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Screening of a HUAEC cDNA library identifies actin as a candidate autoantigen
associated with carotid atherosclerosis
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SUMMARY

The humoral immune response to endothelium has a pivotal role in the development of atherosclerosis.
Using a molecular method, we sought to identify endothelial autoantigens in carotid atherosclerosis.
Immunoscreening of a HUAEC expression library with IgG from a pool of two sera from patients with
carotid atherosclerosis identified a clone specific to actin. We evaluated actin-specific IgG reactivity in
patients with carotid atherosclerosis and compared responses with those in patients with systemic lupus
erythematosus and type 1 diabetes mellitus and in healthy subjects. Enzyme-linked immunoassay
detected actin-specific IgG in a significantly higher percentage of sera from patients with atherosclerosis
and systemic lupus erythematosus than from healthy subjects (16/61, 26% and 13/33,39% versus 2/41,
5%, P=0-012 and P < 107, by 4 test). Mean optical density values were significantly higher in patients
than in healthy subjects (P < 10™ by Student’s #-test). Patients with atherosclerosis and uncomplicated
plaques had significantly higher serum anti-actin IgG reactivity than those with complicated plaques
(P =0-048 by Student’s t-test). Our findings suggest that actin is an autoantigenic molecule of potential

clinical interest in carotid atherosclerosis.
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INTRODUCTION

Atherosclerosis is a complex and indolent histopathological pro-
cess. Its development depends not on a single risk factor but on an
interplay between diverse factors [1,2]. An initial event leading to
atherosclerosis is endothelial damage and activation [3]. These
events cause localized chronic inflammation in the vascular wall,
chiefly mediated by T cells and monocytes or macrophages [4,5].
This localized immune-mediated inflammation induces a systemic
immune humoral and cellular response [6,7]. Besides antibodies
against oxidized low density lipoproteins, 2 glycoprotein I and
heat-shock protein 60, anti-endothelial cell antibodies (AECA)
have been reported in sera from patients with atherosclerosis [8—
11]. Ample evidence shows an association between the vascular
complications of several autoimmune diseases including systemic
lupus erythematosus (SLE), rheumatoid arthritis, antiphospho-
lipid antibody syndrome and scleroderma and elevated levels of
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AECA [12-14]. By activating endothelial cells, AECA up-
regulate expression of adhesion molecules as well as cytokine and
chemokine secretion. Until recently, few published data were
available on the identity of endothelial cell autoantigens in
immune disorders [15-20]. Identifying endothelial autoantigens
involved in the autoimmune processes during atherosclerosis
could help to explain how chronic inflammation of the vascular
wall initiates and progresses.

Our primary aim in this study was to seek and characterize
molecules that behave as endothelial autoantigens in carotid ath-
erosclerosis. Screening of a cDNA library from human umbilical
artery endothelial cells (HUAEC) with sera from patients with
carotid atherosclerosis identified one positive strongly reactive
clone encoding the protein actin. To evaluate anti-actin serum
immunoreactivity we used enzyme-linked immunosorbent assay
(ELISA) to measure specific IgG responses in patients with
carotid atherosclerosis and compared them with responses in
patients with SLE and type-1 diabetes mellitus and in healthy sub-
jects. We also sought a possible relationship between the presence
of anti-actin antibodies and the clinical characteristics of patients
with carotid atherosclerosis and with SLE.
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PATIENTS AND METHODS

