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The Human Cathelicidin LL37 Peptide has High Plasma Levels in B and C Hepatitis
Related to Viral Activity but not to 25-Hydroxyvitamin D Plasma Level
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The serum level of the human cathelicidin-LL37, an immunomodulatory vitamin D-induced
peptide was less studied in viral hepatitis. The aim of this study was to analyse the cathelicidin-LL37
and vitamin D serum level in hepatitis B virus (HBV) and hepatitis C virus (HCV) infections and
their correlations.
Methods. A total of 52 patients with HBV and HCV hepatitis and 22 controls were selected.
ELISA method was used to detect the cahelicidin-LL37 (LL37 human Elisa Hycult Biotech) and 25hydroxyvitamin D (IDS 25-Hydroxy Vitamin D EIA Immunodiagnostic Systems Ltd) serum level.
The positive viral load (obtained following RT-PCR) defined active forms of hepatitis whereas a
negative viral load indicated inactive hepatitis. Cathelicidin-LL37 and vitamin D were analysed in
each group of hepatitis versus controls and each active hepatitis group versus inactive hepatitis group.
Results. Increased LL37 plasma levels were noted in HCV hepatitis versus controls (p = 0.046),
HBV hepatitis versus controls (p=0.087), active versus inactive HCV hepatitis (p = 0.014) and
inactive versus active HBV hepatitis (p=0.009). Vitamin D deficiency (< 31.80 ± 8.74 nmol/L) was
detected in all the subjects. The Pearson correlation between the vitamin D status and LL37 level was
weak.
Conclusions. Plasma concentrations of cathelicidin-LL37 were significantly higher in active
HCV and inactive HBV infection suggesting the LL37 implication in certain HCV and HBV hepatitis
forms. Vitamin D deficiency was uniformly observed in all forms of hepatitis but with no significant
correlation to the LL37 level.
Key words: cathelicidin LL37; vitamin D; viral hepatitis B; viral hepatitis C; viral replication.

The cathelicidin-LL37 (LL37) is a human
peptide of the innate immunity system with a
complex role in the antiinfectious defence [1-3].
The antiviral potential of LL37 has been already
proved in several in vitro studies [4-5] including the
role of LL37 in binding and neutralizing heparan
sulphate [6-7], a receptor for hepatitis C virus
(HCV). Furthermore, in vitro studies highlighted
the immune modulating action of LL37 in various
infections, especially the Th1 enhancing response
[8] .The synthesis of LL37 is regulated at a
transcriptional level by vitamin D nuclear receptors
(VDR) which are spread in all the immune cells.
VDR are activated by 1,25hydroxyvitamin D (1,25OHD), the active form of vitamin D. Some studies
disclosed a direct correlation between the circulating
form of vitamin D , namely 25-hydroxyvitamin D
(25(OH)D) and the VDR or the cathelicidin-LL37
in the inflammatory, autoimmune or neoplastic
diseases [9-10] The relation between vitamin D and
LL37 was sporadically studied in viral infections.
Although the deficit of vitamin D and some VDR

polymorphisms have been reported in B and C
hepatitis with poor prognosis [11-14] the activity of
LL37 in viral hepatitis is unknown. The aim of this
study was to detect the plasma level of LL37 and to
evaluate its correlation with the vitamin D concentration in patients with viral hepatitis B and C.
Since viral replication is one of the key factors in
the evolution of viral hepatitis we have separately
studied vitamin D and LL37 serum levels in active
and inactive hepatitis.
METHODS AND MATERIALS

1. Patients

The medical and laboratory evaluation was
performed from September 2011 to April 2012 at
“Matei Bals” National Institute of Infectious Diseases,
Bucharest. A number of 74 non-obese Caucasian
patients, aged 20-64 years, 52 with viral hepatitis
and 22 controls, all HIV negative were selected for
the study.
Study groups: 52 infected with HBV and HCV and 22 controls

