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Abstract

Background & Aims: Both polymorphisms in the IL28B gene locus and ISG expression levels 

are associated with the outcome of hepatitis C virus (HCV) infection. The two are also 

interrelated, although the mechanism is unknown. Favourable CC genotype at rs12979860 

expresses lower baseline ISG levels and responds better to treatment than unfavourable CT and TT 

genotypes. Little is known about this relationship in normal, uninfected liver. This study sought to 

explore this relationship.

Methods: Normal human liver specimens (64) and HCV positive human liver specimens (95) 

were genotyped for IL28B rs12979860 C > T. mRNA levels of ISGs and other relevant genes were 

studied by qPCR.

Results: Most studied ISGs had significantly different expression by IL28B genotype in normal 

liver. CC genotype expressed the highest levels, CT intermediate and TT the lowest. This is 

opposite to the pattern seen in HCV patients. Principal component analysis of IL28B genotype and 

ISG expression further revealed a distinct set of genes correlated with the C allele (ISG15, 

HTATIP2, LGALS3BP, IRF2 and BCL2) and T allele (IFNα, β, γ, λ3 and CD80).

Conclusion: A subset of ISGs was found to be differentially expressed in normal liver by IL28B 

genotype. This suggests a relationship between IL28B genotype and gene expression before HCV 

infection.
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While major advances have been made recently in the hepatitis C virus (HCV) field, many 

unsolved mysteries remain. Even with the advent of protease inhibitors and the introduction 
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of genotypic tests with high predictive value in determining treatment response, outcomes 

are still far from certain. The current treatment standard of pegylated interferon (IFN) and 

ribavirin produces only a 50% response rate in genotype 1 individuals. In addition, 

interferon treatment is expensive and many patients cannot tolerate the serious side effects, 

which may prevent the completion of the treatment course. Although age, gender, body mass 

index (BMI) and viral load are associated with treatment response, finding a marker that 

predicts treatment outcome has been difficult. Recently, a polymorphism in the interleukin 

28B (IL28B) gene was found to be associated with treatment response across ethnicities (1). 

IL28B codes IFNλ3, an endogenous antiviral cytokine that is similar to type I IFNs but with 

higher tissue specificity. Expression of λ IFN receptors is largely limited to cells of 

epithelial origin, whereas type I IFN receptors are expressed ubiquitously (2). Like type I 

IFNs, λ IFNs act through the JAK/STAT pathway to induce a set of interferon-stimulated 

genes (ISGs), which are induced by viral infection and protect against HCV in vitro (3). 

IFNλ is currently in clinical trials for the treatment of chronic HCV (4). Phase I trials have 

been encouraging and support the idea that IFNλ induces comparable antiviral activity to 

IFNα, but without the adverse effects that derive from the ubiquitous expression of IFNα 
receptors (4, 5). The polymorphism of the IL28B gene is located at rs12979860, 3 kilobases 

upstream of the transcription start site (1). Genotype CC of rs12979860 has been associated 

with both increased rates of treatment response and spontaneous viral clearance (1, 6). It has 

been suggested that the variable prevalence of the favourable genotype among different 

racial populations may explain differential response rates across ethnicities (1). Although 

initially identified in HCV genotype 1 patients, the predictive power of the polymorphism 

has held true for genotypes 2 and 3 as well (7, 8). IL28B genotype can be incorporated with 

other variables into a prediction model to predict treatment outcome.

The mechanism by which the IL28B polymorphism influences treatment response is 

unknown. The polymorphism has no obvious effect on gene function, and there is 

conflicting data concerning the effect on IL28B levels. Some studies have found a 

correlation between IL28B genotype and IL28B mRNA expression (9, 10), but others have 

not supported this finding (11, 12).

Recently, there has been interest in the relationship between ISG expression and IL28B. ISG 

levels are associated with HCV treatment response. Low pretreatment ISG levels predict 

sensitivity to IFN treatment (13, 14). Although the mechanism is unknown, it has been 

suggested that in nonresponsive patients, ISG expression is already maximally induced prior 

to treatment, whereas in responsive patients, lower baseline ISG levels remain capable of 

responding to exogenous IFN. IL28B genotype has been strongly associated with 

intrahepatic ISG expression, with the unfavorable genotypes (CT and TT) expressing higher 

baseline ISG levels compared with the favourable CC genotype patients (11, 15). These 

findings provide at least a partial functional explanation of the association between IL28B 

genotype and response to interferon therapy.

