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Abstract: Aim: To investigate whether increased levels of vimentin citrullinated peptides identified by MS in articular
cartilage can be measured in pathologies other than rheumatoid arthritis and be utilised for diagnostic purposes.
Methods: A monoclonal antibody against the sequence RLRSSVPGV-citrulline (VICM) was developed and evaluated in
a carbon tetrachloride (CCls) (n=52 + 28 controls) rat model of liver fibrosis and two clinical cohorts of adult patients
with hepatitis C (HCV) (n=92) and non-alcoholic fatty liver disease (NAFLD) (n=62), and compared to healthy controls.
Results: In CCls-treated rats, mean systemic VICM levels increased 31% at week 12 (176 ng/mL, P<0.001), 41.7% at
weeks 16 (190 ng/mL, P<0.001), 49.2% at weeks 20 (200 ng/ml, P<0.001), compared to controls (134 ng/mL).
VICM levels correlated with total hepatic collagen determined by Sirius red staining of rat livers (r=0.75, P<0.05). In
the HCV cohort, when stratified according to the METAVIR F score, VICM levels were 63% higher in FO (632 ng/mL
+75, p<0.05), 54% in F1 (597 ng/mL +41.3, p<0.05) and 62% in F2 (628 ng/mL 59, p<0.05) all compared to con-
trols. In the NAFLD cohort, VICM levels were 20.6% higher in FO (339 12 ng/mL, P<0.05), 23.8% in F1 (348 £12
ng/mL, P<0.05) and 28.8% in F2 (362 +25 P<0.05). Conclusion: We demonstrated increased serological levels of
citrullinated and MMP degraded vimentin in an animal model of liver fibrosis and in early fibrosis associated with HCV
and NAFLD patients. These data suggest that citrullinated and MMP degraded proteins are also present in liver fibro-
sis.
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Introduction

The extracellular matrix (ECM) consists of colla-
gens, proteoglycans and glycoproteins, all of
which play important, unique and interrelated
functions in maintaining the physicochemical
structure of connective tissue. The ECM is nor-
mally remodelled in a balanced way, by degra-
dation of proteins by proteases, such as matrix
metalloproteinases (MMPs), and by formation of
healthy new tissue. However, in specific dis-
eases such as liver fibrosis, the remodelling
balance is disturbed in a process which involves
excessive degradation of ECM, leading to exces-
sive deposition of fibrillar ECM components,

scar formation and ultimately organ failure [1-
5]. Fibrosis may begin in response to various
acute or chronic stimuli, including infections,
autoimmune reactions, toxins, radiation and
mechanical injury [6]. In the case of liver fibrosis
these stimuli prompt several cell types to work
in synergy, ultimately leading to liver damage
[41.

MMPs are the principal family of enzymes in-
volved in the cleavage and degradation of ma-
trix proteins. Because of their ability to destroy
normal matrices and cause tissue injury, the
extracellular activity of MMPs is carefully regu-
lated. In the healthy liver, homeostasis of ECM
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is sustained by a precisely regulated permanent
turn-over of proteins in which MMPs are active
participants. Alteration of the balance between
TIMPs and MMPs contributes significantly to the
progression of liver fibrosis [7]. More than 26
MMPs and 4 TIMPs have been identified so far
[8] and 11 of the MMPs have been found in the
liver. MMP levels are constantly changed during
different stages of the progression of liver fibro-
sis [9, 10].

ECM remodelling is a common mechanism in a
wide range of diseases, which may be triggered
by post-translational modifications (PTMs) [11,
12]. Furthermore, PTMs and subsequent prote-
ase breakdown of proteins may cause in-
creased antigenicity, protein interactions and
subsequently an immune response due to the
uncovering of cryptic epitopes or even creation
of new ones. PTMs such as phosphorylation
have been proven to have central regulatory
roles in the functioning of vimentin [13]. The
phosphorylation motifs and patterns on
vimentin N and C terminal domains are known
to have central role in the protein’s function.
Additional PTMs have been described as of par-
ticular importance, the most prominent being
auto-antibodies directed against citrullinated
vimentin which have been described as highly
specific for rheumatoid arthritis [14-17]. Selec-
tive citrullination of vimentin has been de-
scribed in mouse peritoneal macrophages un-
dergoing apoptosis, a process which is also
known to contribute to the development of hu-
man atherosclerotic lesions [18, 19].

