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Abstract

Background—Immune activation is one of the main features of HIV/Hepatitis C virus (HCV)

infections and has been linked to the disturbance of the gut-associated lymphoid tissue (GALT). In

chronic HIV infection, loss of GALT integrity results in translocation of microbial products and

chronic immune activation. We explored the relationship between bacterial translocation and

specific colonic proteins, including liver expressed antimicrobial peptide (LEAP 2) which may

play a role in modulating the bacterial translocation process.

Methods—A total of 40 subjects (10 HIV/HCV, 10 HIV, 10 HCV-infected patients and 10

controls) were enrolled and underwent serum and colonic tissue sampling. The levels of immune

activation were evaluated by measuring plasma sCD27, and the levels of selected

proinflammatory, Th2 and regulatory cytokines in both the plasma and supernatant of CD3-

stimulated intraepithelial lymphocytes. We also evaluated LEAP-2 expression in the colon

biopsies using Affymetrix Human Gene 1.0 ST (HuGene) and fluorescent immunohistochemistry.

Results—Increased levels of sCD27 were observed in HIV/HCV coinfected (p=0.03) and HIV

monoinfected (p=0.04) patients compared with controls consistent with the presence of immune
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activation. The chip array identified LEAP-2 expression as a key marker associated with immune

activation. LEAP-2 expression in HIV, HCV and HIV/HCV-infected patients was significantly

lower compared with controls, and was significantly negatively correlated (p=0.03, r=−0.44) with

sCD27.

Conclusions—Our data suggests that HCV and HIV infections are associated with decreased

expression of LEAP-2 in colonic tissue. This may represent a key mechanism for enhanced

microbial translocation and immune activation in HIV/HCV-infected patients.

INTRODUCTION

The gut is colonised with ~1014 normal bacterial flora which is important for the normal

development of the immune system and efficient metabolic and digestive functions.1 Given

the critical functions of the bacterial flora, several mechanisms exist to prevent the invasion

of these bacteria or translocation of their products from the intestinal lumen to the systemic

circulation. Endothelial cells of the gut, in addition to their important absorptive function,

act as a physical and biological barrier to protect the host from microbial invasion. As part

of their defensive mechanisms, endothelial cells synthesise and secrete multiple small (<10

KDa) antimicrobial peptides (AMPs) such as defensins,2 cathelicidins3, 4 and liver-

expressed antimicrobial peptide-2 (LEAP-2)5 that kill the invading bacteria and promote the

immune defence mechanisms against them.

LEAP-2 is a cysteine-rich, cationic AMP secreted mainly by the epithelial cells of the gut,

kidney, lung, heart and the hepatocytes.6 LEAP-2 mRNA codes for a precursor protein of 77

amino acid residues and at least four different splice variants. The large native LEAP-2 form

of 40 amino acid residues has antimicrobial properties and is generated from the precursor at

a putative cleavage site for a furin-like endoprotease.6

AMPs are part of the innate immune system and highly conserved among species. However,

during HIV infection, there is a loss of the integrity of the epithelial barrier of the gut.7

Consequently, there is an increase in the gastrointestinal (GI) permeability which is directly

associated with microbial translocation8 and chronic immune activation. Additionally, many

of the protective mechanisms in the gut during HIV infection are impaired including

dysregulation of T cells,9 and defects in the innate immune responses with potential leakage

of bacteria and their products to the systemic circulation and induction of chronic immune

activation.8, 10, 11

The role of LEAP-2 in microbial translocation in HIV and Hepatitis C virus (HCV) infection

is not known. In this study, we examined the levels of expression of LEAP-2 in the colon

tissues of controls, HIV, Hepatitis C virus (HCV) and HIV/Hepatitis C virus (HCV)-

coinfected patients, and the relationship between LEAP-2 expression to immune activation,

and cytokine production.
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METHODS

Patients and methods

All participants were recruited from University of Cincinnati clinics. Consent forms were

obtained from participating subjects according to a protocol approved by the University of

Cincinnati College of Medicine institutional review board. To study the effect of HIV-1 and

HCV infection on microbial translocation, 10 non-infected controls, 10 HIV-1

monoinfected, 10 HCV monoinfected, and 10 HIV/HCV-coinfected subjects were enrolled

in the study. Inclusion criteria encompassed patients with active HIV and/or HCV of all

ages, and without selection by race or gender. Exclusion criteria included any patient with a

history of inflammatory bowel diseases (IBD) or suspected IBD, autoimmune diseases

including rheumatoid arthritis, and any patients on systemic immunomodulators. Pregnancy

was also an exclusionary factor. Controls were non-HCV, non-HIV-infected subjects who

were screened for colon cancer, and were all negative for colon cancer.