ROM. J. INTERN. MED., 2012, 50, 3, 217–223

7

The human cathelicidin LL37 peptide – High plasma levels in B and C hepatitis

223

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

ZANETTI M, GENNARO R, ROMEO D. Cathelicidins: a novel protein family with a common proregion and a variable
C-terminal antimicrobial domain. FEBS Lett 1995; 374:1–5.
RIVAS-SANTIAGO B, HERNANDEZ-PANDO R, CARRANZA C, et al. Expression of cathelicidin LL-37 during
Mycobacterium tuberculosis infection in human alveolar macrophages, monocytes, neutrophils, and epithelial cells. Infect
Immun 2008;76: 935-941.
GOLEC M, Cathelicidin LL-37: LPS-neutralizing, pleiotropic peptide. Ann Agric Environ Med 2007;14:1-4.
STEINSTRAESSER L, TIPPLER B, MERTENS J, et al. Inhibition of early steps in the lentiviral replication cycle by
cathelicidin host defense peptides. Retrovirology (2005) 2:2.
COLE AM. Minidefensins and other antimicrobial peptides: candidate anti-HIV microbicides. Expert Opin Ther Targets
2003;7:329–341.
BARTH H, SCHNOBER EK, ZHANG F, et al. Viral and cellular determinants of the hepatitis C virus envelope-heparan sulfate
interaction. J Virol 2006; 80:10579-10590.
DJANANI A, MOSHEIMER B, KANEIDER NC, et al. Heparan sulfate proteoglycan-dependent neutrophil chemotaxis toward
PR-39 cathelicidin. J Inflamm (Lond). 2006;3:14-15.
SCOTT MG, DAVIDSON DJ, GOLD MR, et al. The human antimicrobial peptide LL-37 is a multifunctional modulator of
innate immune responses. J Immunol 2002;169:3883–3891.
WHITE JH, Vitamin D Signaling, Infectious Diseases, and Regulation of Innate Immunity. Infect Immun 2008;76:3837-3843.
BORGES MC, MARTINI LA, ROGERO MM. Current perspectives on vitamin D, immune system, and chronic diseases.
Nutrition 2011;27:399-404.
GAL-TANAMY M, BACHMETOV L, RAVID A, et al. Vitamin D: an innate antiviral agent suppressing hepatitis C virus in
human hepatocytes. Hepatology 2011 ;54:1570-1579.
HAN S, LI T, ELLIS E, et al. A novel bile acid-activated vitamin D receptor signaling in human hepatocytes, Mol Endocrinol
2010;24:1151-1164.
PETTA S, CAMMÀ C, SCAZZONE C, et al. Craxi. Low vitamin D serum level is related to severe fibrosis and low
responsiveness to interferon-based therapy in genotype 1 chronic hepatitis C. Hepatology 2009;51 :1158-1167.
SUNEETHA PV, SARIN SK, GOYAL A, et al. Association between vitamin D receptor, CCR5, TNF-alpha and TNF-beta gene
polymorphisms and HBV infection and severity of liver disease. J Hepatol 2006;44:856-863.
Guidelines for viral hepatitis surveillance and case management 2009 http.www.cdc.gov/hepatitis/surveillanceguidelines.htm.
M.F. HOLICK. Vitamin D deficiency. N Engl J Med 357 (2007) 266-281.
GERLACH T, DIEPOLDER HM, JUNG MC, et al. Recurrence of hepatitis C virus after loss of virus-specific CD4+ T-cell
response in acute hepatitis C. Gastroenterology 1999;117:933-941.
PENNA A, DEL PRETE GD, CAVALLI A, et al. Predominant T-helper 1 cytokine profile of hepatitis B virus nucleocapsidspecific T cells in acute self-limited hepatitis B. Hepatology 1997; 25:1022–1027.
ABU-MOUCH S, FIREMAN Z, JARCHOVSKY J, et al. The beneficial effect of vitamin D combined eg interferon and
ribavirin for chronic HCV infection. Hepatology 2009;50(suppl.)LB20.
GASCON-BARRÉ M, DEMERS C, MIRSHAHI A, et al. The normal liver harbors the vitamin D nuclear receptor in
nonparenchymal and biliary epithelial cells. Hepatology 2003;37:1034-1042.
DAVIDSON DJ, CURRIE AJ, REID GS, et al. The cationic antimicrobial peptide LL-37 modulates dendritic cell differentiation
and dendritic cell-Induced T cell polarization. J Immunol 2004;172:1146–1156.
NIJNIK A, PISTOLIC J, WYATT A, et al. Human cathelicidin peptide LL-37 modulates the effects of IFN-gamma on APCs.
J Immunol. 2009;183:5788-5598.
BOWDISH DM, DAVIDSON DJ, LAU YE, et al. Impact of LL-37 on anti-infective immunity. J Leukoc Biol. 2005; 77:451-459.
SCHAUBER J, SVANHOLM C, TERMÉN S, et al. Expression of the cathelicidin LL-37 is modulated by short chain fatty acids
in colonocytes: relevance of signalling pathways. Gut 2003;52:735-741.