Citrullination is the enzyme-mediated PTM of
the amino acid arginine into citrulline by pepti-
dylarginine deiminase (PAD) enzymes in the
presence of calcium [20, 21]. The citrulline
modification irreversibly disrupts protein struc-
ture and function [22-25]. Citrullination has
been shown to make proteins prone to prote-
olytic degradation, which may be indicative of its
role in a wider variety of pathology progression
[26]. Citrullination has been associated with a
variety of pathologies such as rheumatoid ar-
thritis (RA), Alzheimer’s disease, psoriasis and
multiple sclerosis (MS), and PAD enzymes have
been proven to play an active role in these pa-
thologies [21, 22, 27-30]. Since auto antibodies
against citrullinated antigens are found in RA
patients as early as 15 years before clinical on-
set, antibodies against citrulline have been
used with considerable success for the early
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prognosis and diagnosis of the disease [31-36].
Citrulline-containing proteins have been associ-
ated with the triggering phase of the disease
and are central to immunopathogenesis in RA,
thus further rising awareness for the active role
of PTMs in the transition from physiology to pa-
thology [37-39].

Vimentin is a type lll intermediate filament (IF)
protein [40]. Even though its exact roles are not
fully elucidated, some of its functions have been
linked to cell migration, adhesion and signalling,
formation of active macrophage-like cells and
polykaryons and, crucially, with inflammation
and apoptosis [41, 42, 17]. Vimentin has been
also shown to be expressed during Hepatic stel-
late cell (HSC) activation in liver fibrosis [43,
44].

A number of pathologies besides autoimmune
disorders feature disturbed ECM remodelling
and inflammation. As inflammation is an inte-
gral part of fibrosis and the synovium could be
considered as fibrotic tissue, we hypothesised
that citrullination could be closely associated
with fibrosis. If this was found to be true, the
successful detection and targeting of citrulli-
nated proteins for the diagnosis and prognosis
of RA could be potentially used also in a range
of other diseases.

The aims of this study were 1) To investigate
whether a citrullinated and MMP cleaved frag-
ment of vimentin that has been identified by MS
in articular cartilage can be accurately meas-
ured and related to liver fibrosis 2) Whether the
assessment of citrullinated and MMP-degraded
vimentin could be used as liver fibrosis bio-
marker for diagnostic purposes.

Materials and methods
Mass spectrometry

Human cartilage tissue was digested by a range
of proteases and the proteolyzed peptide prod-
ucts were identified by mass spectrometry as
previously described [45]. The aim of this ex-
periment was to identify and characterise prote-
olysis peptide products generated by MMP ac-
tivity. The methods included proteolysis of hu-
man articular tissue with exogenous MMPs
(including MMPs 2, 3, 8, 9, 12 and 13), the pro-
teolyzed products of which were identified by LC
-MS/MS. The obtained spectra were searched
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against both Sequest and Xtandem databases.
From the peptides identified to have arginine
residues in the ¢ terminal end, a vimentin se-
quence was chosen to test our hypothesis due
to the vimentins presence and significant role in
hepatic stellate cells HSCs [46, 47].

Antibody development
Reagents

All reagents used for the experiments were stan-
dard high-quality chemicals from companies
such as Merck (Whitehouse Station, NJ, USA)
and Sigma Aldrich (St Louis, MO, USA). The syn-
thetic peptides used for monoclonal antibody
production were purchased from the Chinese
Peptide Company, Beijing, China.

Selection of peptide for immunization

The sequence used for the immunisations was
selected using mass spectroscopy as described
above. Several different peptides were identi-
fied by mass spectroscopy analysis. Among
these ten vimentin fragments identified were
selected for immunizations. The first six amino
acids at the protease site were regarded as a
target sequence. All relevant sequences were
analysed for homology and then blasted for ho-
mology using the NPS@: network protein se-
quence analysis [48].