All HIV-infected patients were receiving different regimens of antiretroviral treatment,

including combinations of the following: zidovudine, abacavir, atazanavir, lamivudine,

emtricitabine, darunavir, raltegravir, efavirenz and/or ritonavir-boosted protease inhibitor.

Additionally, 10 HCV-infected patients were receiving anti-HCV treatment which consisted

of pegylated interferon-α and ribavirin. Thirty mL of blood was drawn from each subject.

Additionally, rectal biopsies from the distal colon were obtained from patients and controls

using flexible sigmoidoscopy (3 biopsies from the descending colon 1–3 mm in size using

biopsy forceps (30–45 cm from the anal verge).

Demographic data and characterisation of the enrolled subjects are summarised in table 1.

HIV viral loads were determined in patients’ plasma using COBAS AmpliPrep/COBAS

taqMan HIV-1 Test V.2.0 (Roche Diagnostics, Indianapolis, Indiana, USA) with a threshold

of 40 copies/mL. Peripheral blood mononuclear cells (PBMCs) were isolated from the blood

by density gradient using Ficoll-Paque Plus (Histopaque, Sigma, St Louis, Missouri, USA)

according to the manufacturer’s instruction. PBMCs were washed twice in RPMI-1640

(Gibco, Carlsbad, California, USA), counted and used immediately, or stored in 10%

Dimethyl sulfoxide (DMSO) at −80°C for further analysis.

RNA isolation and microarray analysis

RNA was isolated from one part of colon tissue biopsies using RNeasy Mini Kit (Qiagen

Valencia, California, USA). Gene expression patterns were investigated by Chip Selection

Human Gene 1.0 ST microarray according to the manufacturer’s instructions. Briefly, the

quality of the total RNA was checked by the Agilent 2100 Bioanalyzer using the RNA 6000

Nano Assay. For each sample, the Ambion Whole Transcript (WT) Expression Kit (Life

Technologies) synthesises cDNA target from 50 ng of total RNA. Then the GeneChip

Whole Transcript (WT) Terminal Labeling Kit (Affymetrix), was used to both chemically

fragment and biotin-label the cDNA target. Each sample was hybridised with hybridisation

cocktail to a standard Probe Array Cartridge (GeneChip Human Gene 1.0 ST Array–

Affymetrix) in the GeneChip Hybridisation Oven 640 (Affymetrix). Probe arrays were

washed and stained using the Fluidics Station 450 (Affymetrix). The arrays were scanned
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with the Affymetrix GeneChip Scanner 3000 7G. Raw data files were created by Command

Console, the Affymetrix operating software program. The Affymetrix Expression Console

Program was used to examine the Affymetrix Gene Array quality control factors. Data were

normalised using the Robust Multi-Array Analysis (RMA) algorithm.

Fluorescent immunohistochemical staining and confocal imaging

LEAP-2 protein expression was evaluated by fluorescent immunohistochemistry as

previously described.5 Briefiy, colon biopsy samples were fixed in 10% buffered formalin,

dehydrated in ethanol, and embedded in paraffin. Tissue sections (4 μm thickness) were

treated with boiling sodium citrate buffer for antigen retrieval, and washed. The non-specific

sites were blocked with phosphate buffer saline (PBS) containing 10% normal donkey

serum and 3% bovine serum albumin (BSA) for 2 h at room temperature. The slides were

then treated with rabbit antihuman LEAP-2 (Cat No H-075-40, Phoenix Pharmaceuticals,

Burlingame, California, USA) at 1 : 500 dilution and incubated overnight at 4°C. The slides

were washed and then treated with the secondary antibody Alexa Fluor 594 donkey

antirabbit IgG (Jackson Immunoresearch, West Grove, Pennsylvania, USA) diluted 1 : 100

for 1 h at room temperature. 4′,6-diamidino-2-phe-nylindole (DAPI) diluted 1:1000 was

used for nuclear staining. The slides were air dried for 5 min, cover-slipped with Prolong

Gold Antifade (Life Technologies, Grand Island, New York, USA), and examined by Zeiss

LASER scanning confocal microscopy (LSM510) with high-power fields (1HPF=0.237

mm2) LEAP-2 expression in colon tissue from HIV, HCV, or HIV/HCV-infected patients

and matched normal healthy controls, as well as from archived positive control samples

from ulcerative colitis and Crohn’s diseases12 were examined.