Study population

We studied 61 consecutive patients with carotid atherosclerosis
(mean age 71-3 + 8-1 years; 33 Male, 28 Female), 33 patients with
SLE (mean age 35-8 £ 7-3 years; 5 M, 28 F), 26 patients with type
1 diabetes mellitus (mean age 32 + 13-3 years; 11 M, 15 F), and 41
healthy subjects (mean age 69-5 + 8-7 years; 22 M, 19 F). Of the 61
patients with carotid atherosclerosis enrolled, 46 were undergoing
endarterectomy at the Department of Surgical Sciences of the
University of Rome, ‘La Sapienza’. Surgery was indicated for
asymptomatic severe or preocclusive carotid-artery stenosis of
more than 70% and evidence of haemodynamic instability on
ultrasonography, especially in patients with ipsilateral signs of
cerebral ischaemia on computed tomographic (CT) scan and
symptomatic stenosis of 70% or even less, with or without ipsilat-
eral signs of focal cerebral ischaemia on CT scan in patients with
neurological symptoms. The 46 patients were grouped according
to the macroscopic appearances of the plaques freshly removed
from carotid arteries at endarterectomy. Lesions with an ulcer-
ated fibrous cap (with or without thrombosis) or intraplaque
haemorrhage (with or without swelling) were classified as com-
plicated plaques. Lesions without these features were classified as
uncomplicated. Of 46 patients enrolled, 23 patients had compli-
cated and 23 had uncomplicated plaques. The consecutive
patients with SLE, and type 1 diabetes mellitus were outpatients
attending the Division of Rheumatology, University of Rome ‘La
Sapienza’. All patients with SLE fulfilled the revised criteria of
the American College of Rheumatology for the classification of
the disease [21]. None of the patients with type I diabetes mellitus
selected had signs or symptoms of vascular complications.
According to the clinical records, the following risk factors for
cardiovascular disease were identified in 61 patients with carotid
atherosclerosis and in 33 patients with SLE: diabetes, smoking,
hypertension, cardiovascular disease in relatives, body-mass

index and hypercholesterolaemia (Table 1). The healthy volun-
teers enrolled in this study were attending the outpatient clinic at
the Division of Rheumatology, University of Rome ‘La Sapienza’
and had none of the aforementioned risk factors for cardiovascu-
lar diseases. The study protocol was approved by the local Ethics
Committee and informed consent was obtained from all partici-
pants before the procedures. On enrolment, peripheral blood was
drawn from all participants and serum samples were stored at
—20°C until assayed.

Immunoscreening of the cDNA expression library

A commercially available HUAEC cDNA library (Stratagene,
Cambridge, UK) was used to screen for clones showing immu-
noreactivity with a pool of sera from two patients with carotid
atherosclerosis, which in preliminary experiments resulted AECA
positive in a cell-surface ELISA. The expression library was
screened essentially as we previously described [22]. Pooled sera
were diluted 1 :350 in phosphate-buffered saline (PBS) contain-
ing 1% milk, 0-1% Tween-20 and supplemented with 0-02%
sodium azide. To reduce nonspecific binding to Escherichia coli
(XL1 blue MRF’) and phage vector, diluted pool was pread-
sorbed three times on nonrecombinant phage plaques. For pri-
mary immunoscreening the library was plated out at 12500 pfu/
140 mm plate using XL1 blue MRF’ host cells according to the
supplier’s instructions. In brief, nitrocellulose filters were incu-
bated with 10 mM isopropyl-D-thiogalacto-pyranoside (IPTG)
for 20 min and air-dried. Filters were then overlaid onto the plates
and incubated for 4 h at 37°C. After incubation, their orientation
was marked and they were carefully removed, and blocked for 1 h
in 5% milk/PBS. A preadsorbed pool of sera was then added to
the filters and incubated overnight at RT with gentle agitation.
Membranes were then washed four times with 0-05% PBS Tween-
20 over 15 min. Bound antibody was detected using 1 : 3000 dilu-
tion of mouse anti-human IgG (Bio-Rad, Richmond, CA, USA)

Table 1. Characteristic of the 61 patients with carotid atherosclerosis and of the 33 patients with SLE divided according to the presence of serum
anti-actin IgG immunoreactivity