The vimentin sequence RLRSSVPGVR immuni-
zation generated the best antibody in terms of
native reactivity and stability thus an antibody
against this sequence was selected for assay
development. The sequence located at amino
acid positions 69 and 78, was identified as be-
ing generated by MMP-2 and MMP-8. An addi-
tional sequence was created in which the C-
terminal arginine was substituted with a citrul-
line residue, i.e. RLRSSVPGV-Citrulline.

Immunization procedure

Six 4-6 week old Balb/C mice were immunized
subcutaneously in the abdomen with 200uL
emulsified antigen (50ug per immunization),
using Freund’s incomplete adjuvant. Immuniza-
tions were performed at two-week intervals until
a stable titre level was obtained. At each bleed-
ing, the serum titre was measured and the
mouse with the highest titre and best native
material reactivity towards relevant biological
fluids such as serum and urine was selected for
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fusion. The selected mice were boosted intrave-
nously with 50ug immunogen in 100uL 0.9%
sodium chloride solution three days before sur-
gical removal of the spleen for cell fusion.

Fusion and antibody screening

The fusion procedure has been described else-
where [49]. Briefly, the hybridoma cells were
cloned using a limiting dilution method and
transferred into 96-well microtitre plates for
further growth. Standard limited dilution was
used to promote monoclonal growth. Super-
natants were screened using an indirect ELISA,
while the biotinylated peptide Biotin-
RLRSSVPGV-Citrulline was used as a catcher on
streptavidin-coated microtitre plates.

Characterization of clones

Native reactivity and peptide binding of the
monoclonal antibodies was evaluated for hu-
man and rat serum, plasma and urine, in a pre-
liminary ELISA using 10 ng/mL biotinylated pep-
tide coater on a streptavidin coated microtitre
plate and supernatant from the growing mono-
clonal hybridoma. Clone specificity was tested
against the free peptide RLRSSVPGV-Citrulline,
RLRSSVPGV without citrulline and a non-sense
peptide. Isotyping of monoclonal antibodies was
performed using the clonotyping System-HRP
kit, cat.5300-05 (Southern Biotech, Birming-
ham, AL, USA).

Assay development

The selected clones were purified using Protein
G columns according to the manufacturer’s in-
structions and dialysed (GE Healthcare Life Sci-
ence, Little Chalfont, Buckinghamshire, UK).

The selected monoclonal antibodies were la-
belled with horseradish peroxidase (HRP) using
the Lightning-Link Horseradish Peroxidase
(HRP) antibody labelling kit according to the
manufacturer’s instructions (Innova Bioscience,
Babraham, Cambridge, UK). A 96-well strepta-
vidin plate (Roche Diagnostics, Basel, Switzer-
land) was coated with 2.5ng of the biotinylated
synthetic peptide, Biotin-RLRSSVPGV-Citrulline,
dissolved in assay buffer (50mM Tris, 1% BSA,
0.1% Tween-20, 0.36% Bronidox, adjusted to
pH 7.4 at 20°C) and incubated for 30 minutes
at 20°C. Twenty uL of the peptide calibrator or
sample was added to appropriate wells, fol-
lowed by 100 yL of 4 ng/ml HPR labelled mono-
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clonal antibody and incubated for 1 hour at 20°
C. Finally, 100 uL tetramethyl benzinidine (TMB)
(Kem-En-Tec cat.4380H, Taastrup, Denmark)
was added, and the plate was incubated for 15
minutes at 20°C in the dark. All the above incu-
bation steps included shaking at 300 rpm. After
each incubation step the plate was washed five
times in washing buffer (20mM Tris, 50mM
NaCl, pH 7.2). The TMB reaction was stopped by
adding 100 pL of stopping solution (1% HCI)
and measured at 450 nm with 650 nm as the
reference. A calibration curve was plotted using
a 4-parametric mathematical fit model with a
starting concentration of 2000ng for the stan-
dard peptide following a 2-fold dilution.