Received July 20, 2012

The Human Cathelicidin LL37 Peptide has High Plasma Levels in B and C Hepatitis
Related to Viral Activity but not to 25-Hydroxyvitamin D Plasma Level
SIMONA ALEXANDRA IACOB1, EUGENIA PANAITESCU2, DIANA GABRIELA IACOB2, M. COJOCARU3
1

“Matei Bals” National Insitute of Infectious Diseases, Bucharest, Romania
“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania
3
“Titu Maiorescu University”, Bucharest, Romania

2

The serum level of the human cathelicidin-LL37, an immunomodulatory vitamin D-induced
peptide was less studied in viral hepatitis. The aim of this study was to analyse the cathelicidin-LL37
and vitamin D serum level in hepatitis B virus (HBV) and hepatitis C virus (HCV) infections and
their correlations.
Methods. A total of 52 patients with HBV and HCV hepatitis and 22 controls were selected.
ELISA method was used to detect the cahelicidin-LL37 (LL37 human Elisa Hycult Biotech) and 25hydroxyvitamin D (IDS 25-Hydroxy Vitamin D EIA Immunodiagnostic Systems Ltd) serum level.
The positive viral load (obtained following RT-PCR) defined active forms of hepatitis whereas a
negative viral load indicated inactive hepatitis. Cathelicidin-LL37 and vitamin D were analysed in
each group of hepatitis versus controls and each active hepatitis group versus inactive hepatitis group.
Results. Increased LL37 plasma levels were noted in HCV hepatitis versus controls (p = 0.046),
HBV hepatitis versus controls (p=0.087), active versus inactive HCV hepatitis (p = 0.014) and
inactive versus active HBV hepatitis (p=0.009). Vitamin D deficiency (< 31.80 ± 8.74 nmol/L) was
detected in all the subjects. The Pearson correlation between the vitamin D status and LL37 level was
weak.
Conclusions. Plasma concentrations of cathelicidin-LL37 were significantly higher in active
HCV and inactive HBV infection suggesting the LL37 implication in certain HCV and HBV hepatitis
forms. Vitamin D deficiency was uniformly observed in all forms of hepatitis but with no significant
correlation to the LL37 level.
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study was to detect the plasma level of LL37 and to
evaluate its correlation with the vitamin D concentration in patients with viral hepatitis B and C.
Since viral replication is one of the key factors in
the evolution of viral hepatitis we have separately
studied vitamin D and LL37 serum levels in active
and inactive hepatitis.
METHODS AND MATERIALS

1. Patients

The medical and laboratory evaluation was
performed from September 2011 to April 2012 at
“Matei Bals” National Institute of Infectious Diseases,
Bucharest. A number of 74 non-obese Caucasian
patients, aged 20-64 years, 52 with viral hepatitis
and 22 controls, all HIV negative were selected for
the study.
Study groups: 52 infected with HBV and HCV and 22 controls
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The hepatitis patients. A number of 52 subjects,
23 males and 29 women were selected from a
larger group of subjects with C hepatitis and B
virus hepatitis (HBV) who have been monitored in
our medical service since 2008. At the time of
selection these patients fulfilled the CDC criteria of
mild hepatitis [15] and were not under antiviral
treatment. They were classified according to the
virus and viral load as follows:
– HCV infections: 34 patients, out of which
27 had active hepatitis (positive viral load with
median values of 75 000 UI/ml ±580 000) and
7 inactive hepatitis (negative viral load);
– HBV infections: 18 patients, out of which
12 were diagnosed with active forms (positive viral
load with mean values 68 000UI/ml ±43 000) and
6 inactive hepatitis (negative viral load).
The controls. A number of 22 subjects, 7 males
and 15 women, were selected from a group of
healthy patients who presented at the hospital for
various investigations.
The hepatitis patients and controls had no
underlying renal disease, cardiovascular disease,
diabetes, obesity, autoimmunity or malignancy and
were not taking any vitamin supplements for
antivirals.
2. Laboratory tests
Baseline laboratory analyses were performed
in “Matei Bals” National Institute of Infectious
Diseases, Bucharest. The baseline laboratory tests
were performed by standard hospital laboratory
methods. These included: hemogram, serum creatinine, glycemia, calcium, phosphorus, phosphatase
alkaline, bilirubin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), hepatitis viral
markers (Anti-HCV, HbsAg, HBeAg, Anti-HBe,
Anti-HBc IgG/IgM, Anti-HDV) and anti HIV
antibodies. The viral load (RNA HCV, DNA HBV)
was detected with Real-time PCR assay (Roche
Cobas TaqMan, limit of detection 45UI/ML for
RNA HCV and 66 UI/ml for DNA HBV).
The LL37 and 25(OH)D detection. Bood
samples for 25(OH)D and LL37 concentrations
were obtained on EDTA tubes by venipuncture and
protected from sunlight. The serum obtained after
centrifugation for 20 minutes at 1100 – 1300 rpm
was separated and stored at -80°C prior to analysis.
The serum levels of 25(OH)D (expressed as nmol/L)
were assessed using ELISA (IDS 25-Hydroxy
Vitamin D EIA kit, Immunodiagnostic Systems
Ltd, UK - reference range 6–360 nmol/L). Serum