Little is known about the relationship between IL28B and ISG expression in normal liver. 

Considering that ISGs are the likely effectors of IL28B genotypic difference, it is important 

to understand the interplay between these two components in a normal setting, so we can 

better understand how they behave in a disease setting.
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Patients and methods

Populations studied

Sixty-four normal liver specimens were obtained from the University of Kansas Liver Center 

Tissue Bank. Consent was obtained from all patients according to a protocol approved by the 

Institutional Review Board in accordance with the 1975 Declaration of Helsinki. These 

specimens were obtained from normal donor livers at the Liver Transplant Program at the 

University of Kansas Hospital. Donors with diagnostic abnormalities were excluded. Ninety-

five liver specimens positive for HCV were also studied. Inclusion criteria for these patients 

were as follows: chronic hepatitis C patients older than 18 years and positive for anti-HCV 

antibody and serum HCV RNA. The following patients were excluded: positive for hepatitis 

B virus surface antigen, primary biliary cirrhosis, autoimmune hepatitis, Wilson’s disease, 

haemochromatosis, and co-infection with human immunodeficiency virus. Patients treated 

with antiviral or immunosuppressive agents within 6 months of when the liver tissue was 

obtained were also excluded.

Laboratory tests

Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin 

(TBILI), alkaline phosphatase (ALP), total cholesterol (CHOL), triglyceride (TRIG), and 

fasting plasma glucose were obtained from patients’ charts and all tests were performed 

within 3 months of liver biopsy. The HCV genotype was determined by sequencing using 

the TRUGENE HCV 5′NC Genotyping Kit.

Pathological examination

Haematoxylin and eosin-stained as well as Masson’s trichrome-stained liver sections were 

used for diagnosis by pathologists at KUMC. The degrees of inflammation and fibrosis were 

evaluated according to the criteria proposed by Ishak et al. Steatosis was graded based on the 

percentage of hepatocytes involved: mild (≤ 10%), moderate (11–32%), or severe (≥ 33%).

Hepatic mRNA quantification

Hepatic RNA was extracted using TRIzol reagent (Ambion, Grand Island, NY, USA). cDNA 

was generated using High Capacity Reverse Transcription Kit (Life Technologies, Grand 

Island, NY, USA). Real-time quantitative PCR experiments were performed using Applied 

Biosystems (Grand Island, NY, USA) 7900HT Fast Real-time PCR System using SYBR 

Green technology (Life Technologies). Gene expression was studied using RNA extracted 

from individual, not pooled, RNA samples. The studied genes and primers are listed in Table 

S1. Data were normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 

messenger RNA (mRNA) level.

IL28B genotyping

A total of 95 HCV positive patients and 64 normal donor livers were genotyped for the 

rs12979860 single nucleotide polymorphism using TaqMan SNP genotyping assay (Life 

Technologies). Primers and probes were as follows: TGCCTGTCGTGTACTGAACCA and 

GAGCGCGGAGTGCAATTC and TaqMan probes VIC-TGGTTCGCGCCT TC-MGB and 
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6FAM-CTGG-TTCACGCCTTC-MGB. Automated allele calling was performed using SDS 

software from Applied Biosystems. Positive and negative controls were used in each 

genotyping assay.

Statistical analysis

Student’s t-test was used for gene expression comparison between two groups. Delta delta 

Ct method was used to analyze qPCR data, with GAPDH used for normalization. Chi-

squared test was used to compare genotypic frequencies. Principal component analysis was 

used to identify the relationship between IL28B genotype and gene expression. P < 0.05 was 

considered statistically significant.

Results

Patient characteristics

Demographic information and clinical data of the 64 normal donors and 95 HCV positive 

patients are summarized in Table 1.

IL28B rs12979860 allelic frequency

Although a clear shift away from the C allele and towards the T allele was present in HCV-

infected patients compared with non-infected donors, the trend did not reach significance 

(Pearson χ2 = 0.089) (Figure S1). This is expected as the C allele has been linked to 

spontaneous resolution and the T allele to persistent infection (6, 16, 17). All alleles are in 

Hardy–Weinberg equilibrium.