Evaluation of markers of immune activation

The level of plasma sCD27 was measured using ELISA (Pelikine, RDI) as previously

described,13 and specified by the manufacturer. sCD27 Levels were measured in duplicate

using 25–50 μL of sample for each individual. The lower limit of detection of the assay was

0.2 U/mL. The concentrations of sCD27 were determined by extrapolation from the

appropriate standard curves.

Measuring cytokines levels

Intraepithelial lymphocytes (IEL) was separated using a dithiothreitol (DDT)/EDTA/

collagenase method, as described,14 with modification.

Briefly, immediately after resection, the tissue is transported to the laboratory in ice-cold

calcium and magnesium-free Hank’s balanced salt solution (HBSS-CMF), and washed twice

with Calcium and Magnesium-free Hank’s balanced salt solution (HBSS-CMF), and

incubated at 4°C for 30 min with 1 mmol/L DDT (Sigma Chemical) in HBSS supplemented

with 100 U/mL penicillin, 100 μg/mL streptomycin, gentamycin (50 μg/mL) and 25 μg/mL

amphotericin B to remove the mucus layer. Then, the tissue was incubated with 0.75

mmol/L EDTA in Calcium and Magnesium-free Hank’s balanced salt solution (HBSS-

CMF), at 37°C for 1 h to remove epithelial cells. The tissue was then washed twice with

Calcium and Magnesium-free Hank’s balanced salt solution (HBSS-CMF) and incubated at

37°C in a 24-well plate with 1 mL of media containing 10% autologous plasma, RPMI-1640
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(Biofluids) containing sodium pyruvate (Hazleton); HEPES buffer (Sigma), L-glutamine

(Sigma), penicillin/streptomycin, gentamycin (Sigma), and amphotericin B (2.5 μg/mL).

Anti-CD3 (Mabtech Cat No 3605-1-50) was added at a concentration of 100 ng/mL. After

48 h, 0.5 mL of the supernatant was aspirated from the wells and was divided into four

aliquots. The aliquots were stored at −80°C until used for measuring the cytokines level.

Evaluation of the levels of regulatory cytokines secreted by the intraepithelial lymphocytes

was measured using LINCOplex Multiplex according to the manufacturer’s instructions.

Briefly, supernatant and plasma cytokine levels for proinflammatory cytokines (IL-2,

IL-12p40, and tumour necrosis factor (TNF)-α), Th2 cytokines (IL-4) and regulatory

cytokines (IL-10 and IL-17) were measured simultaneously using the LINCOplex Multiplex

Immunoassay (Millipore Corporation, Billerica, Massachusetts, USA). IL-22 levels were

measured using ELISA assay (R&D system, Minnesota, USA) according to the

manufacturer’s instructions. Cytokine levels were measured in duplicate using 25–50 μL of

sample for each individual. The concentrations of cytokines were determined by

extrapolation from the appropriate standard curves. Normal plasma cytokines levels (table 3)

were extracted from manufacturer’s instruction of cytokines ELISA and Multiplex kits.

Statistical analysis

Data were given as range (minimum, maximum); mean ±SD. Student t test was used to

examine the difference between two groups with a significance value at p≤0.05. One-way

analysis of variance test was used to examine the difference between groups of the enrolled

subjects. Correlations between parameters measured were calculated using Spearman’s

correlation coefficient for patients and controls.

RESULTS

Characterization of the enrolled subjects

Forty subjects were enrolled in the study, 10 in each group. Demographic and clinical

characteristics of the enrolled subjects are shown in table 1. HIV-infected subjects were

significantly younger (p<0.01) than the other groups, and all of them were male.

Additionally, CD4 counts were significantly lower in HIV-infected patients compared with

controls or HCV groups (p<0.05 and p<0.01, respectively). Liver enzymes (ALT and AST)

were significantly higher (p<0.05) in HCV monoinfected and HIV/HCV coinfected patients,

compared with the controls.

