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Abstract
Human Immunodeficiency Virus (HIV) infection and the resultant Acquired Immunodeficiency Syndrome (AIDS) epidemic
are major global health challenges; hepatitis C virus (HCV) co-infection has made the HIV/AIDS epidemic even worse.
Interleukin-27 (IL-27), a cytokine which inhibits HIV and HCV replication in vitro, associates with HIV infection and HIV/HCV
co-infection in clinical settings. However, the impact of HIV and HCV viral loads on plasma IL-27 expression levels has not
been well characterized. In this study, 155 antiretroviral therapy-naı̈ve Chinese were recruited. Among them 80 were HIVand HCV-negative healthy controls, 45 were HIV-mono-infected and 30 were HIV/HCV-co-infected. Plasma level HIV, HCV, IL27 and CD4+ number were counted and their correlation, regression relationships were explored. We show that: plasma IL27 level was significantly upregulated in HIV-mono-infected and HIV/HCV-co-infected Chinese; HIV viral load was negatively
correlated with IL-27 titer in HIV-mono-infected subjects whereas the relationship was opposite in HIV/HCV-co-infected
subjects; and the relationships between HIV viral loads, IL-27 titers and CD4+ T cell counts in the HIV mono-infection and
HIV/HCV co-infection groups were dramatically different. Overall, our results suggest that IL-27 differs in treatment-naı̈ve
groups with HIV mono-infections and HIV/HCV co-infections, thereby providing critical information to be considered when
caring and treating those with HIV mono-infection and HIV/HCV co-infection.
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epidemic much worse; this is because HCV co-infection facilitates
HIV disease progression and increases the morbidity and mortality
of AIDS patients [8–10]. Upon HIV infection, the human
immune system responds to restrict, inhibit and destroy HIV
through different mechanisms. Among the system, IL-27 is an
attractive cytokine belonging to the IL-12 family with important
implications in Th1 responses [11]. Composed of EBI3 and p28
protein, IL-27 plays pivotal roles both in pro-inflammatory and
anti-inflammatory responses [11–14]. In vitro experiments demonstrate that IL-27 inhibits 64 and R5 HIV replication in peripheral
blood mononuclear cells (PBMC), CD4+ T cells and monocytederived macrophages (MDMs) through the induction of type I
interferon and activation of multiple interferon-inducible genes
[15–18]. In a cultured cell system, IL-27 induces IFN-c-like signals
and induction of antiviral responses in hepatoma cells, hepatocytes
and hepatic stellate cells [19,20]. It also inhibits HCV in a dosedependent manner, indicating that IL-27 may be a potential

Introduction
HIV causes progressive failure of the immune system which
eventually leads to AIDS, and it is characterized by susceptibility
to opportunistic infections and tumors. Since the first report of
AIDS in 1981 and the discovery of causative agent HIV in 1983
[1–3], HIV/AIDS has caused nearly 30 million deaths worldwide
[4]. Although drug cocktails used in highly active antiretroviral
therapy (HAART) significantly slow the progression of HIVinfected individuals to AIDS, HIV/AIDS is still one of the leading
causes of death. In 2009, an estimated 33.3 million people were
living with HIV/AIDS and about 1.8 million people died of
AIDS-related diseases worldwide [4]. Along with the rapid
economic development in China, the severity of the country’s
HIV/AIDS epidemic is also growing. The rapidly increasing HIV
prevalence in China has shifted from injection drug users (IDUs)
and former blood donors into men who have sex with men and
female sex workers [5–7]. HCV infection makes the HIV/AIDS
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Table 1. Demographic characteristics of participants.