Relationship between IL28B genotype and hepatic gene expression by principal 
component analysis in normal liver

All data were standardized before principal component analysis (PCA) analysis to avoid bias 

caused by variation in gene expression. Included in the analysis were 22 donor livers for 

which all data were available, mRNA expression levels of 34 ISG and ISG-related genes, 

IL28B genotype and donor characteristics (age, gender, ethnicity and BMI). Score plot 

analysis indicated IL28B genotype as the component with the largest possible variance, 

meaning that it accounts for more of the variance in gene expression than any other analyzed 

criterion. Score plot analysis (Fig. 1A) showed a strong correlation between Component 1 

and IL28B genotype indicating that the gene expression pattern was distinct between TT and 

CC genotype, with CT falling in between. Loading plot (Fig. 1B) showed a distinct set of 

genes correlated with the T and C alleles. IFNα, β, γ and λ3 as well as CD80 expressions 

were correlated with the T allele, whereas ISG15, HTATIP2, LGALS3BP, IRF2 and BCL2 

expressions were correlated with the C allele (Fig. 2).

Hepatic ISG expression in normal liver by IL28B genotype

A subset of ISGs with predictive power in determining HCV treatment response was 

selected for qPCR analysis in normal hepatic tissue genotyped for IL28B (Fig. 3A). All of 

the selected ISGs showed significant differences in mRNA level for TT vs. CC liver. Most 

(RSAD2, ISG15, LGALS3BP, OAS3, IFI6, HTATIP2, IFIH1) had significant differences in 
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mRNA levels in TT vs. non-TT genotype (CT and CC) livers. Another subset of ISGs 

identified recently by two publications as having putative activity against HCV in vitro are 

shown grouped together (Fig. 4A). Four of these genes (IRF1, IRF7, IRF27 and IFI6) had 

significantly lower expression level in TT than non-TT genotype livers. The most significant 

difference was found in IRF1, which was shown to be the gene with the most potent activity 

against HCV in vitro (18).

Hepatic ISG expression in normal vs. HCV-infected liver

The same subset of ISGs was analyzed in HCV-infected livers (Figs 3B and 4B). There was 

a dramatic upward trend by genotype displayed by most ISGs, with the highest levels in TT 

genotype tissue, which was consistent with literature’s findings (11). The pattern is opposite 

to that observed in normal tissue, where ISG expression is significantly lower in TT 

genotype tissue. As expected, these genes are much more highly induced (up to 100-fold) in 

HCV-infected livers as compared with normal livers. Additionally, while in normal liver 

tissue expression tends to group according to TT vs. non-TT, in infected liver the 

unfavourable T allele’s presence is more striking, and the expression pattern tends toward 

CC vs. non-CC.

Discussion

Previous reports have shown that ISG expression and IL28B genotype are strongly linked 

post-HCV infection. Although the mechanism is poorly understood, this relationship can be 

used to predict treatment response. Here, we show that a relationship exists in normal 

uninfected liver and that this relationship is opposite to that seen in HCV positive liver. It is 

known that in HCV-infected liver, TT genotype is linked with the highest levels of ISG 

expression, and CC with the lowest. Our data indicate that this relationship is reversed in 

normal liver, where TT genotype expresses significantly lower levels of ISGs than CC 

genotype tissue.

Principal component analysis using donor characteristics, ISG mRNA levels, and IL28B 

genotype revealed that IL28B genotype is the most important of the studied components in 

accounting for variance among the normal population. This indicates that ISG expression 

and IL28B are highly interrelated even before HCV infection. The PCA loading plot 

revealed two distinct clusters of genes with high expression in C (ISG15, HTATIP2, 

LGALS3BP, IRF2 and BCL2) and T alleles (IFNα, β, γ, λ3 and CD80).

Of the group of genes associated with the C allele, four (ISG15, HTATIP2, LGALS3BP and 

IRF2) are ISGs, and the first three of these have been identified as predictors of treatment 

response in HCV patients (15, 19). Interferon, alpha-inducible protein (clone IFI-15K) 

(ISG15) is a ubiquitin-like protein that, upon induction by IFN, is conjugated to a wide 

range of intracellular targets, including other ISGs, thus greatly expanding the effects of IFN 

α/β (20, 21). HIV-1 Tat interactive protein 2 (HTATIP2) is a pro-apoptosis, anti-

angiogenesis ISG that acts as a tumor suppressor and is down-regulated in many cancers 