Rat CCl4 liver fibrosis model

Liver fibrosis was induced in 52 male Wistar
rats (Charles-River, Saint Aubin les Elseuf,
France) as previously described [71, 72].
Briefly, CCls was inhaled twice a week and phe-
nobarbital (0.3 g/l) was added to the drinking
water. Another 28 male Wistar rats received
phenobarbital only and served as controls. Ani-
mals receiving CCls were stratified into groups
treated for 8, 12, 16 or 20 weeks (n=13 for
each group). Seven control animals were termi-
nated at the end of each of the four treatment
durations. Blood was collected at termination
and was allowed to stand at room temperature
for 20 minutes to clot, before centrifugation at
2500 rpm for 10 min. Samples were stored at -
80°C. Liver sections 4 um thick were stained
with 0.1% Sirius red (F3B) in saturated picric
acid (Sigma-Aldrich, St Louis, MO, USA). From
each animal, the amount of fibrosis expressed
as a percentage of total collagen in the total
liver area was measured by digital quantitative
histology (VisioMorph, Visiopharm, Hgrsholm,
Denmark) using 3 adjacent histology slides from
each animal.

This animal study was performed according to
the criteria of the Investigation and Ethics Com-
mittee of the Hospital Clinic Universitari
(Barcelona, Spain) (reference number (B-NNP-
233-09).

Liver fibrosis clinical samples
Hepatitis C patients
Ninety-two patients with hepatitis C virus (HCV),

not previously submitted to antiviral treatment,
non-obese (defined as a body mass index (BMI)
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below 30), non-diabetic, age between 18 and
60 years, from Hospital de Clinicas, Universi-
dade Federal do Rio Grande do Sul, Brazil, were
included and compared with healthy controls
(blood donors in the same hospital), none of
which were diagnosed with liver fibrotic-related
pathology. Patients were positive for HCV anti-
body (detected by ELISA-3) and detectable HCV
RNA. Identification of type 2 diabetes, hyperten-
sion and dyslipidaemia in patients was per-
formed according to recommendations of the
American Diabetes Association.

Patients with hepatitis B infection, hemochro-
matosis, recipients of a solid organ transplant,
clinical evidence of cirrhosis as determined by
the presence of portal hypertension defined by
oesophageal or gastric varices at endoscopy,
ascites, splenomegaly, or evidence of synthetic
dysfunction as evaluated by laboratory meas-
urements were excluded. Patients with prior
diagnosis of cardiovascular diseases, systemic
blood hypertension, chronic renal failure, can-
cer, alcohol abuse, pregnancy or chronic use of
lipid-lowering drugs or immunosuppressants
were excluded. Age, BMI, fasting glucose and
lipid levels were determined among other indi-
cators.

All patients had a liver biopsy. The liver tissue
was fixed in 4% formaldehyde and stained with
haematoxylin-eosin and Masson trichrome for
histological analysis. Histological analyses were
performed blinded by a pathologist, unaware of
the HCV genotype as well as the patient’s clini-
cal characteristics. Stages of fibrosis and
grades of inflammation were scored according
to METAVIR fibrosis score, which consists of FO
(no fibrosis), F1 (portal fibrosis without septa),
F2 (portal fibrosis with few septa), F3
(numerous septa without cirrhosis), F4
(cirrhosis).

Non-alcoholic fatty liver disease (NAFLD)
patients

Fifty two patients diagnosed by biopsy with Non-
Alcoholic Fatty Liver Disease (NAFLD) and re-
ferred to the Clinic Hospital of the University of
Sao Paulo, School of Medicine, Sao Paulo, Bra-
zil, were stratified by their stage of fibrosis (FO-
F4) on liver biopsy. Twelve subjects not diag-
nosed with any liver fibrotic-related pathology
served as controls. These male or female pa-
tients aged 18-75 years had been previously
screened for NAFLD. Identification of metabolic
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Table 1. Abundance of amino acids found at the C terminal end of identified peptides