Characteristics

Control

HIV mono-infection

HIV/HCV co-infection

Number

80

45

30

Age (years)

28

30

32

Gender (male/female)

62/18

38/7

27/3

IL-27 titer (mean 6 SD, pg/ml)

4106226

6756334

6786300

412.26229.4

399.96208.4

Median

25,800

38,100

Range

338–578,000

260–446,000

CD4 count (mean 6 SD, cells/ml)
HIV viral load (copies/ml)

doi:10.1371/journal.pone.0096792.t001

therapeutic cytokine for HCV and HIV/HCV co-infection
[21,22].
Clinical data on serum IL-27 in HIV/AIDS patients are very
limited. It was reported that IL-27 was negatively correlated with
HIV viral load, downregulated under HCV co-infection, and
related to the CD4+ T cell counts [23,24]. In a previous study, we
found that the plasma IL-27 level in HIV-positive Chinese was
significantly higher than in the healthy controls, and that IL-27
titer was positively correlated with CD4+ T cell counts among
HIV positive, antiretroviral therapy-naı̈ve Chinese [25]. In this
study, we aim to explore how the co-infection of the HIV and
HCV virus affects serum IL-27 titer among treatment-naı̈ve
subjects.

Material and Methods
Study participants
Subjects were recruited from an ongoing voluntary-based HIV/
AIDS surveillance study in Shenzhen, an immigrant city in
Guangdong province, China, from September 2009 to December
2010 [26,27]. Written consents were obtained from participants,
and the interviews were conducted by experienced research staff.
All participants were Chinese and they were screened for HIV,
HBV and HCV infections. Confirmed HIV-positive individuals
were referred to HIV prevention, treatment, and care programs.
HBV- and HCV-positive participants were referred to local
hospitals for treatment. All infections were recorded following the
requirements relating to reportable infectious diseases. The study
protocol was approved by the Shenzhen Center for Disease

Figure 1. IL-27 titers in HIV-positive individuals and controls. Plasma IL-27 concentration was measured in 80 healthy controls, 45 HIV-monoinfected, and 30 HIV/HCV-co-infected individuals by ELISA. Box-plot illustrated the first quartile, median and third quartile; the ends indicate 5% and
95% percentiles.
doi:10.1371/journal.pone.0096792.g001
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Table 2. Pairwise correlation of variables in the HIV-mono-infected group (N = 43).

Variable 1

Variable 2

Correlation co-efficient (r)

T-statistic

P-value

CD4

log(HIV)

20.31

22.17

0.018

CD4

IL-27

0.17

1.14

0.131

IL-27

log(HIV)

20.04

20.28

0.392

doi:10.1371/journal.pone.0096792.t002

Control and Prevention and the Chinese University of Hong
Kong.

ml and the kit had no cross-reaction with 14 other human
cytokines [25].

HIV, HBV and HCV serological assays

Quantification of HIV, HCV viral loads

Whole blood specimens were collected with EDTA anticoagulant and centrifuged at 1,000 rpm for 10 minutes; plasma was
then gathered and stored at 280uC until analysis. Plasma was
screened by ABBOTT PRISM HIV O Plus (Abbott Laboratories,
IL, USA) and ELISA (Beijing Wantai Biological Pharmacy
Enterprise Co., Ltd, Beijing, China) for HIV infection, and
positive samples were further confirmed by HIV-1/2 Western blot
assay (HIV Blot 2.2 WB; Genelabs Diagnostics, Singapore)
[26,27]. HBV and HCV infections were determined by HBsAg
ELISA kit (Beijing Wantai Biological Pharmacy Enterprise Co.,
Ltd, Beijing, China) and Antibody to hepatitis C virus (HCV)
ELISA kit (Beijing Wantai Biological Pharmacy Enterprise Co.,
Ltd, Beijing, China), in accordance with the manufacturers’
protocols, respectively. Individuals infected with HBV were
excluded from this study.

HIV and HCV viral loads were measured among HIV-monoinfected individuals and HIV/HCV-co-infected individuals. The
plasma HIV RNA level was measured with quantitative reverse
polymerase chain reaction (COBAS AMPLICOR HIV-1 Monitor
Test version 1.5, Roche Molecular Systems, Branchburg, NJ,
USA) following the manufacturer’s instructions. The kit detects
HIV-1 RNA ranges over 48 to 10,000,000 copies/ml. Plasma
HCV RNA was quantified by commercial quantitative RT-PCR
kit (Shenzhen PG Biotech Co., Ltd. Shenzhen, China), with a
detection linear range of 103–107 IU/ml. Dilution was conducted
whenever necessary.