2

levels of LL-37 (expressed as ng/mL) were determined with ELISA kit (HK 321 Humman LL37
Elisa Kit, Hycult biotechnology, Uden, The Netherlands-reference range 0.1-100 ng/mL). All protocols
followed the manufacturer’s instructions. Each ELISA
test was run in duplicate, with mean absorbance
computed from the average for two wells normalized to a zero calibrator well. Levels of 25(OH)D
in test samples were derived by fitting a twoparameter logistic curve to six standard levels. The
intra-assay CV for 25(OH)D and LL37 were < 8%
and <10%, respectively. The inter-assay CV for 25
(OH) D and LL37 were <10% for both. LL37 status
was defined by comparing the LL37 plasma level
(expressed as ng/mL) in patients versus healthy
controls. Vitamin D status was defined according to
the 25(OH)D plasma level (expressed as nmol/L)
as normal (>80 nmol/L), insufficiency (< 80 nmol/L)
or deficiency ( <50 nmol/L) [16] .
3. Statistical analysis
Results were given as means ± standard
deviation (SD) or median. When Bartlett’s test
indicated that the group comparisons had equal
variances Student T was performed. When the
group data showed unequal variances Mann-Whitney
nonparametric test was used. A value of p < 0.05
was considered significant and <0.01 highly
significant. Correlations were evaluated for statistical
significance with Pearson's test. Statistical tests
were performed using SPSS software (version 15).
The study has been approved by the Hospital
Scientific and Ethical Committee of “Matei Bals”
Institute. All samples were taken after the informed
consent was granted by each patient. The
procedures were followed in accordance with the
Helsinki Declaration of 1975, as revised in 2000.
We declare no conflict of interests.
RESULTS

The demographic and laboratory parameters
including the plasma values of cathelicidin LL37
and 25(OH)D for the total subjects are presented in
Table I. The LL37 and 25(OH)D serum levels were
also comparatively analysed in active versus inactive
HCV and HBV hepatitis (Table II). The results in
Table II are presented in Fig. 1 for LL37 and in Fig.
2 for the 25(OH)D results. Finally, we evaluated
the correlation between LL 37 and 25(OH)D in
each group of hepatitis patients (Fig. 3).
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Table I
The mean characteristics and laboratory values in the studied population
Characteristic data
Number of subjects
Age, mean years
Gender, male (%)
White blood cells count (× 103/µL)
Polymorphonuclears (× 103/µL)
Lymphocytes (× 103/µL)
Monocytes (× 103/µL)
Blood platelet count (× 103/µL)
Serum ionic calcium (mg/dl)
Serum total calcium (mg/dl)
Serum AST U/L
Serum ALT U/L
Serum glycemia (mg/dl)
Serum creatinine (mg/dl)
Serum phosphorus mg dL_1)
Serum magnesium(mg dL_1)
Serum phosphatase alkaline (u L-1)
Serum total bilirubin(mg dL_1)
LL37 plasma level (ng/ml)
LL37 p value (cases/controls)
Serum 25OHD (nmol L_1)
25OHD p value (cases/controls)