(22). Its role in HCV infection is unknown. Lectin, galactoside-binding, soluble 3 binding 

protein (LGALS3BP) is involved in promoting integrin-mediated cell adhesion as well as 

viral immune response associated with natural killer cells (23). It has long been known that 
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elevated serum LGALS3BP level in HCV patients is predictive of both treatment response 

(19) and disease severity (24). Interferon regulatory factor 2 (IRF2) is a repressor of the IFN 

system and acts to competitively inhibit IRF1-mediated transcriptional activation of IFN α/β 
(25). However, IRF2 also functions as a transcriptional activator of certain genes through 

ISRE-like sequences (26–28). It also positively regulates RIG-1 expression (29). Notably, 

IRF2 was recently identified as one of a small subset of ISGs capable of inhibiting HCV 

replication (30). Of this subset, only IRF1 and IRF2 hepatic mRNA expression is 

significantly decreased in human HCV patients (unpublished data). B cell lymphoma 2 

(BCL2) is perhaps the best characterized anti-apoptosis proto-oncogene, long known to have 

a role in cancer promotion. B cell disorders such as cryoglobulinemia and non-Hodgkin’s 

lymphoma are frequently associated with HCV, which implies a critical role for B cells in 

viral infection. Increased expression of BCL2 has been reported in HCV patients with both 

these disorders (31, 32). Additionally, activated B cells in HCV patients are resistant to 

apoptosis, likely mediated through elevated BCL2 levels (33, 34). The association of these 

genes with the favourable C allele in normal liver may indicate their importance in resolving 

acute HCV infection or preventing it altogether.

Of the group of genes associated with the T allele, CD80 was the only non-IFN gene. CD80 

is a cell surface co-stimulatory molecule important for T cell activation. It is up-regulated by 

type I and II IFNs through IRF1 (35). HCV envelope protein E2 increases the expression of 

CD80 on dendritic cells (36, 37). It was recently reported that CD80 expression on 

plasmacytoid dendritic cells in HCV patients is significantly higher in individuals who 

achieve SVR (38).

All tested IFNs (α, β, γ and λ3) also separated into the T allele group. This is striking as 

interferons control the expression of ISGs, and most ISGs had significantly lower expression 

levels in non-CC genotype patients. This may indicate some dysregulation in the interferon 

pathway even in normal livers when the T allele is present.

The general pattern of ISG expression in normal liver is neatly stepwise by genotype, with 

CC expressing the highest levels, CT the next highest, and TT the lowest. This pattern is 

dramatically reversed after HCV infection, when ISG levels rise sharply and TT genotype 

patients express the highest levels of ISGs. As the mechanism of IL28B’s effect on treatment 

response remains unknown, it is unclear how the relationship between IL28B and ISGs pre- 

and post-infection fit together.

Although it seems counterintuitive that the protective CC genotype expresses the highest 

levels of ISGs in normal liver, this genotype may in fact have adverse effects in other 

contexts. In NAFLD patients, CC genotype has been associated with more severe 

inflammation and fibrosis (39). Our findings may help to explain this, as ISGs and ISG-

related genes have roles in inflammation and the development of fibrosis. These findings 

may also be important in a transplant setting, as the only positive manifestation of the CC 

donor genotype may be in achievement of viral response.

An important caveat to this study is the use of donor livers. Although these livers are 

histologically normal, and have transaminase and bilirubin levels largely within normal 
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range, it is important to note that they all came from brain dead donors. It is possible, even 

likely, that this had an effect on the IFN pathways in these livers. However, it seems unlikely 

that this had an impact on the differences between IL28B genotypes. Physical size of the 

samples prevented us from doing confirmatory protein studies, although these are a crucial 

component of future research.

In conclusion, these data provide novel insights into the relationship between IL28B 

genotype and ISG and related gene expression in normal hepatic tissue without HCV 

infection. Normal hepatic tissue displays a gene expression pattern that is stepwise by 

genotype, with CC expressing the highest levels and TT the lowest. This is opposite from the 

gene expression pattern seen after HCV infection, when TT genotype expresses the highest 

levels of ISGs. The identification of this relationship pre-infection has implications for 

understanding the still unclear mechanism behind the IL28B genotype, and more immediate 

implications in the context of transplantation. Furthermore, examination of the mechanism 

underlying the IL28B polymorphism and its effect on ISG levels, in normal as well as HCV-

infected liver, is still urgently needed.
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Abbreviations