Gene array of colon tissues

Gene array of the colon tissues of HIV, HCV and HIV/HCV-coinfected patients showed

significant differences between gene expressions of the colon tissues from control subjects

compared with patients as shown in the heat map of the gene array (figure 1). More than 390

genes were significantly different in expression levels between patients and control groups.

Table 2 summarises some of the gene groups that were different in the colon tissues from

control and patients groups. Further analysis revealed that 77 and 307 genes were down-

regulated in HIV and HIV/HCV-coinfected patients, respectively, compared with controls.

Additionally, 173 and 167 genes were upregulated in HIV and HIV/HCV coinfected

patients, respectively, compared with controls (data not shown). Significant differences were
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observed in the expression of genes related to receptor binding (30 genes, p=2.34E-8),

extracellular matrix (9 genes, p=4.1E-8), histocompatibility complex genes (3 genes,

p<0.001), and chemokine ligands (2 genes, p<0.001). Differential expression was carefully

evaluated to determine targets for further evaluation, in relation to our interest in bacterial

translocation and immune activation. This evaluation led to further study of LEAP-2 gene

expression.

Expression data of LEAP-2

LEAP-2 is expressed by both hepatocytes and enterocytes of the colon and has antimicrobial

effects.5, 6, 15, 16 LEAP-2 expression was significantly higher (p<0.05) in controls (mean

±SD: 6.9 ±0.6) compared with HIV-monoinfected (5.80±0.4), HCV-monoinfected

(5.84±0.5), and HIV/HCV-coinfected (5.84 ±0.5) patients (figure 2). Immunohistochemical

staining of the colon biopsies by anti-LEAP-2 antibody revealed comparable results to gene

array where colon tissues with higher level of LEAP-2 gene expression (controls) were

associated with high levels of LEAP-2 protein expression in the colon tissues (figure 3A,B).

Correlation between LEAP-2 gene expression and immune activation

To further analyse the role of LEAP-2 expression on microbial translocation and immune

activation which are commonly associated with HIV infection, we measured makers of

immune activation in the plasma and correlated it with the levels of LEAP-2 expression.

sCD27 Is one of the reliable markers of T cell activation which correlates strongly with

immune activation. The plasma levels of sCD27 in the controls were significantly lower

than the levels in HIV-monoinfected (p=0.04) and HIV/HCV-coinfected (p=0.03) patients

(mean ± SD: 0.5±0.2, 11.9 ±4.7 and 63.4±23.5 U/mL, respectively), but not significantly

different from the levels of sCD27 in HCV-monoinfected subjects (p=0.19, mean ± SD:

12.9±8.8 U/mL) figure 4A. Additionally, there was a significant negative correlation

(p=0.03, r=−0.44) between the levels of plasma sCD27 in all the enrolled subjects and

LEAP-2 gene expression (figure 4B).

Correlation between LEAP-2 gene expression and cytokines

To identify the status of immune activation in the enrolled subjects, inflammatory cytokines

(IL-2, TNF-α and IL12p40), Th2 cytokine (IL-4, IL-10), and regulatory cytokines (IL-17

and IL-22) were measured in the plasma and the supernatant of the IEL in vitro stimulated

with anti-CD3. As shown in tables 3 and 4, significant differences in the levels of TNF-α
were observed both in the plasma and the supernatant of stimulated IEL (p=0.03 and p=0.02,

respectively). IL-4 levels were significantly different in the supernatant (p=0.02) but not in

the plasma (p=0.7). However, there was no significant correlation between the TNF-α or

IL-4 levels and LEAP-2 expressions (data not shown). No significant differences were

observed with other cytokines (tables 3 and 4).

DISCUSSION

The colon contains a large population of diverse bacterial species which consist of ~1012

micro-organisms per gram of colonic content. The bacterial flora is composed of

approximately 1000 species of bacteria.17, 18 The relationships between the bacterial flora
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and the host is complex and involves interactions among the bacterial flora, the local and

systemic innate and adaptive immune response and enterocytes, and their secreted products,

such as mucus, AMPs and enzymes.

During both HIV19, 20 and HCV21, 22 infections, there is an increase in translocation of

microbial products into peripheral circulation. Different mechanisms have been proposed

regarding microbial translocation in HIV and HCV infections, including alteration in the

integrity of the GI barrier,18, 20 increased GI inflammation with abundant proinflammatory

cytokines production,23, 24 dysregulation of T cell subsets,9, 10 and decreased microbial

clearance.18

In this study, we examined the colonic tissues and the peripheral blood of 10 healthy

controls, and compared them with 30 HIV, HCV and HIV/HCV-coinfected patients. Genetic

analysis of the colon tissues of the enrolled groups revealed a remarkable difference in gene

expression in colon tissues from the controls compared with patients (table 2 and figure 1).