Statistical analysis
Data was analyzed with SPSS version 20.0 (SPSS Inc., Chicago,
IL, USA). T test was used for the comparison of plasma IL-27
between HIV-infected samples and healthy controls. Pearson’s
correlation co-efficient (r) was applied to test the correlation
between plasma IL-27 titer, CD4+ T cell counts, and HIV viral
loads. Because the HIV titers (copies/ml) and HCV titers (IU/ml)
have exponential trends of increase, the natural logarithm is taken
on these variables for calculating correlation with other variables.
A P value of less than 0.15 was considered a trend of clinical
relevance [23], and a p-value of less than 0.05 was designated as
statistically significant.

CD4+ counting
CD4+ T cell counts in fresh whole blood were assessed by a
three-color fluorescence kit for CD4/CD8/CD3 (BD Biosciences,
San Jose, CA, USA) on FACS Calibur flow cytometer (BD
Biosciences, San Jose, CA, USA) within eight hours. Multiset
software was used for CD4/CD8/CD3 counts analysis [26,27].
Individuals with CD4+ counts of less than 350 cells/mL were
considered as being treated for AIDS and they were excluded from
this study.

Results
Plasma IL-27 level

Participants’ demographics

Plasma IL-27 level was measured with pre-coated LEGEND
MAX Human IL-27 ELISA Kit (BioLegend Inc., San Diego, CA,
USA) in accordance with the manufacturer’s instructions. Standard curve was generated by using serial diluted standards. Each
plate was run on an independent standard curve for reference.
Plasma IL-27 concentration was calculated by generated standard
curve. The minimum detectable level of the ELISA kit was 11 pg/

In this study, 155 antiretroviral therapy-naı̈ve Chinese were
recruited. Among them 80 were HIV- and HCV-negative healthy
controls, 45 were HIV-mono-infected and 30 were HIV/HCV-coinfected individuals. The average ages of the healthy group, the
HIV mono-infection group and the HIV/HCV co-infection group
were 28 years, 30 years and 32 years, respectively (Table 1). In the

Table 3. Pairwise correlation of variables in the HIV/HCV-co-infected group (N = 30).

Variable 1

Variable 2

Correlation co-efficient (r)

T-statistic

CD4

log(HIV)

20.09

20.47

P-value
0.323

CD4

IL-27

20.20

21.07

0.147

IL-27

log(HIV)

0.36

2.05

0.025

IL-27

log(HCV)

20.13

20.68

0.251

CD4

log(HCV)

20.13

20.70

0.244

log(HIV)

log(HCV)

20.16

20.88

0.193

doi:10.1371/journal.pone.0096792.t003
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Figure 2. A. Linear regression of CD4+ against IL-27 in the HIV-mono-infected group. In HIV-mono-infected individuals, the CD4+ counts had a
positive relationship with IL-27. The linear regresion estimate was CD4 = 0.12 IL-27 +332.8, p = 0.26. B. Linear regression of CD4+ against IL-27 in the
HIV/HCV-co-infected group. In HIV/HCV-co-infected individuals, the CD4+ counts had a negative relationship with IL-27. The linear regresion estimate
was CD4 = 20.13 IL-27 +493.4, p-value = 0.29.
doi:10.1371/journal.pone.0096792.g002

counts less than 350 cells/mL were excluded. No significant
difference was observed for the CD4+ counts in the HIV monoinfected and the HIV/HCV co-infected groups (412.26229.4
counts versus 399.96208.4 counts; Table 1).

HIV mono-infection and the HIV/HCV co-infection groups, the
male percentages were 84.4% and 90.0%, respectively, and in the
healthy control group, 75.5% were male. All HIV-positive
individuals had not yet developed AIDS-defining symptoms and
were antiviral therapy-naı̈ve.