Hepatitis C
34
51.32 (±13.88)
15 (44%)
5.91 (±2.31)
3.25 (±1.28)
1.92 (±0.74)
0.47 (±0.18)
196.89 (±88.2)
4.11 (±0.20)
9.54 (±0.48)
87.44 (±132.8)
92.24 (±123.9)
99.67 (±47.32)
0.78 (±0.21)
3.71(±0.57)
1.83(± 0.19)
88.43(±53.9)
0.80(±0.55)
137.92 (± 80.01)
0.046a
31.80(±8.74)
0.5180 a

Hepatitis B
18
34.13 (±11.54)
8 (44%)
7.43 (±1.88)
4.93 (±1.87)
1.85 (±0.54)
0.60 (±0.15)
201.12 (5±6.56)
4.16 (±0.14)
9.76 (±0.63)
144.4 (±295.2)
312.0 (±576.3)
89.92 (±12.25)
0.88 (±0.23)
3.60(±0.69)
1.82(± 0.13)
113.23(±105.8)
0.95(±0.66)
139.25(± 106.88)
0.087a
29.28
0.5711b

Controls
22
36.22 (±13.86)
7 (31%)
7.49 (±1.77)
4.54 (±1.69)
2.21 (±0.66)
0.54 (±0.19)
249.9 (±84.9)
4.19 (±0.17)
9.80 (±0.30)
26.95 (±16.2)
29.14 (±26.1)
84.56 (±10.1)
0.812 (±0.13)
3.85(±0.66)
1.88(± 0.13)
104.00(±98.55)
0.54(±0.37)
97.55 (±61.13)
30.10(±9.98)

AST = aspartate aminotransferase; ALT= alanine aminotransferase. All values are expressed as mean (± standard deviation) or
median. P value was determined using T student (a) as parametric test and Mann Whitney (b) as non-parametric test
Table II
The plasma values of cathelicidin LL37 and 25(OH)D in active versus inactive hepatitis C and B
The group of patients

p value

LL37 plasma level
(ng mL-1)

25(OHD) plasma level
(nmol-1)

HCV hepatitis
Active HCV hepatitis
155.15 (± 78.84)
0.014 a
30.21 (± 8.02)
Inactive HCV hepatitis
73.93 (± 46.67)
39.75 (± 8.54)
28.75 (± 15.90)
Active HBV hepatitis
76.75
0.009 b
Inactive HBV hepatitis
174.66(± 100.7)
30.55 (± 19.44)
a
=T Student; b =Mann Whitney test. Values are expressed as mean ±standard deviation (or median)

}
}

p value

}
}

0.023 a
0.844 a

Fig. 1. Comparative analysis on the cathelicidin LL37 plasma level in active versus inactive hepatitis C and B revealed
significant differences between the compared groups. P value was determined using T student (a) as parametric test
and Mann Whitney (b) as non-parametric test.
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The plasma level of cathelicidin-LL37 in
patients with chronic hepatitis C virus
Simona Alexandra Iacob, Dorina Banica, Eugenia Panaitescu, Manole Cojocaru and Diana Iacob
and malignancy. Factors independently associated with
fibrosis progression are numerous (age, male gender, various
associated infections, low CD4 count and others) [4]. An
important role could also be attributed to the breakdown of
the gastrointestinal barrier. Thus, the lipopolysaccaride
(LPS) released in the portal blood could increase, activating
molecules of the innate immune system [5], [6]. Recentlly
the low vitamin D level was correlated with hepatic fibrosis
and poor liver function [7]. The anti-inflammatory effect of
1,25(OH)D, the active form of vitamin D is exerted via
vitamin D receptors expressed by all cells of the immune
system. Vitamin D receptors further up-regulate the
synthesis of LL37, an immune modulating antimicrobial
peptide with a high antiinflammatory potential. LL37 was
particularly studied for its ability to neutralize LPS in sepsis.
Other possible therapeutic uses have also been suggested,
including chronic inflammatory diseases. [8]- [10].
The aim of our study was to evaluate the serum levels of
LL37 as anti-inflammatory factor in patients with HCV
infection and to investigate the potential relationships
between the LL37, 25-hidroxyvitamin D [25(OH)D] (the
best indicator of vitamin D status) and necroinflamatory
activity at these patients.