Though subjects with HIV were somewhat younger than other groups, and all of them were

male, this is unlikely to be a factor in the observed gene expression outcomes. To further

characterise immune-related genes, we analysed the up-regulated and down-regulated genes

in HIV and HIV/HCV compared with controls. Compared with controls, approximately 77

and 307 genes were significantly (>1.5 folds) down-regulated in HIV and HIV/HCV,

respectively, while 173 and 163 immune-related genes were significantly (>1.5 folds) up-

regulated in HIV and HIV/HCV-coinfected patients respectively. Although HCV has been

recognised mainly as a hepatotropic virus, our data indicated that HIV/HCV coinfection is

associated with dramatic changes in gene expression in the colonic tissues compared with

HIV alone. These changes in gene expression may be due to HCV replication in the colon

tissues which has been described previously,25–28 or due to modulation of cytokines/

chemokine production by remote infection and injury in the liver and elsewhere. Since all

the HIV patients were under treatment, we were unable to investigate the effect of

antiretroviral treatment or HIV viral RNA levels on LEAP-2 expression. For HCV

treatment, no significant effect of anti-HCV treatment was observed on LEAP-2 expression.

Further detection of negative strand HCV RNA in colon tissue by in situ hybridisation and

immunohistochemistry may be able to differentiate between these two possibilities, and is

currently under investigation in our lab.

One of the candidate genes which is expressed by both hepatocytes and enterocytes and

showed significant differences (p<0.05) between the levels of expressions in the control and

patients is LEAP-2 (figure 2). Immunohistochemical analysis of LEAP-2 showed decreases

of LEAP-2 protein expression in the colonic tissues of HIV, HCV and HIV/HCV-coinfected

patients compared with the controls which correlate with gene expression levels (figure 2).

The differences in genes’ expression were specific for LEAP-2 and not observed in other

AMPs such as defensins (see online supplement 2).

To investigate the relationship between LEAP-2 expression and immune activation, the

plasma levels of sCD27, which is a marker of T cell activation,13, 29 was measured. CD27 is

type II transmembrane glycoprotein, which belongs to the TNF receptor family, and is

expressed on the surface of antigen-experienced B cells,30 most T cells,31 and natural killer
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cells.32 Surface CD27 can be cleaved through the action of matrix metalloproteases33

forming soluble CD27.34 This cleavage may occur in activated T cells after triggering of the

T cell receptor complex.35 During HIV-1 infection, plasma levels of sCD27 have been used

as an independent marker to monitor the effect of antiretroviral treatment on HIV-1-induced

immune activation.13, 29 In the present study, plasma sCD27 was investigated and correlated

its level with LEAP-2 gene expression. Our data indicated that there are significant

differences in the levels of sCD27 in the plasma of HIV and HIV/HCV-coinfected patients

compared with the controls (p=0.04 and p=0.03, respectively), but not with the levels in

HCV-infected patients (p=0.19) (figure 3A). The absence of significant differences in

sCD27 between HCV-infected patients and controls may be due to the limited effects of

HCV alone on immune activation. However, there is significant negative correlation

between the levels of sCD27 and LEAP-2 expression (p=0.03, r=−0.44) (figure 3B), which

supports the possible role of LEAP-2 expression in prevention of immune activation in HIV

and HCV infections.

Immune activation and microbial translocation pathogenesis could be influenced by the

levels of proinflammatory cytokines (IL-2, IL-12p40 and TNF-α), Th2 cytokines (IL-4), or

regulatory cytokines (IL-10 and IL-17) either in the plasma or the microenvironment of the

gut. Therefore, we analysed the cytokines profiles in the plasma as markers of systemic

immune activation, and in the supernatant of anti-CD3 stimulated IEL in vitro as surrogate

markers for the inflammatory conditions in the microenvironment of the colonic tissues. Our

data indicated that TNF-α is the only cytokine which differs significantly, especially in