Patients with atherosclerosis

Patients with systemic lupus
erythematosus

Anti-actin IgG

No anti-actin IgG

Anti-actin IgG No anti-actin IgG

immunoreactivity immunoreactivity immunoreactivity immunoreactivity
Characteristics (n=16) (n=45) P-value (n=13) (n=20) P-value
Age (years, means + SD) 737+6:1 689+ 85 NS 34490 40-2+12-6 NS
Sex (males/females) 10/6 23/22 NS 2111 4/16 NS
Hypergammaglobulinaemia 0 0 - 3(23%) 4(20%) NS
Diabetes 2 (10%) 22 (48%) 0-01 0 0 -
Smoking 8 (50%) 32 (69%) NS 3(23%) 5(25%) NS
Hypertension 11 (70%) 28 (62%) NS 2 (15%) 8 (40%) NS
Cardiovascular diseases in relatives 8 (50%) 17 (37%) NS 3(23%) 6 (33%) NS
Hypercholesterolaemia 3 (20%) 9 (19%) NS 2 (15%) 8 (40%) NS
Anti-endothelial cell antibodies 4 (25%) 10 (22%) NS 6 (46%) 8 (40%) NS
Body mass index 27-4£3-8 26:0 £ 4-6 NS 257+32 262£2-7 NS

P-values by Student’s t-test and Fisher’s exact test. NS indicates not significant.Diabetes is type 2 diabetes, defined as fasting glucose levels = 140 mg/
dL or need for antidiabetic medications; all the diabetic patients were treated with oral hypoglycaemic agents. Smoking is defined as current smokers.
Hypertension is defined as systolic blood pressure 2140 mmHg, diastolic blood pressure 290 mmHg, or need for hypertensive medication. Hypercholes-
terolaemia is defined as total cholesterol >200 mg/dl or need for lipid-lowering therapy.
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in PBS containing 0-05% Tween-20, 1% milk for 3 h at RT. After
a final four washes in 0-05% PBS Tween-20 membranes were
incubated for 20 min with diaminobenzidine substrate (Sigma
Aldrich, St. Louis, MO, USA). Plaques corresponding to immu-
noreactive regions were cored from the original plate and resus-
pended in suspension medium (SM) containing 10 ul chloroform.
Positive plaques were re-screened with the same pool of sera to
obtain the clonality.

Cloned phage showing immunoreactivity was recovered as
pBluescript by single-stranded rescue using the helper phage
(Stratagene) according to the supplier’s instructions and used to
transform SolR XLl1cells. Positive recombinants were then har-
vested and grown overnight in 5 ml LB and plasmid DNA isolated
using the Qiagen Plasmid Mini Kit (Qiagen, GmbH, Hilden, Ger-
many). The nucleotide sequence of the cloned cDNA insertion
was sequenced with automated sequencer ABI Prism 310 Collec-
tion (Applied Biosystems, Foster City, CA, USA) and sequences
were then compared with the GenBank sequence database using
both Fasta and Blast analysis [23,24].

Indirect immunofluorescence assay
Human umbilical vein endothelial cells (HUVEC) were isolated
by collagenase perfusion from normal-term umbilical cord veins,
as previously described [25], and cultured in M-199 medium
(Sigma) supplemented with 20% fetal calf serum (FCS), 2 mM L-
glutamine (Bio Whittaker, Verviers, Belgium), 100 U/ml penicil-
lin, 100 mg/ml streptomycin at 37°C in a humidified atmosphere
of 5% CO,. HUVEC, grown to 60-70% confluency, seminated at
5 x 10° per well on glass coverslips, were fixed with acetone/meth-
anol 1/1 (v/v) for 10 min at 4°C and then soaked in balanced salt
solution (BSS) (Sigma) for 30 min at 25°C. Cells were then incu-
bated for 30 min at 25°C in the blocking buffer (2% bovine serum
albumin (BSA) in PBS, containing 5% glycerol and 0-2% Tween-
20). Cells were then labelled with rabbit anti-actin polyclonal
antibodies (Sigma) or with sera from healthy donors or patients
with atherosclerosis and were incubated for 1 h at 4°C. After
washing three times with PBS, cells were incubated with fluores-
cein isothiocyanate (FITC)-conjugated goat polyclonal anti-
rabbit IgG or with FITC-conjugated anti-human IgG in PBS 1%
BSA, for 30 min at 4°C.

The fluorescence distribution was analysed with a fluores-
cence microscope Olympus U RFL T equipped with RT Spot
power supply (Diagnostic Instruments Inc., MI, USA).