Amino acid Abundance %
Lysine 47

Arginine 37

Glycine 4

Alanine 3

Rest amino acids 9

syndrome components followed the recommen-
dations of the Adult Treatment Panel Ill Report:
fasting glucose 2110 mg/dL, triglycerides 2150
mg/dL, high density lipoprotein (HDL) <40 mg/
dL in men or <50 mg/dL in women; and =130
mmHg systolic or 285 mmHg diastolic blood
pressure; abdominal obesity, defined as a waist
circumference > 102 cm in men and > 88 cm in
women. Criteria for exclusion were any other
acute or chronic liver or biliary disease, sub-
stance abuse, especially alcohol intake of >100
g/week, and previous use of steatogenic medi-
cations. All the liver specimens were scored by a
single liver pathologist with expertise in NAFLD,
according to macro- and microvacuolar fatty
change, zonal distribution, foci of necrosis, por-
tal and perivenular fibrosis, and inflammatory
and fibrotic infiltrate with zonal distribution. The
slides were blindly classified according to activ-
ity score devised by the Pathology Committee of
the Clinical Research Network. Fatty infiltration,
which did not fulfil NAFLD criteria, was classified
as steatosis only. Clinical and biochemical in-
vestigation included liver function tests which
were conducted at the time of liver biopsy. Ret-
rospective information on co-morbidities was
collected as well.

In the both the HCV and NAFLD cohort, blood
samples were obtained after 12h overnight fast-
ing. Serum and plasma was stored at -80°C
until use. All patients gave written informed con-
sent. The study was approved by the institu-
tional Internal Review Board of Sao Paulo and
Porto Allegre Universities from which the sam-

ples were obtained (Reference number
0064/10).
Statistical analyses

Comparison of groups was performed using an
ANOVA test with Dunnett correction. Correla-
tions were performed using the Spearman cor-
relation. Differences were considered statisti-
cally significant if p<0.05. The diagnostic value

407

of the assay was calculated by ROC curve plots.
GRAPH PAD PRISM 5 (Graph Pad Software, La
Jolla, CA, USA) was used for the calculations.

Results
Mass spectroscopy analysis

Mass spectroscopy analysis of human articular
cartilage revealed 1883 unique peptide se-
quences [45]. Increasing number of peptides
with an arginine at the C-terminal end was
noted. By counting the amino acids found at the
C-terminal end, a map of all identified peptides
was created. Such data revealed that 47% of
the identified sequences contained a lysine
amino acid residue, known to be associated
with ubiquitination, and 37% of the remaining
sequences were found to have an arginine
(Table 1). No specific pattern was predominant
at the N-terminal end of the identified se-
quences. As discussed above, from the various
sequences that have been identified, vimentin
was chosen to test our hypothesis.

Clone characterization & technical evaluation

The clone selected for ELISA development was
the 1gG1 subtype. The lower limit of detection
(LLD) for the assay was found to be 21,376 ng/
mL. Dilution recovery was found to be within
100+15%. The inter- and intra-assay variation
was found to be 10.9% and 4.05% respectively.
Specificity of the antibody was tested using an
elongated peptide as well as a non-citrullinated
arginine-rich sequence in the same set up. No
signal inhibition was observed, implying that the
antibody was only reacting to the specific se-
quence of interest (Figure 1).

Rat CCl4 liver fibrosis model
CCls-treated rats were stratified into 4 quartiles

according to the total collagen increase as
measured by Visiopharm quantitative histology
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-~ RLRSSVPGV-Citrulline

204 -#- RLRSSVPGV-Citrulline-L (elongated peptide)
-+ RLRSSVPGVR (native arginine peptide)
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Figure 1. Representative standard curve for the target sequence peptide, native arginine peptide and elongated pep-
tide. Signal inhibition is only seen towards the selected peptide sequence, and no reactivity (signal inhibition) towards
either the elongated peptide or native arginine peptide implying specificity for the citrulline-rich peptide. The signal
was assessed as the optical density at 450 nm, subtracting the background at 650 nm, as a function of peptide con-
centration. Measurement is the mean of a double determination measurement.
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Figure 2. Citrullinated vimentin levels in serum from CCls-treated rats, stratified in quartiles according to total colla-
gen in the liver as measured by quantitative histology (Q1 P>0.5, Q2 P<0.5, Q3 P<0.05, Q4 P<0.0001) (A), treatment
duration (8 weeks P>0.05, 12 weeks P>0.001, 16 weeks P>0.005 and 20 weeks P>0.005) (B) and correlation of the
citrullinated vimentin marker with total collagen increase as measured by quantitative histology (C). Comparisons are
between controls of each group vs. treatment period and collagen quartile. Serius red histology images from differ-
ent treatment points, showing progressive fibrosis development during CCls treatment (D).