The negative association between CD4+ counts and HIV
viral loads was weaker in the HCV/HIV-co-infected group

IL-27 and CD4+ level in HIV-positive individuals

We found that the CD4+ counts were significantly negatively
associated with the HIV viral loads in the mono-infected HIV
group (p = 0.018; Table 2). While in the co-infected subjects, their
correlation was 20.09 (p = 0.323; Table 3), which still preserved a
negative relationship, but the magnitude of the correlation was
much weaker than in the mono-infected group (r = 20.54,
p = 0.0045 single tailed test). The result was consistent to the
primary outcome of HIV infection in that the CD4+ cell counts
continued to decline, thereby resulting in AIDS. However, the
strength of their association was weakened by the co-infection with
an HCV virus that at the same time facilitated disease progression
and mortality.

The IL-27 levels’ ranges were 27 pg/ml to 890 pg/ml 188 pg/
ml to 1,539 pg/ml and 135 pg/ml to 1,229 pg/ml in the control
group, HIV mono-infected group, HIV/HCV-co-infected group,
respectively. IL-27 titer was significantly upregulated in the HIVinfected individuals compared to healthy controls, as shown in the
box-plot of Figure 1 (HIV mono-infection versus control:
6756334 pg/ml versus 4106226 pg/ml, mean 6 SD, P,0.001;
HIV/HCV co-infection versus Control: 6786300 pg/ml versus
4106226 pg/ml, P,0.001); there was, however, no statistical
difference between the HIV mono-infection and the HIV/HCV
co-infection individuals (6756334 pg/ml versus 6786200 pg/ml).
CD4+ counts in whole blood cells without differentiation of HCVor HIV-specific were measured, and individuals who had CD4+

Figure 3. A. Dividing high and low HIV groups. The red dashed line marks HIV viral load of 105 copies/ml, which was the separation place for the low
and high HIV groups. B. Dividing high and low HIV groups. The red dashed line marks HCV viral load of 56107 IU/ml, which was the separation place
for the low and high HCV groups.
doi:10.1371/journal.pone.0096792.g003
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Figure 4. A. Linear regression of IL-27 on HIV viral load in low HIV-mono-infected subjects. In HIV-mono-infected individuals, the IL-27 had a negative
relationship with natural log of HIV viral count. The linear regresion estimate was IL27 = 280.1 log(HIV) +1,401.8, and p-value = 0.0485. B. Linear
regression of IL-27 on HIV viral load in HIV/HCV-co-infected subjects. Contrary to the significant negative relation resulting in the HIV-mono-infected
group, in the HIV/HCV-co-infected individuals the IL-27 had a positive relationship with the natural log of HIV viral count. The linear regresion
estimate was IL27 = 57.59 log(HIV) +97.73, and p = 0.0495.
doi:10.1371/journal.pone.0096792.g004

CD4+ counts differentially regulated by IL-27 in the HIVmono-infected group and the HIV/HCV-co-infected
group

p = 0.024). A scatter plot of IL-27 against log HIV was in Figure 4A
(low HIV group); the regression p-value was 0.0485. On the
contrary, in the co-infected group, the same pair of quantities had
a significant positive correlation (r = 0.36, p = 0.025). The scatter
plot was in Figure 4B, and regression p-value was 0.0495. In both
the low HCV group and the low HIV group of the co-infected, the
IL-27 and HIV titers had a positive correlation: the low HIV
group had 23 subjects; the correlation co-efficient was 0.20 and the
p-value was 0.18; the low HCV group had 25 subjects and the
correlation co-efficient was 0.38 and the p-value was 0.029. In
sum, the IL-27 level and the HIV viral load had a negative
relationship in the HIV-mono-infected individuals and a positive
relationship in the HIV/HCV-co-infected individuals.