ALP alkaline phosphatase

ALT alanine aminotransferase

AST serum aspartate aminotransferase

BCL2 B-cell CLL/lymphoma 2

BMI body mass index

CD80 CD80 molecule

CHOL total cholesterol

GAPDH glyceraldehyde 3-phosphatase dehydrogenase

HCV hepatitis C virus

HTATIP2 HIV-1 Tat interactive protein 2

IFI6 interferon, alpha-inducible protein 6

IFI27 interferon, alpha-inducible protein 27

IFN interferon
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IL28B interleukin 28B

IRF1 interferon regulatory factor 1

IRF2 interferon regulatory factor 2

IRF7 interferon regulatory factor 7

ISG15 interferon, alpha-inducible protein (clone IFI-15K)

ISG interferon-stimulated gene

LGALS3BP lectin, galactoside-binding, soluble 3 binding protein

mRNA messenger RNA

PCA principal component analysis

TBILI total bilirubin

TRIG triglyceride

References

1. Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B predicts hepatitis C treatment-
induced viral clearance. Nature 2009; 461: 399–401. [PubMed: 19684573] 

2. Donnelly RP, Dickensheets H, O’Brien TR. Interferon-lambda and therapy for chronic hepatitis C 
virus infection. Trends Immunol 2011; 32: 443–50. [PubMed: 21820962] 

3. Zhang L, Jilg N, Shao RX, et al. IL28B inhibits hepatitis C virus replication through the JAK-STAT 
pathway. J Hepatol 2011; 55: 289–98. [PubMed: 21147189] 

4. Muir AJ, Shiffman ML, Zaman A, et al. Phase 1b study of pegylated interferon lambda 1 with or 
without ribavirin in patients with chronic genotype 1 hepatitis C virus infection. Hepatology 2010; 
52: 822–32. [PubMed: 20564352] 

5. Ramos EL. Preclinical and clinical development of pegylated interferon-lambda 1 in chronic 
hepatitis C. J Interferon Cytokine Res 2010; 30: 591–5. [PubMed: 20645873] 

6. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and spontaneous clearance of 
hepatitis C virus. Nature 2009; 461: 798–801. [PubMed: 19759533] 

7. Mangia A, Thompson AJ, Santoro R, et al. An IL28B polymorphism determines treatment response 
of hepatitis C virus genotype 2 or 3 patients who do not achieve a rapid virologic response. 
Gastroenterology 2010; 139: 821–7, 827 e821. [PubMed: 20621700] 

8. Sarrazin C, Susser S, Doehring A, et al. Importance of IL28B gene polymorphisms in hepatitis C 
virus genotype 2 and 3 infected patients. J Hepatol 2011; 54: 415–21. [PubMed: 21112657] 

9. Tanaka Y, Nishida N, Sugiyama M, et al. Genome-wide association of IL28B with response to 
pegylated interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat Genet 2009; 41: 1105–
9. [PubMed: 19749757] 

10. Suppiah V, Moldovan M, Ahlenstiel G, et al. IL28B is associated with response to chronic hepatitis 
C interferon-alpha and ribavirin therapy. Nat Genet 2009; 41: 1100–4. [PubMed: 19749758] 

11. Urban TJ, Thompson AJ, Bradrick SS, et al. IL28B genotype is associated with differential 
expression of intrahepatic interferon-stimulated genes in patients with chronic hepatitis C. 
Hepatology 2010; 52: 1888–96. [PubMed: 20931559] 

12. Honda M, Sakai A, Yamashita T, et al. Hepatic ISG expression is associated with genetic variation 
in interleukin 28B and the outcome of IFN therapy for chronic hepatitis C. Gastroenterology 2010; 
139: 499–509. [PubMed: 20434452] 

13. Sarasin-Filipowicz M, Oakeley EJ, Duong FH, et al. Interferon signalling and treatment outcome in 
chronic hepatitis C. Proc Natl Acad Sci U S A 2008; 105: 7034–9. [PubMed: 18467494] 

Raglow et al. Page 8

Liver Int. Author manuscript; available in PMC 2020 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Bellecave P, Moradpour D. A fresh look at interferon-alpha signalling and treatment outcomes in 
chronic hepatitis C. Hepatology 2008; 48: 1330–3. [PubMed: 18821612] 