software. The mean citrullinated vimentin level vs. controls was significant in the second 159.6
for control rats was 134 ng/ml. Compared with ng/ml (p<0.02), third 173.8 ng/ml (p<0.002)
controls, the increase in marker levels in the and fourth quartile 234.7 ng/ml (<0.001)
first quartile of CCls-treated rats was not statisti- (Figure 2A). The groups were then stratified ac-
cally significant (P>0.05). However, the increase cording to the CCls treatment durations and a
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Table 2. Characteristics of patients with Hepatitis C virus stratified according to their METAVIR fibrosis
score (F). Numbers represent mean values. F3 and F4 groups were not included in the statistical calcu-
lations due to insufficient numbers for meaningful statistical analysis.

FO F1 F2
n=11 n=44 n=27

Age 46.4 +7.2 449 +7.9 45.8 £7.9
BMI 249 +3.9 25.5 +3.5 24.7 £3.3
AST (IU/L) 57.8 +24.2 58.6 +20.1 73.6 £37.6
ALT (IU/L) 57.8+31.5 58.6 +28 73.6 £74.9
Glucose (mg/dL) 94.4 +9.9 95.9 +12.5 97.8+10.4
Insulin (mcU/mL) 9.24 +4.7 11.05 +£7.3 12 #5.9
statistically significant (P<0.05) *
citrullinated vimentin compared with controls 2000~ .
was observed in animals treated for 12 weeks =
176.7 ng/ml (p<0.001), 16 weeks 190 ng/ml S, 1500- * * v
(p<0.001) and 20 weeks 200 ng/ml (p<0.002) E - ALa :
(Figure 2B). Detected levels of citrullinated g 1000- - Laaus v
vimentin were correlated with the total collagen £ At v Ty
increase as measured by quantitative histology z 500 ®, e W_W_ '# %’
(r=0.75) (Figure 2C). We have estimated a cut & it
off range in rat serum of 151 ng/ml in which 0 . . . .
sensitivity was found to be 74% and specificity < ° N 1
65.9%. c,oo
VICM is elevated in hepatitis C patients versus
controls [ Group Control  FO F1 F2

] ) n 10 11 44 27
Due to the low number of patients in groups F3 Mean 3867 6328 5975 6287
these two groups were not included in the analy- Std. Error | 25.03 75‘7'4 4135 59 2’7
sis. Demographic and biochemical measure- o increase | - 63 54 62
ment data for the HCV cohort are seen in Table P value B p<0.05 p<0.05 p<0.05

2. The mean values of the citrullinated vimentin
marker in the groups were: controls (386 ng/ml
+79), FO (632 +75.74, p<0.05), F1 (597
+41.35, p<0.05), F2 (628 +59.27, p=0.2)
(Figure 3).

Demographic and biochemical measurements
table for the NAFLD cohort are seen in Table 3.
The mean level of the marker in the control
group was found to be 281 ng/ml +55. When
compared with the control group, a statistically
significant difference (p<0.05) in the biomarker
levels was observed in all groups stratified ac-
cording to Metavir fibrosis score, as follows: FO
group 339 £53 (p<0.05), F1 348 +59 (p<0.05)
and F2 362 +80 (p<0.05) (Figure 4).

ROC values

The assay was found to have high ROC values
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Figure 3. Serum levels of citrullinated vimentin
measured in control and hepatitis C patient groups.
Control group is comprised of 10 randomly selected
individuals with BMI<25 not diagnosed with any liver
fibrosis-related pathology.

for both patient groups. The ROC value for the
NAFLD group was found to be higher
(ROC=0.77) than the HCV (0.72). The ROC value
was highly significant for the HCV groups FO-F2,
and NAFLD cohorts (Table 4).

Discussion
Citrullinated peptides have been successfully

and widely utilised for diagnostic purposes in
rheumatic diseases during the last years. In-
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flammation is a common denominator in both
auto-immune disorders and fibrotic processes.
Since a variety of ECM-derived peptides been
shown to have chemotactic action against in-
flammatory cells and induce immune responses
[50], we hypothesized that citrullinated peptides
may also be present in liver fibrosis.