ELISA

ELISA for specific total IgG was developed essentially as
described by Challacombe et al. [26]. In brief, polystyrene plates
(Dynex, Germany) were coated with actin (Sigma) 0-5 ug/well in
0-05 um NaHCO; buffer pH 9-5. Coated plates were incubated
overnight at 4°C and then washed 3 times with PBS containing
0-05% Tween-20 in an automated washer (Wellwash 4, Lab-
system, Finland). Plates were blocked with PBS Tween contain-
ing 3% gelatin (Bio-Rad), 100 ul/well for 1 h at room
temperature and washed as previously described. Human sera
were diluted in PBS Tween-20 and 1% gelatin (1 :100 for total
IgG and 1 : 10 for IgG subclass detection) and pipetted on plates
at 100 ul per well. Plates were incubated for 1 h at 20°C and
washed as described. Mouse monoclonal anti-human IgGl1,
IgG2, 1gG3 and IgG4 antibodies (BD Biosciences, Heidelberg,
Germany) were diluted 1:1000 in PBS Tween and peroxidase-
conjugated goat anti-human IgG (Bio-Rad) were diluted 1 : 3000

in the same buffer. These dilutions were used as second antibod-
ies, and incubated (100 ul/well) for 1 h at 20°C. Peroxidase-
conjugated goat anti-mouse IgG (Bio-Rad), diluted 1:3000 in
PBS Tween, incubated for 1 h at 20°C, were used as third anti-
body for IgG subclass analysis. O-phenylenediamine dihydro-
chloride (Sigma) was used as a substrate and absorbance was
measured at 490 nm. Means + 2 SD of the absorbance reading of
the healthy controls were considered as cut-off levels for positive
reactions. The results of unknown samples on the plate were
accepted if internal controls (two serum samples, one positive
and one negative) had an absorbance reading within mean *
10% of previous readings.

Cultures of HUVEC at the third to fourth passage were used
to detect AECA (IgG), using a cell-surface ELISA on living cells,
as previously reported by Del Papa etal. [27]. AECA were
expressed as binding index (BI) equal to 100 x (S-A)/(B-A),
where S is the optical density (OD) of the sample tested, A the
OD obtained with only the secondary antibody, and B the OD of
a positive reference serum. AECA were considered as positive
when BI was higher than the cut-off value (mean + 2 SD of a 40
healthy controls) corresponding to 46-1% of a positive reference
serum from a patients with SLE.

Statistical analysis

Unless otherwise specified all values are means = SD. Fisher’s
exact test and chi-square analysis were used to evaluate differ-
ences between percentages; and Student’s t-test to evaluate dif-
ferences between arithmetic means. P-values equal to or less than
0-05 were considered to indicate statistical significance.

RESULTS

Immunoscreening of HUAEC expression library with sera from
patients with carotid atherosclerosis

Immunoscreening of the HUAEC expression library with IgG
from a pool of two sera from patients with carotid atherosclerosis
identified a strongly reactive clone. The amino acid sequence, pre-
dicted from the 1128 base-pair (bp) open reading frame of this
clone, is 376 residues long and has 100% identity with the human
Y actin.

Immunofluorescence analysis determining anti-actin reactivity
in HUVEC

IgG in sera from the two patients with carotid atherosclerosis
used in immunoscreening yielded HUVEC cytoplasmic staining
with a cell distribution reminiscent of actin microfilaments
(Fig. 1a,b). A rabbit polyclonal anti-actin antibody yielded virtu-
ally the same distribution pattern (Fig. 1d). These findings indi-
cate that the sera from patients with atherosclerosis used for
screening the library react with human actin in endothelial cells.
Immunofluorescence analysis detected no cytoplasmic staining in
HUVEC incubated with serum from five healthy donors
(Fig. 1c).