HIV/HCV-infected and HIV-infected patients, in both the plasma levels and the supernatant

of stimulated IEL (p=0.03 and p=0.02, respectively) (tables 3 and 4). TNF-α is secreted by

activated macrophages and lymphocytes and induces diverse responses, including

inflammation and apoptosis.36 Accumulating data indicate that TNF-α is a key player in

HIV pathogenesis.36 HIV proteins have been shown to target TNF-α receptor activation

pathways, leading both to apoptosis of uninfected T cells and to sustained viral replication in

infected T cells. IL-4 which is Th2 and an anti-inflammatory cytokine, is significantly lower

in the supernatant of the HIV/HCV groups compared with the other groups (p=0.02) which

indicated the dominant status of immune activation in those patients.37–39 The absence of

differences in the plasma levels of IL-4 may reflect the dilution of IL-4 with blood plasma

and the low levels of systemic secretion of IL-4.

In conclusion, we have shown for the first time a relationship between the AMP, LEAP-2,

from enterocytes and the level of immune activation in HIV-infected and HCV-infected

patients. Decreased gene expression and production of LEAP-2 represent a potential

mechanism for microbial translocation and subsequent immune activation in HIV-infected

and HCV-infected patients.
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Refer to Web version on PubMed Central for supplementary material.
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Take-home messages

• Immune activation is one of the main features of HIV/HCV infections and it is

linked to the disturbance of the gut-associated lymphoid tissue in HIV/HCV.

• Plasma sCD27, and tumour necrosis factor-α are correlated with the presence of

immune activation in HIV-infected and HIV/HCV-infected patients.

• Liver expressed antimicrobial peptide-2 gene and protein expressions by

enterocytes were significantly lower in HIV, HCV and HIV/HCV-infected

patients compared with controls, and may play a role in microbial translocation

and immune activation experienced during HIV and HCV infections
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Figure 1.
Heat map of gene array data of colon biopsies from control, HIV, HCV and HIV/HCV-

coinfected patients. Log-fold changes of gene expressions (Y axis) for the colon tissues from

control, HIV, HCV and HIV/HCV-coinfected patients are plotted in a heat map graph. Red

represents up-regulated gene expression, while green represents down-regulated gene

expression. Degree of colour reflects the levels of changes.
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Figure 2.
Liver expressed antimicrobial peptide-2 (LEAP-2) gene expression in colon tissue. Relative

expression of LEAP-2 mRNA was measured using gene array as described in the methods.

The levels of LEAP-2 expressions were compared between the enrolled groups using the

Student t test. Data was presented using vertical box and whiskers graph. The horizontal

lines represent the median values. The vertical lines represent the SDs. The box represents

the 75% percentile of the data. LEAP-2 expression is significantly higher (p<0.05) in control

groups compared with HIV-monoinfected, HCV-monoinfected and HIV/HCV-coinfected

patients (mean±SD: 6.9±0.6, 5.80±0.4, 5.84±0.5, and 5.84±0.5, respectively). The

differences between the controls and HIV-monoinfected, HCV-monoinfected and HIV/

HCV-coinfected patients were significant (p=0.02, p=0.04, and p=0.03, respectively). No

significant difference was observed among patient groups.
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Figure 3.
Expression of liver expressed antimicrobial peptide-2 (LEAP-2) protein in the colon tissues.

Expression of LEAP-2 protein in the colonic tissue was evaluated using fluorescent

immunohistochemistry. (A) Represents the expression of LEAP-2 protein in colonic tissue

from normal healthy control subject using anti-LEAP-2 antibody (A2), positive control

colon biopsy samples from a patient with Crohn’s disease (A3) or patient with ulcerative

colitis (A4) or isotype control (A1) and the secondary antibody Alexa Fluor 594 donkey

antirabbit IgG. LEAP-2 appears as red particles in intraepithelial and interstitial tissue of the

colon. (B) Shows representatives data of the comparative evaluation of LEAP-2 expression

in colonic tissues from a healthy control subject (#105), HIV-monoinfected (#205), HCV-

monoinfected (#303) and HIV/HCV-coinfected (#404) patients. The relative expression

levels of LEAP-2 for control (#105), HIV patient (#205), HCV-monoinfected patient (#303),

and HIV/HCV-coinfected patient (#404) were 7.64, 5.35, 5.14 and 5.61, respectively. The

corresponding haematoxylin and eosin (H&E) staining for colonic tissues of the subjects

demonstrated an increase in infiltrating inflammatory cells (markers of immune activation)

in colonic tissues of patients compared with control.
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Figure 4.
Levels of sCD27 in the plasma of enrolled subjects. (A) Plasma levels of sCD27 were

measured by ELISA as described in methods. Data are presented using vertical scatterplot

graph. The horizontal lines represent the mean values with each symbol represents one

subject; controls (open circle), HIV-monoinfected (filled circle), HCV-monoinfected (filled

triangle), and HIV/HCV-coinfected (filled rectangle) patients. The levels of sCD27 in the

control were significantly lower than the levels in HIV-monoinfected (p=0.04), and HIV/