15. Dill MT, Duong FH, Vogt JE, et al. Interferon-induced gene expression is a stronger predictor of 
treatment response than IL28B genotype in patients with hepatitis C. Gastroenterology 2011; 140: 
1021–31. [PubMed: 21111740] 

16. di Iulio J, Ciuffi A, Fitzmaurice K, et al. Estimating the net contribution of interleukin-28B 
variation to spontaneous hepatitis C virus clearance. Hepatology 2011; 53: 1446–54. [PubMed: 
21360716] 

17. Tillmann HL, Thompson AJ, Patel K, et al. A polymorphism near IL28B is associated with 
spontaneous clearance of acute hepatitis C virus and jaundice. Gastroenterology 2010; 139: 1586–
92, 1592 e1581. [PubMed: 20637200] 

18. Schoggins JW, Wilson SJ, Panis M, et al. A diverse range of gene products are effectors of the type 
I interferon antiviral response. Nature 2011; 472: 481–5. [PubMed: 21478870] 

19. Artini M, Natoli C, Tinari N, et al. Elevated serum levels of 90K/MAC-2 BP predict 
unresponsiveness to alpha-interferon therapy in chronic HCV hepatitis patients. J Hepatol 1996; 
25: 212–17. [PubMed: 8878784] 

20. Zhao C, Denison C, Huibregtse JM, Gygi S, Krug RM. Human ISG15 conjugation targets both 
IFN-induced and constitutively expressed proteins functioning in diverse cellular pathways. Proc 
Natl Acad Sci USA 2005; 102: 10200–5. [PubMed: 16009940] 

21. Jeon YJ, Yoo HM, Chung CH. ISG15 and immune diseases. Biochim Biophys Acta 2010; 1802: 
485–96. [PubMed: 20153823] 

22. Chen X, Cao X, Dong W, et al. Expression of TIP30 tumor suppressor gene is down-regulated in 
human colorectal carcinoma. Dig Dis Sci 2010; 55: 2219–26. [PubMed: 19798571] 

23. Iacovazzi PA, Cozzolongo R, Lanzillotta E, et al. Serum 90K/Mac-2 binding protein (Mac-2BP) as 
a response predictor to peginterferon and ribavirin combined treatment in HCV chronic patients. 
Immunopharmacol Immunotoxicol 2008; 30: 687–700. [PubMed: 18720164] 

24. Kittl EM, Hofmann J, Hartmann G, et al. Serum protein 90K/Mac-2BP is an independent predictor 
of disease severity during hepatitis C virus infection. Clin Chem Lab Med 2000; 38: 205–8. 
[PubMed: 10905755] 

25. Taniguchi T, Ogasawara K, Takaoka A, Tanaka N. IRF family of transcription factors as regulators 
of host defense. Annu Rev Immunol 2001; 19: 623–55. [PubMed: 11244049] 

26. Masumi A, Fukazawa H, Shimazu T, et al. Nucleolin is involved in interferon regulatory factor-2-
dependent transcriptional activation. Oncogene 2006; 25: 5113–24. [PubMed: 16582966] 

27. Chow WA, Fang JJ, Yee JK. The IFN regulatory factor family participates in regulation of Fas 
ligand gene expression in T cells. J Immunol 2000; 164: 3512–18. [PubMed: 10725705] 

28. Vaughan PS, Aziz F, van Wijnen AJ, et al. Activation of a cell-cycle-regulated histone gene by the 
oncogenic transcription factor IRF-2. Nature 1995; 377: 362–5. [PubMed: 7566094] 

29. Masumi A, Ito M, Mochida K, et al. Enhanced RIG-I expression is mediated by interferon 
regulatory factor-2 in peripheral blood B cells from hepatitis C virus-infected patients. Biochem 
Biophys Res Commun 2010; 391: 1623–8. [PubMed: 20034464] 

30. Itsui Y, Sakamoto N, Kurosaki M, et al. Expressional screening of interferon-stimulated genes for 
antiviral activity against hepatitis C virus replication. J Viral Hepatitis 2006; 13: 690–700.