ELISA for anti-actin IgG in serum from patients with carotid
atherosclerosis, SLE and type 1 diabetes mellitus

Because actin filaments within the endothelial cells showed IgG-
immunoreactivity, and because preliminary experiments showed
that recombinant and native actin gave equivalent serological
results (data not shown), in serological tests instead of denatured
recombinant actin we used native actin, which retained
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Fig. 1. Immunofluorescence analysis of the IgG reactivity pattern to
HUVEC cells of serum from the two patients with atherosclerosis used in
the screening (a) and (b); serum from one healthy donor (c) and rabbit
anti-actin polyclonal antibodies (d).

conformational epitopes and closely reflected in vivo conditions.
The mean OD values for IgG immunoreactivity were significantly
higher in patients with carotid atherosclerosis and in patients with
SLE than in the healthy control group (0-59 + 0-16 and 0-76 £ 0-30
versus 0-46 +0-15; P <107, by Student’s t-test) (Fig. 2). Mean OD
values of anti-actin IgG were significantly lower in patients with
type 1 diabetes than in patients with SLE (0-53 £ 0-17 versus

0-76 £0-30; P =0-001). The frequency of actin-specific IgG was
significantly higher in patients than in healthy subjects (athero-
sclerosis, 16/61 26% and SLE, 13/33, 39% versus 2/41, 5%,
P=0-012and P < 10 by x* test); and in patients with SLE than in
patients with diabetes type 1 (13/33, 39% versus 2/26, 7-6%;
P=001) (Fig.3). IgG subclass analysis in the 16 patients with
carotid atherosclerosis showed the presence of anti-actin IgG1
and IgG2 isotypes: 5 patients (31%) had anti-actin IgG1; 5 (31%)
had IgG2; and 6 (37%) had IgG1 and IgG2. All the 13 patients
with SLE had anti-actin IgG1 and IgG2.

Anti-actin IgG and characteristics of patients

The presence of anti-actin IgG in serum of patients with athero-
sclerosis and SLE was independent of the presence of cardiovas-
cular risk factors (Table 1). According to Fisher’s exact test, the
presence of serum anti-actin antibodies in patients with carotid
atherosclerosis was inversely related to the presence of diabetes
(P=0-01). We found no significant association between serum
anti-actin antibodies and the presence of AECA in patients with
atherosclerosis and SLE (Table 1). The presence of serum anti-
actin reactivity did not correlate with hypergammaglobulinemia
in patients with SLE (Table 1). We found no significant associa-
tion between vascular risk factors related to inflammation (levels
of Creactive protein and the erythrocyte sedimentation rate) with
the presence of anti-actin antibodies (data not shown). No signif-
icant difference was found for serum anti-actin antibodies
between patients who underwent endarterectomy and those who
did not (data not shown). Of the 46 patients who underwent
endarterectomy, the frequency of anti-actin antibodies was higher
in patients with uncomplicated plaque than in those with compli-
cated plaque (10/23, 43% versus 3/23, 13%; P = 0-047) The mean
OD value of anti-actin IgG was also significantly higher in
patients with uncomplicated plaques than in patients with com-
plicated plaques (Student’s ¢-test: P = 0-048) (Fig. 4). In our study
about 50% of the patients with carotid atherosclerosis had vascu-
lar lesions in coronary or peripheral arteries, or both, but we
found no correlation between these vascular abnormalities and
the presence of anti-actin antibodies (data not shown).

DISCUSSION

Serum anti-actin antibodies, initially detected among patients
with chronic active hepatitis in 1965 [28,29], were later identified
in various autoimmune diseases including SLE, in infectious
mononucleosis and in cancer including urogenital carcinomas and
malignant melanoma [30-34]. In this study, after using a molecu-
lar cloning strategy to identify endothelial autoantigens, besides
confirming earlier evidence of serum anti-actin antibodies in
patients with SLE, we provide evidence of serum anti-actin anti-
body reactivity in patients with carotid atherosclerosis.

Our finding that actin is a significant autoantigen in SLE (a
classic systemic autoimmune disease in which endothelial
damage plays a crucial role) and atherosclerosis raises the
possibility that these two diseases share immunological features.
Apoptosis may play an important role in bypassing tolerance to
intracellular autoantigens. In patients with SLE, several autoan-
tigens localized in endoplasmic reticulum and ribosomes were
identified in blebs of apoptotic keratinocytes [35]. In a recent
study on the tumour-infiltrating B cell response, Hansen et al.
reported that infiltrating B lymphoplasmacytic cells in medullary
breast cancer produce antibodies specific to the self antigen