HCV-coinfected patients (p=0.03) (mean±SD: 0.5±0.2, 11.9±4.7 and 63.4±23.5 U/mL,

respectively), but not significantly different from the level of sCD27 in the HCV-

monoinfected patients (p=0.19, mean±SD: 12.9±8.8 U/mL). (B) A significant negative

correlation (p=0.03 r= −0.44) between plasma sCD27 levels of the patients with their

relative expression of liver expressed antimicrobial peptide-2 in colon tissue compared with

controls. The data was evaluated using Spearman’s correlation coefficient.
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Table 1

Demographic and clinical data characteristics of the enrolled subjects

Demographic characters
Control
n=10

HIV
n=10

HCV
n=10

HIV/HCV
n=10

Sex

 Male 4 10 6 7

Age

 Range 42–64 24–54* 47–67 46–54

 (Average±SD) (56±6.8) (43±10.7) (56.8±6.6) (49.1±6.3)

Race

 White 7 7 4 5

 A–A 3 2 6 5

 Others 0 1 0 0

Antiretroviral treatment NA 10 NA 10

HCV treatment NA NA 3 7

CD4 counts (cells/μL)

 Range 420–890 310–550† 520–1060 320–960

 (Average±SD) (699±138) (472±183) (773±180) (603±233)

HCV viral load (106 IU/mL)

 Range NA NA 0.09–6.3 0–7.5

 (Average±SD) (2.9±2.3) (2.5±4.3)

HIV viral load (copies/mL)

 Range NA 0–6670 NA 0–110

 (Average±SD) (805±2087) (43±34)

Alanine Aminotransferase (ALT) (U/L)

 Range 12–35 12–46 20–97 17–82

 (Average±SD) 22.5±7.6 23.3±10.1 44.8±27.2 37.8±18.8

Aspartate Aminotransferase (AST) (U/L)

 Range 14–47 16–52 22–124 18–78

 (Average±SD) 24.3±9.7 23.5±10.8 57.4±33.7 40.2±18

Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST) are significantly different among the groups (p<0.001), and significantly
higher (p<0.05) in HCV mono-infected and HCV/HIV coinfected patients compared with controls.

*
Age: There is a significant difference (p<0.01) between HIV and other groups.

†
CD4 counts: There are significant differences between CD4 counts in HIV and control or HCV (p<0.05 and p<0.01, respectively).
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Table 2

Comparison between the gene expression in colon tissues from control and HIV/HCV-infected patients

Functions
HIV/HCV compared with controls*
Gene family p Value Number of genes involved

Molecular function Receptor binding 2.34E-08 30

Extracellular matrix structural constituent 4.16E-08 9

Collagen binding 5.39E-06 6

Polysaccharide binding 3.95E-05 9

Pattern binding 3.95E-05 9

Biological process Extracellular matrix organisation 1.18E-11 14

Cell adhesion 1.39E-10 30

Biological adhesion 1.39E-10 30

Extracellular structure organisation 2.42E-10 16

Response to wounding 1.10E-09 31

Cellular component Extracellular region part 3.47E-20 48

Extracellular space 4.93E-17 39

Proteinaceous extracellular matrix 7.33E-15 24

Extracellular matrix 3.17E-14 25

Extracellular matrix part 2.19E-11 14

Pathways ECM-receptor interaction 2.14E-10 12

Focal adhesion 8.54E-08 14

Genes involved in integrin cell surface interactions 4.64E-06 8

Syndecan-2-mediated signalling events 3.89E-05 5

Integrin signalling pathway 1.05E-04 9

Gene family Histocompatibility complex genes 6.31E-04 3

Chemokine ligands 5.84E-03 2

CD molecules 2.28E-02 4

*
Date were presented as group of genes according to their functions, and the numbers of genes in each group.
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