31. Zuckerman E, Zuckerman T, Sahar D, et al. bcl-2 and immunoglobulin gene rearrangement in 
patients with hepatitis C virus infection. Br J Haematol 2001; 112: 364–9. [PubMed: 11167830] 

32. Zignego AL, Ferri C, Giannelli F, et al. Prevalence of bcl-2 rearrangement in patients with hepatitis 
C virus-related mixed cryoglobulinemia with or without B-cell lymphomas. Ann Intern Med 2002; 
137: 571–80. [PubMed: 12353944] 

33. Sugalski JM, Rodriguez B, Moir S, Anthony DD. Peripheral blood B cell subset skewing is 
associated with altered cell cycling and intrinsic resistance to apoptosis and reflects a state of 
immune activation in chronic hepatitis C virus infection. J Immunol 2010; 185: 3019–27. 
[PubMed: 20656924] 

34. Mizuochi T, Ito M, Takai K, Yamaguchi K. Peripheral blood memory B cells are resistant to 
apoptosis in chronic hepatitis C patients. Virus Res 2011; 155: 349–51. [PubMed: 20875472] 

Raglow et al. Page 9

Liver Int. Author manuscript; available in PMC 2020 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Bauvois B, Nguyen J, Tang R, Billard C, Kolb JP. Types I and II interferon’s upregulate the 
costimulatory CD80 molecule in monocytes via interferon regulatory factor-1. Biochem 
Pharmacol 2009; 78: 514–22. [PubMed: 19433065] 

36. Chen Z, Zhu Y, Ren Y, et al. Hepatitis C virus protects human B lymphocytes from Fas-mediated 
apoptosis via E2-CD81 engagement. PLoS ONE 2011; 6: e18933. [PubMed: 21526201] 

37. Zhou Y, Lukes Y, Anderson J, et al. Hepatitis C virus E2 envelope protein induces dendritic cell 
maturation. J Viral Hepatitis 2007; 14: 849–58.

38. Sacchi A, Agrati C, D’Offizi G, Vlassi C, Martini F. Co-stimulatory molecule CD80 expression 
may correlate with anti-HCV treatment outcome. Gut 2011; 60: 1161–2. [PubMed: 20805310] 

39. Petta S, Grimaudo S, Camma C, et al. IL28B and PNPLA3 polymorphisms affect histological liver 
damage in patients with non-alcoholic fatty liver disease. J Hepatol 2012; 56: 1356–62. [PubMed: 
22314430] 

Raglow et al. Page 10

Liver Int. Author manuscript; available in PMC 2020 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Principal component analysis of 34 ISG and ISG-related genes and donor characteristics in 

22 normal liver samples for which all data was available. (A) Score plot (B) Loading plot of 

34 ISGs
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Fig. 2. 
Hepatic mRNA expression of genes identified by PCA. (A) Genes with higher expression 

for C allele (B) genes with higher expression for T allele. *P ≤ 0.05, **P ≤ 0.01 to CC; #P ≤ 

0.05, ##P ≤ 0.01 to CT.
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Fig. 3. 
Hepatic predictive interferon-stimulated genes (ISGs) levels by IL28B genotype. (A) 

Normal liver tissue. Levels decrease by IL28B genotype with the lowest in TT genotype 

livers in normal hepatic tissue. CC, n = 28; CT, n = 30; TT, n = 6. *P ≤ 0.05, **P ≤ 0.01 to 

CC; #P ≤ 0.05, ##P ≤ 0.01 to CT. (B) HCV infected liver tissue. There is a dramatic upward 

trend by genotype, with highest levels in TT tissue. This pattern opposes that seen in (A) in 

normal liver tissue. CC, n = 29; CT, n = 50; TT, n = 16. *P ≤ 0.05, **P ≤ 0.01 to CC. All P ≤ 

0.05 to donor.
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Fig. 4. 
Hepatic anti-HCV ISG levels by IL28B genotype. (A) Hepatic mRNA levels of a small 

group of ISGs with putative activity against HCV in normal liver tissue. IRF1, IRF7, IFI27, 

and IFI6 are significantly lower in TT genotype livers in normal hepatic tissue. CC, n = 28; 

CT, n = 30; TT, n = 6. *P ≤ 0.05, **P ≤ 0.01 to CC; #P ≤ 0.05, ##P ≤ 0.01 to CT. (B) Hepatic 

mRNA levels of anti-HCV ISGs in HCV infected liver tissue. CC, n = 29; CT, n = 50; TT, n 
= 16. %P ≤ 0.05, %%P ≤ 0.01 to donor, *P ≤ 0.05, **P ≤ 0.01 to CC
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