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Summary

Human leucocyte antigen (HLA)-G has a tolerogenic function and could

play a role in the pathogenesis of immune-mediated diseases, including

systemic sclerosis (SSc). The aim of this study was to evaluate HLA-G

serum expression (sHLA-G) and the HLA-G gene 14 base pairs (bp)

insertion/deletion (del2/del1) polymorphism in patients with SSc, to

search for possible associations with clinical and laboratory variables.

sHLA-G was measured by enzyme-linked immunosorbent assay (ELISA)

in sera from 77 patients with SSc and 32 healthy donors (HD); the 14 bp

del2/del1 polymorphism was evaluated by polymerase chain reaction

(PCR) amplification of peripheral blood mononuclear cells (PBMC)

genomic DNA. Receiver operating characteristics (ROC) analysis

identified the HLA-G cut-off that best discriminated dichotomized clinical

and serological variables, that was subsequently employed to subdivide

SSc patients into HLA-G high (HLA-G1) and low (HLA-G2) profile

groups. sHLA-G were not statistically different between SSc patients and

HD, nor between distinct SSc autoantibody subsets. Subdividing SSc

patients by HLA-G positivity or negativity yielded significant differences

for the modified Rodnan skin score (mRss) (P = 0�032), ‘general’ (P =

0�031) and ‘kidney’ (P = 0�028) Medsger severity scores (MSS) and

disease activity index, and especially D heart/lung (P = 0�005). A worse

‘general’ MSS (P = 0�002) and D heart/lung (P = 0�011) were more

frequent in the low sHLA-G group. These two variables and mRss were

associated with sHLA-G levels at logistic regression analysis. Treatment

had no influence on sHLA-G. Moreover, a higher frequency of scleredema

was detected in the del1/del1 than the del-/del1 group (P = 0.04). These

data suggest modulatory effects of sHLA-G on SSc. Prospective studies are

needed to investigate a role in predicting the disease course.
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Introduction

Systemic sclerosis (SSc) is a rare disease, with a preva-

lence of two to 20 cases per 105 inhabitants. SSc repre-

sents one of the most disabling and invalidating

connective tissue diseases of unknown aetiology and

pathogenesis; it is characterized by three main pathologi-

cal processes, namely vascular abnormalities, collagen

deposition and immune system activation [1,2]. The dis-

ease causes widespread microvascular damage and fibrosis

of the skin and internal organs, leading ultimately to an

array of clinical manifestations which are quite heteroge-

neous from patient to patient, but that in the majority of

cases (>95%) are preceded by Raynaud’s phenomenon,

even by several years [3].

The presence of autoantibodies, as well as tissue-

infiltrating lymphocytes–monocytes–macrophages during

the early stages of disease [4], indicates a pathogenic role

played by the immune system. Thus, the study of immu-

nomodulatory molecules can provide information related

to the clinical course and aggressiveness of SSc.

Among immunomodulatory molecules, human leuco-

cyte antigens (HLA)-G have the function of ‘immunosur-

veillance’ and, as such, can be involved directly (or
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indirectly) in the pathogenesis of SSc. Therefore, genetic

and phenotypical analysis of this molecule may provide

predictive information on the disease course.

HLA-G is a non-classical human leucocyte antigen

(HLA)-class I molecule characterized by a restricted allelic

polymorphism [5]. It can exist as four membrane-bound

(HLA-G1 -G2, -G3 and -G4) and three soluble isoforms

(-G5,-G6 and -G7) (sHLA-G), the latter being generated

by alternative splicing of the primary transcript [6], in a

similar fashion to our group’s previous observations for

classical sHLA-class I [7]. In addition, a soluble form of

HLA-G1 can be generated by metalloproteinase-

dependent proteolytic shedding [8] through a mechanism

which appears to be, at least in part, dependent upon

nitric oxide (NO) nitration of both cellular and soluble

forms of the molecule [9].