Abstract—The role undertaken by antimicrobial peptides in
neutralizing immune inflammation in patients with infection
remains unclear. Human cathelicidin LL37 is an
antimicrobial peptide upregulated by 1,25-hydroxyvitamin
D, which has not been previously studied in patients with
HCV infection. The aim of our study was to evaluate the
serum levels of LL37 as an anti-inflammatory factor in 46
subjects (25 HCV patients and 21 healthy controls) and to
investigate the potential relationships between the LL37, 25hydroxyvitamina D and necroinflamation in these patients.
The serum concentrations of LL37 were significantly greater
in patients with HCV infection by comparison with values
obtained from controls (12.2405 ng/ml compared with
9.9930 ng/ml, p=0023).
The highest LL37 levels were found in patients with low
necroinflammatory activity (18.1426 ng/ml) and medium
fibrosis (18.5578 ng/ml), compared to those recorded in
controls (9.9930 ng/ml). The difference between the values
found in HCV infected patients and controls was statistically
significant (p=0.023).
The obtained data suggests a possible involvement of LL37
in chronic immune inflammation in patients infected with
HCV.
Keywords—Cathelicidin-LL37, Chronic inflammation,
Hepatitis C virus

II METHODS AND MATERIALS

Patients. The study recorded data obtained on 46
Caucasian subjects aged 43.6years (SD=16.14) out of which
17 males and 29 women, HIV negative. 25 subjects were
diagnosed with HCV infection genotype 1 and 21 were
healthy controls. The patients presented no underlying renal
disease, cardiovascular disease, diabetes, autoimmunity,
malignancy, or other coinfections, not taking vitamin D or
calcium supplements.
Samples. Samples were collected between January and
September 2009. Serum collection for 25(OH)D and LL37
level were obtained in EDTA tubes and centrifuged for 20
minutes at 1100 – 1300 rpm. The plasma was stored at -80°C
prior to analysis.
Tests. Baseline laboratory tests, performed using standard
hospital laboratory methods, included: the hemogram,
creatinine, blood glucose, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), hepatitis viral markers
(Anti-HCV, HBsAg, Anti-HBs, HBeAg, Anti-HBe, AntiHBc IgG/IgM), Anti-HIV, CD4+T cell and CD8+Tcell
number (flow cytometric detection). The Fibrotest and
Actitest score (BioPredictive) were used to asses the fibrosis
and necroinflammatory liver activity. The viral load (RNA
HCV) was detected with Real-time PCR assay (Roche Cobas
TaqMan, limit of detection 45ui/mlL).

I. INTRODUCTION

T

HE HCV infection remains a global health problem
through its frequency, chronic potential and lack of an
efficient prophylaxis [1]. HCV is an RNA virus with hepatic
tropism [2].Extra-hepatic replication also occurs in immune
cells such as dendritic cells or lymphocytes, as well as in
other additional sites, promoting immune evasion and a
chronic infection. The HCV infection along with other
inflammatory factors maintains the chronic immune
activation, which ultimately leads towards hepatic fibrosis
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TABLE
TABLE
I I
BASELINA DEMIGRAPHIC, LABORATORY AND
ACTITEST/FIBROTEST
BASELINA DEMOGRAPHIC,
RESULTSLABORATORY
OF PATIENTS WITH
AND HEPAT
ACTITEST/FIBROTEST
INFECTIONS
RESULTS
OF PATIENTS WITH HEPATITIS C VIRUS INFECTIONS