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:209-215
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actin. Medullary breast cancer cells in apoptosis may render
actin immunogenic by exposing it on the cell surface [36,37]. On
the contrary, a recent report describes endothelial-cell actin fibre
arrangement as a result of apoptosis, without plasma membrane
expression of actin molecules [38]. Many autoantigens and in
particular actin act as substrates for the pro-apoptotic cysteine
proteases. The novel polypeptides generated can be released into
the extracellular spaces or be presented as neoantigens, thus

divided according to the type of plaque. Each dot represents a subject. The
dotted line represents the average value plus two standard deviations of
the healthy subjects. Statistically significant difference by Student’s test:
*P=0-048.

generating an autoimmune response [39,40].Whether apoptotic
endothelial cells within atherosclerotic plaque can expose actin
on their surface or release actin into the extracellular spaces
remains unclear. In this study, patients with atherosclerosis
whose serum contained anti-actin IgG often had less advanced
uncomplicated plaque, rather than the more complicated, unsta-
ble eroded plaque vulnerable to rupture. If the percentage of
endothelial apoptotic cells that display actin molecules able to
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capture anti-actin antibodies into the plaque increases as plaques
advance then this mechanism might explain why we found lower
anti-actin reactivity in patients with complicated than in those
with uncomplicated plaque. Support for this hypothesis comes
from studies describing immunoglobulin accumulation into ath-
erosclerotic plaques, but the antibody specificity is still unknown
[41,42].

Traditional cardiovascular risk factors have no role in the
induction of anti-actin IgG in sera from patients with atheroscle-
rosis and SLE. The lack of association between hypergammaglob-
ulinaemia and the presence of serum anti-actin IgG in patients
confirms the specificity of anti-actin IgG reactivity.

Even though in this study we used an endothelial cDNA
expression library, we cannot exclude the possibility that the
autoimmune response we observed was generated against actin
present in smooth muscle cells or other cellular populations of
atherosclerotic plaque. Our finding of higher IgG reactivity to
actin in patients with carotid atherosclerosis and with SLE, dis-
eases characterized by endothelial damage, than in healthy, age-
matched subjects, and in patients with type-1 diabetes without
signs or symptoms of vascular complications nevertheless sug-
gests that the autoimmune response against actin could preferen-
tially target the endothelium. Anti-actin autoantibodies could
therefore result from endothelial damage. The unanswered ques-
tion is whether anti-actin antibodies activate vascular endothe-
lium thus playing a direct pathogenetic role in atherosclerotic
disease or they are an epiphenomenon caused by the endothelial
damage. In fact the endothelial damage could be caused by anti-
endothelial cell antibodies, but also by other causes such as infec-
tions. Systemic infection by various pathogens, including viruses
and bacteria may interact with the endothelium contributing to
pathological changes in the arterial walls and may result in altered
coagulation, vasculitis and atherosclerosis.

We found no significant association between the classical test
for detecting AECA and the presence of anti-actin antibodies by
ELISA in patients with carotid atherosclerosis and SLE. The
cell-surface ELISA on living cells we used to detect AECA
reveals only plasma membrane antigens. Anti-endothelial cell
reactivity is not restricted to plasma membrane proteins alone.
Anti-endothelial-cell reactivity is also directed against cytoskele-
tal components such as vimentin [43]. Our data on IgG subclass
profiles showed that anti-actin IgG in the serum of patients with
carotid atherosclerosis and with SLE invariably belonged to the
IgG1 or IgG2 subclasses or both. Previous reports showed that
in autoimmune hepatitis actin-specific IgG1 and IgG3 predomi-
nated [44]. Why production of actin-specific IgG isotypes differs
in autoimmune hepatitis, and atherosclerosis and SLE is hard to
explain.

The lack of information about autoantibodies associated with
atherosclerosis makes it difficult to understand the pathogenetic
mechanism underlying the onset and progression of atheroscle-
rotic plaque, let alone design of therapy. The presence of anti-
actin autoantibodies in serum from patients with atherosclerosis
suggests that actin is a new autoantigenic molecule of potential
clinical importance that could lead to a deeper understanding of
the specific antigen-induced mechanisms underlying immune-
mediated inflammation in carotid atherosclerosis.
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