HLA-G expression is restricted to certain tissues,

namely adult thymus medulla, cornea, pancreatic islets

[10], erythroid or endothelial cell precursors [11] and

fetal tissues [12]. In the latter case, the molecule would

have tolerogenic functions, neutralizing potential alloreac-

tivities at the maternal–fetal interface [13]. Additional

HLA-G-mediated tolerogenic functions have been

reported in vitro [14–16] and in different clinical settings

in humans, such as transplantation [17,18], solid or hae-

matological malignancies [19,20] and autoimmune dis-

eases (review in [21]).

Among HLA-G gene polymorphisms, particular atten-

tion has been paid to the HLA-G gene 14 base pairs (bp)

insertion/deletion (del2/del1) polymorphism in exon 8 at

the 30 untranslated region (UTR) (30 UTR), which regu-

lates the transcription and stability of HLA-G mRNA.

Several studies have provided evidence of a relation of

this polymorphism to some immune-mediated diseases.

Indeed, levels of HLA-G or its gene 14 bp del2/del1 poly-

morphism have been evaluated in relation to the clinical

activity of rheumatoid arthritis [22,23], systemic lupus

erythematosus (SLE) [24], ankylosing spondylitis [25]

and in some autoinflammatory diseases, namely Behçet’s

[26] and Kawasaki diseases [27].

In SSc, HLA-G expression has been explored only at

skin levels [28], whereas no data are available on clinical

correlates of sHLA-G and the HLA-G 14 bp gene del2/

del1 polymorphism. In the present investigation, we have

addressed this issue in 77 patients with SSc. In a smaller

number of patients, clinical correlates of the HLA-G 14

bp gene del2/del1 polymorphism have also been

investigated.

Material and methods

Patients

This retrospective study evaluated data from 77 patients

with SSc who were being treated at the Rheumatology

Units of the University of Naples and University of Bari.

The patients were diagnosed according to the preliminary

American College of Rheumatology criteria for the classi-

fication of the disease [29]. An extensive evaluation was

conducted at the entrance visit, including a routine medi-

cal history, physical examination and taking blood for

laboratory tests, to assess blood cell counts, erythrocyte

sedimentation rate (ESR), total serum protein (by capil-

lary electrophoresis), C-reactive protein (CRP), titres of

anti-nuclear antibodies (ANA), anti-centromere antibod-

ies (ACA) and anti-topoisomerase-I (anti-topo-I) anti-

body and complement proteins (C3, C4). C3 and C4

complement levels were considered ‘low’ when below the

normal range. Tests for renal (serum creatinine and urea)

function were also performed.

On the basis of the presence of ACA and anti-Scl70

antibody in sera, determined on a routine basis using the

anti-centromere protein B (CENP-B) and anti-Scl70

enzyme-linked immunosorbent assay (ELISA) kits

(Orgentec Diagnostika GmbH, Mainz, Germany), patients

were subdivided into three groups: (i) ACA1 patients

(n 5 40), anti-Scl70 antibody1 patients (n 5 28) and

patients without ACA and anti-Scl70 antibody (n 5 9).

None of the selected SSc patients had concomitant con-

nective tissue diseases or vasculitis.

Disease duration was determined from the onset of

the first Raynaud’s manifestation [30]. The SSc subtype,

limited or diffuse, was determined according to LeRoy

et al. [31]. Skin involvement was assessed using the

modified Rodnan skin score (mRss) [32], whereby the

degree of skin thickness is measured in 17 areas and

scored from 0 (normal skin) to 3 (severe thickening),

for a total score range of 0–51. Bibasilar fibrosis for

interstitial lung disease (ILD) was assessed with high-

resolution computed tomography [33]. For lung func-

tion, forced vital capacity (FVC) and diffusing lung

capacity for carbon monoxide (DLCO) were measured

and expressed as a percentage of the predicted values.