In the HIV-mono-infected group, CD4+ titers and IL-27 level
had a positive correlation (r = 0.17, p = 0.13; Table 2). Linear
regression of CD4+ and log HIV implies that for every 100 pg/ml
increase of IL-27, the number of CD4+ monocytes would increase
by 12 counts per micro liter (Figure 2A; p = 0.26). On the contrary,
in the co-infected group, CD4+ and IL-27 titers had a tendency of
negative correlation. CD4+ monocytes decreased by 13 counts for
every 100 pg/ml increase of IL-27 (Figure 2B, p = 0.29). Because
IL-27 actives naı̈ve CD4+ T-cells [20], this difference implies that
co-infection with HCV might have altered the expression profile of
IL-27, disrupted the biological function of IL-27, or accelerated
CD4+ T cell death.

Discussion
In this study, we showed that plasma IL-27 titer was evidently
elevated in HIV-positive individuals rather than in the health
controls. This is consistent with previous reports describing the
inhibition of HIV-1 replication by IL-27 and where the increased
level of the cytokine is due to early stage immune response
[19,23,25]. In the advanced stage of HIV infection, the virus may
suppress the expression of IL-27 due to HIV-1 down-regulating
immune responses [23]. There was no statistical difference in the
average level of IL-27 in the HIV mono-infected and the HCV-coinfected subjects. In one previous study the suppression of IL-27 by
HCV co-infection was observed, yet the study was conducted in
different conditions with patients receiving HAART and the
sample size was only nine [23]. The difference may result from
different sample characteristics; this could be because our subjects
were ‘‘healthy’’ (CD4+ counts $350 cells/mL) and were treatmentnaı̈ve. Our results support the report that HIV is the main target
of immune responses under HIV/HCV co-infection circumstances [29].
This study is the first to report that IL-27 and CD4+ in
treatment-naive individuals had a positive relationship in HIV-1
mono-infected individuals, whilst a negative relationship was
described for HIV-1/HCV co-infected individuals. The positive
relationship between IL-27 and CD4+ in mono-infected subjects
was found by in vitro findings that IL-27 promoted the proliferation
of naive CD4+ T-cells [11]. When a subject was infected
with HIV, IL-27 was secreted to combat the invading HIV with

Low and high HIV and HCV viral load subjects
All our subjects are in the early clinical stage of HIV-1 infection,
with some predicted to be in acute infection due to the high viral
loads determined. We aimed to analyze the relationship between
IL-27 and HIV-1 viral load when excluding those acutely infected
and where the relationship may be complicated [28]. To find the
appropriate division point of low and high viral load, the HIV
titers (copies/ml) of the mono-infected individuals were sorted and
plotted in Figure 3A. It can be clearly seen that the trend
significantly increased when the viral load was above 105 virions/
ml. The HIV level was divided into low HIV groups (35 subjects)
and high HIV groups (eight subjects). Similar division was done on
the co-infected group by cutoff at HCV level 56107 IU/ml
(Figure 3B). The low HCV group had 25 individuals, and the high
HCV group had five individuals.