* * *
500+
— A a Yy
£ 4004 """ a2
= A A
D
2 |  ees Emmm £
< 3004 e T WA
= 2 Cam" ALl .y
2 200 ®e°
>
F5) 1004
c 1 I T L)
& <& <& <&
&
| Group Control FO F1 F2
n 10 19 23 10
Mean (ng/ml) | 281 33 348 362
Std. Error 16.5 12.2 12.3 255
% increase 20.6 238 288
P value p<0.05 p<0.05 p<0.05

Figure 4. Plasma levels of citrullinated vimentin
measured in control and NAFLD patient groups. Con-
trol group is comprised of 10 randomly selected indi-
viduals with BMI<25, not diagnosed with any liver
fibrosis related pathology.

Well-described auto-immune protein targets
such as vimentin are also contained in hepatic
stellate cells which are key participants in liver
fibrosis events [46]. The consideration that
citrullination may be an active player in the pro-
tein degradation process in a variety of patholo-
gies other than rheumatoid arthritis, which in-
volve high levels of high ECM remodelling
formed the basis of our hypothesis.

The first aim of our study was to investigate
whether a citrullinated and MMP cleaved frag-
ment of vimentin that has been identified by MS
in articular cartilage could be accurately meas-
ured in liver fibrosis. A cleavage-site specific
ELISA assay was developed and successfully
evaluated in a rat model of CClsinduced fibro-
sis. The marker was found to be highly statisti-
cally elevated in treatment groups when strati-
fied according to both treatment duration and
total collagen in the liver (Figure 2A and 2B).
Additionally the marker was also found to be
correlated with the total collagen increase as
measured by quantitative histology (Figure 2C).
The above results indicate that the marker can
be measured and is elevated during liver fibro-
sis progression. The correlation between the
marker and disease progression as measured
by total collagen increase is an indicator of the
markers relationship with the pathologic staging
of the disease.

The second aim of the study was to assess
whether the citrullinated and MMP-degraded
vimentin marker could be used as liver fibrosis
biomarker for diagnostic purposes. For this rea-
son the marker was measured in two clinical

Table 3. Demographic table for the control and NAFLD cohort stratified according to fibrosis (F) score.
Numbers represent mean values. F3 and F4 groups were not included in the statistical analysis due to
inadequate available numbers.

FO F1 F2

n=19 n=23 n=10
Age 55.4 +12 53.2 +8.3 58 6.5
BMI 30.4 +5.4 31 +3.45 31.8+7.2
AST (IU/L) 36.1 +28 33.9+14 60.9 £42
ALT (1U/L) 50.5 +44 53.2 +36 75.2 +49
Glucose (mg/dL) 119 +59 116140 124 +29
Insulin (mcU/mL) 16.2 £10.9 17.3 7.5 18.3 £13.7
HDL (mg/dL) 50 +11 51 +12 47.9 £16
LDL (mg/dL) 124.5 +45 112.5 +38 108.1 +34
410 Am J Transl Res 2012;4(4):403-414
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Table 4. ROC values of citrullinated vimentin in the Hepatitis C and NAFLD clinical cohorts

Comparison Area Std. Error P Value

Hepatitis C

ROC Value Control Vs. combined groups FO-F2 0.72 0.07 <0.05
Control Vs. FO 0.80 0.09 <0.05
Control Vs. F1 0.74 0.07 <0.05
Control Vs. F2 0.76 0.07 <0.05

NAFLD

ROC Value Control Vs. combined groups FO-F2 0.77 0.07 <0.01
Control Vs. FO 0.74 0.09 <0.05
Control Vs. F1 0.79 0.07 <0.01
Control Vs. F2 0.77 0.10 <0.05

cohorts of adult patients with HCV and NASH. A
statistically significant increase of the marker
was observed in both clinical cohorts in early
disease onset indicating that the marker is also
present not only in preclinical settings but also
in two different clinical fibrosis cohorts (Figure 3
and 4). The markers ROC value of 0.71 and
0.77 for HCV and NAFLD respectively indicate a
potential diagnostic value for the marker.

