Am J
Public Health 2000, 90(10):1562-1569.

2. Sarrazin C, Rouzier R, Wagner F, Forestier N, Larrey D, Gupta SK, Hussain M,
Shah A, Cutler D, Zhang J, et al: SCH 503034, a novel hepatitis C virus
protease inhibitor, plus pegylated interferon alpha-2b for genotype 1
nonresponders. Gastroenterology 2007, 132(4):1270-1278.

3. Conjeevaram HS, Fried MW, Jeffers LJ, Terrault NA, Wiley-Lucas TE, Afdhal N,
Brown RS, Belle SH, Hoofnagle JH, Kleiner DE, et al: Peginterferon and
ribavirin treatment in African American and Caucasian American
patients with hepatitis C genotype 1. Gastroenterology 2006,
131(2):470-477.

4. de Veer MJ, Holko M, Frevel M, Walker E, Der S, Paranjape JM, Silverman RH,
Williams BR: Functional classification of interferon-stimulated genes
identified using microarrays. J Leukoc Biol 2001, 69(6):912-920.

5. Taylor MW, Tsukahara T, Brodsky L, Schaley J, Sanda C, Stephens MJ,
McClintick JN, Edenberg HJ, Li L, Tavis JE, et al: Changes in gene
expression during pegylated interferon and ribavirin therapy of chronic
hepatitis C virus distinguish responders from nonresponders to antiviral
therapy. J Virol 2007, 81(7):3391-3401.

6. Brodsky LI, Wahed AS, Li J, Tavis JE, Tsukahara T, Taylor MW: A novel
unsupervised method to identify genes important in the anti-viral
response: application to interferon/ribavirin in hepatitis C patients. PLoS
One 2007, 2(7):e584.

7. Skov V, Glintborg D, Knudsen S, Jensen T, Kruse TA, Tan Q, Brusgaard K,
Beck-Nielsen H, Hojlund K: Reduced expression of nuclear-encoded genes
involved in mitochondrial oxidative metabolism in skeletal muscle of
insulin-resistant women with polycystic ovary syndrome. Diabetes 2007,
56(9):2349-2355.

8. Taylor MW, Tsukahara T, McClintick JN, Edenberg HJ, Kwo P: Cyclic changes
in gene expression induced by Peg-interferon alfa-2b plus ribavirin in
peripheral blood monocytes (PBMC) of hepatitis C patients during the
first 10 weeks of treatment. J Transl Med 2008, 6:66.

9. Taylor MW, Grosse WM, Schaley JE, Sanda C, Wu X, Chien SC, Smith F,
Wu TG, Stephens M, Ferris MW, et al: Global effect of PEG-IFN-alpha and
ribavirin on gene expression in PBMC in vitro. J Interferon Cytokine Res
2004, 24(2):107-118.

10. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
Paulovich A, Pomeroy SL, Golub TR, Lander ES, et al: Gene set enrichment
analysis: a knowledge-based approach for interpreting genome-wide
expression profiles. Proc Natl Acad Sci USA 2005, 102(43):15545-15550.

11. Jiang H, Lin JJ, Tao J, Fisher PB: Suppression of human ribosomal protein
L23A expression during cell growth inhibition by interferon-beta.
Oncogene 1997, 14(4):473-480.

12. Meier V, Burger E, Mihm S, Saile B, Ramadori G: Ribavirin inhibits DNA,
RNA, and protein synthesis in PHA-stimulated human peripheral blood
mononuclear cells: possible explanation for therapeutic efficacy in
patients with chronic HCV infection. J Med Virol 2003, 69(1):50-58.

13. Waddell SJ, Popper SJ, Rubins KH, Griffiths MJ, Brown PO, Levin M,
Relman DA: Dissecting interferon-induced transcriptional programs in
human peripheral blood cells. PLoS One 2010, 5(3):e9753.

14. Silverman RH, Dong B, Maitra RK, Player MR, Torrence PF: Selective RNA
cleavage by isolated RNase L activated with 2-5A antisense chimeric
oligonucleotides. Methods Enzymol 2000, 313:522-533.

15. Zhou A, Paranjape JM, Hassel BA, Nie H, Shah S, Galinski B, Silverman RH:
Impact of RNase L overexpression on viral and cellular growth and
death. J Interferon Cytokine Res 1998, 18(11):953-961.

16. Thomis DC, Samuel CE: Mechanism of interferon action: evidence for
intermolecular autophosphorylation and autoactivation of the
interferon-induced, RNA-dependent protein kinase PKR. J Virol 1993,
67(12):7695-7700.

17. Lempiainen H, Shore D: Growth control and ribosome biogenesis. Curr
Opin Cell Biol 2009, 21(6):855-863.

18. Boon K, Caron HN, van Asperen R, Valentijn L, Hermus MC, van Sluis P,
Roobeek I, Weis I, Voute PA, Schwab M, et al: N-myc enhances the
expression of a large set of genes functioning in ribosome biogenesis
and protein synthesis. EMBO J 2001, 20(6):1383-1393.

19. Lindstrom MS: Emerging functions of ribosomal proteins in gene-specific
transcription and translation. Biochem Biophys Res Commun 2009,
379(2):167-170.

20. Sanda C, Weitzel P, Tsukahara T, Schaley J, Edenberg HJ, Stephens MA,
McClintick JN, Blatt LM, Li L, Brodsky L, et al: Differential gene induction by
type I and type II interferons and their combination. J Interferon Cytokine
Res 2006, 26(7):462-472.

doi:10.1186/1479-5876-10-54
Cite this article as: Gupta et al.: Suppression of ribosomal protein
synthesis and protein translation factors by Peg-interferon alpha/
ribavirin in HCV patients blood mononuclear cells (PBMC). Journal of
Translational Medicine 2012 10:54.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Gupta et al. Journal of Translational Medicine 2012, 10:54
http://www.translational-medicine.com/content/10/1/54

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/11029989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11029989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17408662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17408662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17408662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16890601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11404376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11404376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17589564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18986530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18986530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18986530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18986530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14980075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14980075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199517?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199517?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199517?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9053844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9053844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12436477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20339534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20339534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10595377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10595377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10595377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9858317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9858317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7693978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7693978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7693978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19796927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11250904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11250904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11250904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19114035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19114035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16800785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16800785?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patient treatment and samples
	RNA extraction
	RNA labeling and hybridization
	Array analysis and data processing
	GSEA analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