IL-27 was differentially associated with HIV titers in the
HIV-mono-infected group and the HIV/HCV-co-infected
group
HIV was taken the natural log transformation for variance
stablization, while IL-27 titers had a normal distribution and no
adjustment is needed. In the mono-infected group, the IL-27 titers
correlated to log HIV viral load negatively (r = 20.04, p = 0.3). In
the low HIV-mono-infected group (35 subjects), IL-27 level
negatively correlated with log HIV titers significantly (r = 20.34,
PLOS ONE | www.plosone.org
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its anti-inflammatory properties and to restore an intact immune
system by boosting naı̈ve CD4+ T cells [11,15–17]. In this antiHIV feedback arc set, IL-27 acts as the mediator; IL-27 elevates
when HIV replicates, and it decreases when HIV replication is
prohibited. However, in the HCV-co-infected group, the level of
CD4+ negatively associated to IL-27, thereby meaning that under
the HCV co-infection, the anti-HIV feedback arc set might be
interrupted, which might result in the uncontrolled or less effective
suppression of HIV replication [30–33]. Then, in an interrupted
anti-HIV feedback arc set, high HIV viral load co-existed with
high plasma IL-27 titer and low CD4+ T cell counts; this may
explain the positive correlation between HIV viral loads and IL-27
titers in the HIV/HCV co-infection group and a native
correlation trend between CD4+ counts and IL-27 titers. High
IL-27 with high HIV viral loads among HIV/HCV-co-infected
individuals might elevate liver-related morbidity and mortality;
this is because IL-27 plays a key pathogenic role in T-cellmediated hepatitis [8,14,34–36]. This study was based on samples
from a previous voluntary-based HIV/AIDS surveillance study;
the left plasma was not enough for us to evaluate liver enzyme
alanine aminotransferase and aspartate aminotransferase levels.
Although the subjects collected were asymptomatic HIV/HCV
positive subjects without obvious liver damage, such as pancytopenia or portal hypertension, the accurate status of liver damage
was not characterized. The lack of liver damage markers hindered

our further analysis of HIV/HCV viral loads and IL-27 titers on
liver damage progression. In this study, cross-sectional data on
HIV/HCV viral loads, CD4+ T cell counts and IL-27 titers were
taken, and, in future work, longitudinal data on these quantities
with disease progression would provide greater insight into the
cytokine response mechanism.
In sum, we confirmed that plasma IL-27 was significantly
elevated in HIV-positive individuals. IL-27 was positively associated with CD4+, and negatively associated with HIV viral load in
HIV-mono-infected individuals. However, under HCV co-infection, the regulation trends were completely altered. Our findings
show that HCV co-infection altered the correlations between HIV
viral loads, IL-27 titers and CD4+ T cell counts. In conclusion, our
results suggest that IL-27 differs in treatment-naı̈ve groups which
have HIV mono-infections and HIV/HCV co-infections. This is
critical information to be considered when caring and treating
those with HIV mono-infection and HIV/HCV co-infection.

Author Contributions
Conceived and designed the experiments: ZRY MLH BZ. Performed the
experiments: LH JZ YXG. Analyzed the data: LH JZ KS MHW.
Contributed reagents/materials/analysis tools: JZ LY HFK LC. Wrote the
paper: LH MHW MLH.