The marker showed a different pattern of up
regulation between the pre-clinical and clinical
cohort. While in the pre-clinical study the
marker has shown to be slowly increasing with
time and CCls administration, both clinical co-
horts have revealed a statistically significant
increase of the marker early on disease onset.
The above indicates that the VICM marker is
correlated to severity in the animal model but
not in the clinical samples. The pre-clinical
model used is an acute model of liver fibrosis
induction, while fibrosis development in hu-
mans is a chronic process which cannot be
mimicked by our pre-clinical study.

In both clinical cohorts, VICM was significantly
increased in the early fibrosis groups (FO-F2),
compared with healthy controls. Even though
the results of this cross-sectional study are not
adequate to determine the marker’s prognostic
role, the high values obtained from ROC analy-
sis for the FO-F2 groups indicate a potential
increased value of the marker in early stages of
HCV and NAFLD patients. However, a longitudi-
nal study is required to further investigate this
finding.

Our results from the two clinical cohorts indicate
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that increased levels of the citrullinated
vimentin fragment are elevated in patients with
HCV or NAFLD compared to healthy patients.
We did not observe any relevance to severity in
these patients. The observation that levels of
the marker are also found in healthy controls
suggests that citrullinated vimentin peptides
may play a part in normal physiological proc-
esses.

The mass spectrometry results obtained (Table
1), showed the prevalence of lysine (47%) at the
C terminal end of recognised peptides, while the
second most abundant aminoacid was found to
be arginine (37%). Lysine is an aminoacid resi-
due associated with ubiquitination which is
known to act as an intracellular signal for pro-
tein destruction. The high prevalence of arginine
residues on the obtained mass spectrometry
raises the question regarding citrullination as a
signal for an extracellular signal for protein de-
struction which needs to be further investigated.

Our findings, together with a recent study show-
ing that a commercially available anti-modified
citrullinated vimentin antibody used in rheuma-
toid arthritis had also detected increased levels
of citrullinated vimentin in HCV patients [54],
suggest the following key conclusions: 1) The
citrullinated and MMP cleaved fragment of
vimentin RLRSSVPGV-citrulline that has been
identified by MS in articular cartilage can be
accurately measured in liver fibrosis in both rat
CCls live fibrosis preclinical model and in the
NAFLD and HCV clinical cohorts. 2) The marker
is correlated with pathology progression in the
rat CCls liver fibrosis model. 3) Citrullination
may be implicated in a variety of pathologies
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other than RA. In conclusion, MMP degrade and
citrullinated vimentin assessed by the VICM
assay may be related to the pathology of liver
fibrosis and its role should be further investi-
gated. We believe that it is a biomarker that
may be providing additional diagnostic informa-
tion. Utilisation of biomarkers reflecting
changes in the intensity of these processes,
may assist in patient monitoring in early disease
stages and could even assist in the discovery
and development of novel treatments for vari-
ous fibrotic diseases in which excessive citrulli-
nation occurs. Additionally, since both vimentin
and citrulline have been previously linked to
inflammatory events in other diseases, the ele-
vated marker levels may reflect early inflamma-
tory processes and should be investigated fur-
ther in future.

Study limitations

The main limitations of the present study are
found in the low numbers of patients especially
with a fibrosis score of F3 or F4 to fully describe
the relevance of the marker across the full spec-
trum of fibrosis development. Another limitation
of the study is the relatively small size of both
clinical cohorts and thus they may not accu-
rately represent the actual marker levels during
disease progression. Thus additional measure-
ments in larger cohorts are needed in order to
fully describe the marker levels and further vali-
date its presence during fibrosis progression. A
further limitation is that even though MS data
shows that the described fragment is derived
from MMP-2 and -8 activity, other proteases or
a combination of proteases could potentially
generate this fragment in vivo. The study lacks
immunohistochemistry and western blot data
due to the lack of tissue from the enrolled pa-
tients. Even though the marker can be accu-
rately measured in serum/plasma, it may be
also present in other body fluids such as urine
and saliva. These have not been assessed in
this study due to lack of relevant material, and
thus prevented an assessment of the influence
of renal function on marker levels. Lastly the
marker should be evaluated in a well character-
ised rheumatoid arthritis cohort in order to vali-
date its utilisation in rheumatic diseases.
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