Serum levels of 25(OH)D (expressed as nmol/L) were
assessed using Elisa (IDS 25-Hydroxy Vitamin D EIA kit,
Immunodiagnostic Systems Ltd, UK -detection range 6–360
nmol/l).
Serum levels of LL-37 (expressed as ng/ml, dilution factor
1/10) were determined with Elisa kit ( HK 321 Humman
LL37 Elisa Kit, Hycult biotechnology, Uden, The
Netherlands- detection range 0.1-100 ng/mL).
All protocols followed the manufacturer’s Instructions.
Each Elisa test was run in duplicate, with mean absorbance
computed from the average for 2 wells normalized to a zero
calibrator well. Levels of vitamin D in test samples were
derived by fitting a 2-parameter logistic curve to 6 standard
levels .The intra-assay CV for 25 (OH) D and LL37 was
<8% and <10% respectively. The inter-assay CV for 25
(OH) D and LL37 was <10% in both cases .
Diagnosis. Diagnosis of HCV infections followed CDC
criteria (Guidelines For Viral Hepatitis Surveillance And
Case Management, 2009 :
http://www.cdc.gov/hepatitis/SurveillanceGuidelines.htm).
The scores for necro-inflammatory activity range were
considered from A0 to A3 (A0= no activity, A1 = minimal
activity, A2 = moderate activity, A3 = severe activity).
Fibrosis was scored from F0-F4 [11]-[13].
Vitamin D status was defined according to 25(OH)D
serum levels. Vitamin D deficiency or insufficiency was
defined as a 25(OH)D concentration <80nmol/L and <50
nmol/L respectively .
LL37 status was defined by comparing the obtained LL37
serum concentrations with values found in healthy controls.
The HCV status was classified according to the Fibrotest
(F1-F4) and Actitest (A1-A3) results and was correlated with
the immune status (CD4+Tcell, CD8+Tcell count and
CD4/CD8 index). Active HCV infection was defined by the
necroinflamatory activity A≥2 (A2+A3) and Inactive HCV
infection by a score A<2 (A0-A1). Cirrhosis was defined by
Fibrotest score (F≥3), abdominal ultrasonography and liver
function tests.
Statistical analysis: Results were given as means or
median. When Bartlett’s test indicated that the group
comparisons had equal variances Student T or one-way
ANOVA and Tukey’s multiple comparison post hoc tests
were performed. When the group data showed unequal
variances,
nonparametric
Mann-Whitney
or
Wilcoxon/Kruskal-Wallis and Dunn’s, multiple comparison
post hoc tests were used. Correlations were evaluated for
statistical significance with Pearson's test. P < 0.05 was
considered significant. Statistical tests were performed using
SPSS software (version 15).
The study was performed in accordance with the
principles of the Declaration of Helsinki. Approval was
obtained from the hospital’s Institutional Review Board and
Ethics Committee and written informed consent was
obtained from all patients and controls.

Variable
Age
Sex (male/female)
Alanine
aminotransferase
(ALT)
Aspartate
aminotransferase
(AST)
White blood cell
count
Lymphocytes
Platelet count
CD4 number cells
CD8 number cells
CD4/CD8
Serum 25(OH)D,
nmol/l
Serum LL37 level,
ng/ml
Stage of fibrosis
Grade of
inflammation

HCV patients
controls
mean±SD/median value (number cases)
50.58±14.87
35.61±13.90
8/17
9/12
70
25

0.0012
0.4473
0.0000

59

23

0.0000

6.328 x 103 ±
2.1248 x 103
2.2560 x 103 ±
0.8073 x 103
198.64 ± 90.6476

7.5143 x 103 ±
1.7746 x 103
2.2857 x 103 ±
0.7023 x 103
239.75 ±
73.1501
899.615 ±
260.1405
590.416 ±
198.8295
1.7658 ± 0.8659
29.2701 ±
9.4078
9.9930

0.0483

836.136 ±
310.5243
429.363 ±
183.9603
2.1005 ± 0.6911
29.5714 ± 7.5514
12.2405

p value

0.8957
0.1075
0.5402
0.0239
0.2263
0.9046
0.0023

F1(1) F2(8) F3(11)
F4(5)
A0(3) A1(10)
A2(1) A3(11)

were diagnosed with chronic hepatitis and 16 with cirrhosis.
Table 1 presents demographic and biologically significant
data of the selected HCV infected patients.
Serum LL37 and 25(OH)D in HCV infections and healthy
controls.
Serum LL37 levels were significantly higher in HCV
patients versus healthy controls (12.2405 ng/ml versus
9.9930 hg/ml, p=0023 ). Serum levels of 25(OH)D were not
different between the two groups of subjects (HCV patients
29.5714 nmol/l versus controls 29.2701nmol/l) (Fig. 1)
Fig. 1. Serum LL37 and 25(OH)D in HCV infections and
healthy controls

III. RESULTS
The study included 25 patients infected with HCV
genotype 1 (RNA HCV between 22808 and 2770 x 106
ui/ml) and 21 healthy controls. Patients were classified as
having an active HCV infection form (12 patients) or an
inactive HCV infection respectively (13 patients). 9 patients
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