References
16. Greenwell-Wild T, Vazquez N, Jin WW, Rangel Z, Munson PJ, et al. (2009)
Interleukin-27 inhibition of HIV-1 involves an intermediate induction of type I
interferon. Blood 114: 1864–1874.
17. Imamichi T, Yang J, Huang DW, Brann TW, Fullmer BA, et al. (2008) IL-27, a
novel anti-HIV cytokine, activates multiple interferon-inducible genes in
macrophages. Aids 22: 39–45.
18. Wojno EDT, Hunter CA (2012) New directions in the basic and translational
biology of interleukin-27. Trends in Immunology 33: 91–97.
19. Bender H, Wiesinger MY, Nordhoff C, Schoenherr C, Haan C, et al. (2009)
Interleukin-27 Displays Interferon-gamma-Like Functions in Human Hepatoma
Cells and Hepatocytes. Hepatology 50: 585–591.
20. Schoenherr C, Weiskirchen R, Haan S (2010) Interleukin-27 acts on hepatic
stellate cells and induces signal transducer and activator of transcription 1dependent responses. Cell Communication and Signaling 8.
21. Frank AC, Zhang XZ, Katsounas A, Bharucha JP, Kottilil S, et al. (2010)
Interleukin-27, an Anti-HIV-1 Cytokine, Inhibits Replication of Hepatitis C
Virus. Journal of Interferon and Cytokine Research 30: 427–431.
22. Youssef SS, Abd El Aal AM, Nasr AS, El Zanaty T, Seif SM (2013) Interleukin12B Gene Polymorphism Frequencies in Egyptians and Sex-Related Susceptibility to Hepatitis C Infection. Journal of interferon & cytokine research: the
official journal of the International Society for Interferon and Cytokine Research
33: 415–419.
23. Guzzo C, Hopman WM, Mat NFC, Wobeser W, Gee K (2010) Impact of HIV
infection, highly active antiretroviral therapy, and hepatitis C coinfection on
serum interleukin-27. Aids 24: 1371–1374.
24. Chen Q, Swaminathan S, Yang D, Dai L, Sui HY, et al. (2013) Interleukin-27 Is
a Potent Inhibitor of cis HIV-1 Replication in Monocyte-Derived Dendritic
Cells via a Type I Interferon-Independent Pathway. PloS one 8.
25. Lai He JZ, Gan YX, Chen L, He ML (2011) Upregulation of interleukin-27
expression is correlated with higher CD4+ T cell counts in treatment of naive
human immunodeficiency virus-infected Chinese. Journal of AIDS and HIV
Research 3: 3(1).
26. Yi L, Zhao J, Lu J, Chen Y, Chen L, et al. (2014) Gene expression profiling of
CD4+ T cells in treatment-naive HIV, HCV mono- or co-infected Chinese.
Virol J 11: 27.
27. Zhao J, Yi L, Lu J, Yang ZR, Chen Y, et al. (2012) Transcriptomic assay of
CD8+ T cells in treatment-naive HIV, HCV-mono-infected and HIV/HCV-coinfected Chinese. PLoS One 7: e45200.
28. Saag MS, Holodniy M, Kuritzkes DR, OBrien WA, Coombs R, et al. (1996)
HIV viral load markers in clinical practice. Nature Medicine 2: 625-629.
29. Stacey AR, Norris PJ, Qin L, Haygreen EA, Taylor E, et al. (2009) Induction of
a Striking Systemic Cytokine Cascade prior to Peak Viremia in Acute Human
Immunodeficiency Virus Type 1 Infection, in Contrast to More Modest and
Delayed Responses in Acute Hepatitis B and C Virus Infections. Journal of
virology 83: 3719–3733.
30. Stebbing J, Waters L, Mandalia S, Bower M, Nelson M, et al. (2005) Hepatitis C
virus infection in HIV type 1-infected individuals does not accelerate a decrease

1. Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, et al. (1981)
Pneumocystis-Carinii Pneumonia and Mucosal Candidiasis in Previously
Healthy Homosexual Men - Evidence of a New Acquired Cellular Immunodeficiency. New England Journal of Medicine 305: 1425–1431.
2. Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, et al. (2004)
Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired
immune deficiency syndrome (AIDS). Revista De Investigacion Clinica 56: 126–
129.
3. Gallo RC, Sarin PS, Gelmann EP, Robertguroff M, Richardson E, et al. (1983)
Isolation of Human T-Cell Leukemia-Virus in Acquired Immune-Deficiency
Syndrome (Aids). Science 220: 865–867.
4. (1996) Joint United Nations Programme on HIV/AIDS. Leprosy Review 67:
248–248.
5. Lu L, Jia MH, Ma YL, Yang L, Chen ZW, et al. (2008) The changing face of
HIV in China. Nature 455: 609–611.
6. Muessig KE, Cohen MS (2013) China, HIV, and Syphilis Among Men Who
Have Sex With Men: An Urgent Call to Action. Clinical Infectious Diseases 57:
310–313.
7. Tan Y, Wei QH, Chen LJ, Chan PC, Lai WS, et al. (2008) Molecular
epidemiology of HCV monoinfection and HIV/HCV coinfection in injection
drug users in Liuzhou, Southern China. PLoS One 3: e3608.
8. Monga HK, Rodriguez-Barradas MC, Breaux K, Khattak K, Troisi CL, et al.
(2001) Hepatitis C virus infection - Related morbidity and mortality among
patients with human immunodeficiency virus infection. Clinical Infectious
Diseases 33: 240–247.
9. Anthony DD, Conry SJ, Medvik K, Rani MRS, Falck-Ytter Y, et al. (2012)
Baseline Levels of Soluble CD14 and CD16(+)56(2) Natural Killer Cells Are
Negatively Associated With Response to Interferon/Ribavirin Therapy During
HCV-HIV-1 Coinfection. Journal of Infectious Diseases 206: 969–973.
10. Beijer U, Wolf A, Fazel S (2012) Prevalence of tuberculosis, hepatitis C virus,
and HIV in homeless people: a systematic review and meta-analysis. Lancet
Infectious Diseases 12: 859–870.
11. Pflanz S, Timans JC, Cheung J, Rosales R, Kanzler H, et al. (2002) IL-27, a
heterodimeric cytokine composed of EB13 and p28 protein, induces proliferation of naive CD4(+) T cells. Immunity 16: 779–790.
12. Stumhofer JS, Laurence A, Wilson EH, Huang E, Tato CM, et al. (2006)
Interleukin 27 negatively regulates the development of interleukin 17-producing
T helper cells during chronic inflammation of the central nervous system. Nature
immunology 7: 937–945.
13. Batten M, Li J, Yi S, Kljavin NM, Danilenko DM, et al. (2006) Interleukin 27
limits autoimmune encephalomyelitis by suppressing the development of
interleukin 17-producing T cells. Nature immunology 7: 929–936.
14. Hunter CA, Kastelein R (2012) Interleukin-27: Balancing Protective and
Pathological Immunity. Immunity 37: 960–969.
15. Fakruddin JM, Lempicki RA, Gorelick RJ, Yang J, Adelsberger JW, et al. (2007)
Noninfectious papilloma virus-like particles inhibit HIV-1 replication: implications for immune control of HIV-1 infection by IL-27. Blood 109: 1841–1849.

PLOS ONE | www.plosone.org

6

May 2014 | Volume 9 | Issue 5 | e96792

IL-27 Expressed Differently in HIV/HCV Coinfected

in the CD4(+) cell count but does increase the likelihood of AIDS-defining
events. Clinical Infectious Diseases 41: 906–911.
31. Monforte AD, Cozzi-Lepri A, Castagna A, Antinori A, De Luca A, et al. (2009)
Risk of Developing Specific AIDS-Defining Illnesses in Patients Coinfected with
HIV and Hepatitis C Virus With or Without Liver Cirrhosis. Clinical Infectious
Diseases 49: 612–622.
32. Kondo Y, Machida K, Liu HM, Ueno Y, Kobayashi K, et al. (2009) Hepatitis C
Virus Infection of T Cells Inhibits Proliferation and Enhances Fas-Mediated
Apoptosis by Down-Regulating the Expression of CD44 Splicing Variant 6.
Journal of Infectious Diseases 199: 726–736.
33. Yang HM, Li XM, Stanton B, Liu HJ, Liu H, et al. (2005) Heterosexual
transmission of HIV in China: A systematic review of behavioral studies in the
past two decades. Sexually Transmitted Diseases 32: 270–280.

PLOS ONE | www.plosone.org

34. Rockstroh JK, Mocroft A, Soriano V, Tural C, Losso MH, et al. (2005)
Influence of hepatitis C virus infection on HIV-1 disease progression and
response to highly active antiretroviral therapy. Journal of Infectious Diseases
192: 992–1002.
35. Siebler J, Wirtz S, Frenzel C, Schuchmann M, Lohse AW, et al. (2008) Cutting
edge: A key pathogenic role of IL-27 in T cell-mediated hepatitis. Journal of
Immunology 180: 30–33.
36. de Groot R, van Beelen A, Bakdash G, Taanman-Kueter E, de Jong E, et al.
(2012) Viral dsRNA-activated human dendritic cells produce IL-27 which
selectively promotes cytotoxicity in naive CD8(+) T cells. Immunology 137: 348–
348.

7

May 2014 | Volume 9 | Issue 5 | e96792