Systolic pulmonary arterial pressure (sPAP) was esti-

mated from the tricuspid regurgitant jet velocity, meas-

ured using Doppler echocardiography. Pulmonary

arterial hypertension (PAH) was defined as

sPAP> 35 mm Hg [34]. Clinical involvement of organs

and tissues was assessed and scored (from 0 to 4)

according to Medsger et al. [35] in the following items:

general, peripheral vascular, skin, joint/tendon, muscle,

gastrointestinal tract, lung, heart and kidney. Scores for

the nine items were summed to obtain the disease sever-

ity score [35]. The European Scleroderma Study Group

(EScSG) disease activity index was also calculated

[36,37]. This index includes 10 weighted items, three of

which are indicated by patients, referring to possible

changes in conditions over the preceding month (D),

while seven are clinical variables recorded by the physi-

cian. The former include skin deterioration (Dskin)
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(score, 0 or 2), vascular deterioration (Dvasc) (score 0

or 0�5) and deterioration in heart/lung function (DH/L)

(score 0 or 2); the latter include mRss>14 (score 0 or

1), scleredema (0 or 0�5), digital necrosis (0 or 0�5),

arthritis (0 or 0�5), DLCO� 80% of predicted (0 or

0�5), ESR> 30 mm/h (0 or 1�5) and hypocomplementae-

mia (C3, C4; 0 or 1). A disease activity index of �3 was

used to define an active disease state [37,38]. Therapy

was recorded for each patient at the time when blood

was drawn.

Ethical issues

Approval for the collection of sera from patients and for

the use of their clinical data for research purposes was

obtained from the Ethics Committees of the University of

Naples and University of Bari. All subjects provided writ-

ten informed consent to the use of clinical samples and

data for research purposes.

Serum samples

Serum samples obtained from the 77 patients with SSc

and 34 healthy donors (HD) were aliquoted and stored at

2808C until use.

ELISA for sHLA-G

Quantitative determination of sHLA-G in serum was

made by a sandwich assay using the HLA-G ELISA kit

(Cusabio Biotech Co. Ltd, Wuhan, China) following the

manufacturer’s instructions. Briefly, flat-bottomed 96-well

plates precoated with HLA-G-specific antibody were incu-

bated with 100 ml/well of serum samples (diluted 1 : 2 in

sample dilution buffer) for 2 h at 378C. Samples were

harvested and 100 ml of an appropriate dilution of biotin-

ylated antibody, to antigenic determinants of HLA-G

other than the one recognized by the coated antibody,

were added to each well and the incubation was pro-

longed for 1 h at 378C. Then, wells were washed three

times with washing buffer (200 ml/well), incubated with

100 ml/well of horseradish peroxidase (HRP)-conjugated

avidin (1 h at 378C) and washed five times. The colori-

metric reaction was developed by incubating wells with

3,3’,5,5’-tetramethylbenzidine (TMB)-based substrate

solution (90 ml/well) for 20 min at 378 C in the dark.

Colour development was stopped by adding 50 ml of

‘stop solution’. Absorbance was read at 450 nm with the

Benchmark microplate reader (Bio-Rad Laboratories,

Hercules, CA, USA). HLA-G concentrations (ng/ml) in

Fig. 1. Comparison of soluble human leucocyte antigen (sHLA)-G levels (median, range) between healthy donors (HD) and patients with

systemic sclerosis (SSc) or in distinct autoantibody subsets of SSc. sHLA-G was measured by the enzyme-linked immunosorbent assay (ELISA)

kit (Cusabio Biotech), according to the manufacturer’s instructions. The proportion of difference of sHLA-G levels between groups was evaluated

by Mann–Whitney U-test. P< 0�05 was considered significant.
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sera were determined on the calibration curve, generated

by incubating wells with known concentrations of stand-

ard, up to a maximum of 80 ng/ml, and corrected for the

dilution factor.

Analysis of the HLA-G gene 14 bp del2/del1

polymorphism

Analysis was performed as described previously [39], with

minor modifications. In brief, peripheral blood mononu-

clear cells (PBMC) were isolated from heparin-treated

blood by Ficoll-Hypaque gradient centrifugation and their

genomic DNA was extracted, using the QIAamp DNA

Mini Kit (Qiagen, Crawley, UK). The HLA-G 14 bp del2/

del1 polymorphism in exon 8 at the 30 UTR of the HLA-

G gene was identified by polymerase chain reaction

(PCR). The PCR forward and reverse primers were:

GE14HLAG-50-GTGATGGGCTGTTTAAAGTGTCACC-30

and RHG4-50-GGAAGGAATGCAGTTCAGCATGA-30,

respectively. PCR amplification was carried out in a total

volume of 50 ml containing: 0�2 ml of Taq DNA polymer-

ase, 5 ml of genomic DNA (5 ng/ml), 1 ml of each primer

(final concentration 0�2 mM), deoxynucleotide triphos-

phate (dNTP) mixture (final concentration 0.2 mM), 1�5
ml MgCl2 (final concentration 1�5 mM), 5 ml 103 PCR

buffer (Invitrogen Life Technologies, Waltham, MA,

USA), using an automated PCR thermal cycler (Eppen-

dorf, Hamburg, Germany). Thermal cycling was per-

formed with an initial incubation step at 948C for 2 min

followed by 24 cycles each at 948C for 15 s, 448C for 15 s

and 728C for 30 s, and a final extension at 728C for 30 s.

PCR products were fractionated on a 4% agarose gel con-

taining 1 mg/ml ethidium bromide. The PCR product

sizes were 224 or 210 bp, according to the presence or

absence of the 14 bp insertion at exon 8. Patients were

classified as homozygous for deletion (del1/del1) or

homozygous for the presence of the 14 bp insertion at

both alleles (del2/del2), or heterozygous (del2/del1).

Statistical analyses

Receiver operating characteristics (ROC) analysis was

used to find the best discriminating cut-off for dichoto-

mizing continuous variables [40]. This analysis was per-

formed using MedCalc software (version 7.6.0.0), that

automatically calculated the best discriminating cut-off.

The Mann–Whitney U-test was used with continuous

variables for comparisons between groups, Fisher’s exact

test to define associations among dichotomized variables,

multivariate backward stepwise logistic regression analysis

was used to define independent associations between two

or more variables and Spearman’s analysis was used to

find correlations between continuous variables; these sta-

tistical tests were performed using SPSS version 22 for

Windows (SPSS, Inc., Chicago, IL, USA). A P-val-

ue< 0�05 was considered statistically significant.

For statistical analysis purposes, clinical variables

retrieved from the disease severity scale and disease activ-

ity index items were dichotomized as normal (score 5 0)

versus abnormal (score> 0), along with subitems of the

disease severity scale, namely ‘lung’ and ‘heart’, that were

dichotomized as follows: FVC and DLCO <80% of the

predicted value (versus� 80%), ILD presence of fibrosis

(ILD) (versus absence), electrocardiogram (ECG) altera-

tions (versus absence) and left ventricular ejection fraction

(LVEF) <50% (versus� 50).

Results

Clinical correlates of soluble HLA-G

sHLA-G was measured in sera of 77 patients with SSc and

in 34 age- and sex-matched HD. The mean level [6 stand-

ard deviation (s.d.)] of sHLA-G in SSc (22�63 6 19�27) was

lower than in HD (30�63 6 22�06), although with no signif-

icant differences between groups (P = 0�141). (Fig. 1a). The

analysis of sHLA-G distribution levels in relation to the

presence or absence of autoantibody, commonly detected

in SSc, revealed no significant differences between ACA1

versus ACA2 (Fig. 1b), between anti-Scl701 versus anti-

Scl70 antibody– group (Fig. 1c) and between ACA1 versus

anti-Scl70 antibody1 group (Fig. 1d).

To define any clinical correlates of sHLA-G, this continu-

ous variable was plotted by ROC analysis against dicho-

tomized clinical and serological disease variables. The

Fig. 2. Receiver operating characteristic (ROC) analysis to define the

best soluble human leucocyte antigen (sHLA)-G cut-off

discriminating patients with a ‘heart/lung’ item score of 0 from

those with score> 0.

HLA-G in systemic sclerosis
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former were obtained from the 10 items of the disease activ-

ity index and nine of the disease severity scale, along with

subitems of the disease severity scale ‘lung’ and ‘heart’, all

scored positive (versus negative; absence of alterations). The

serological variables were dichotomized as positive versus

negative according to the presence (versus absence) of ACA

and anti-Scl70 antibody. An acceptable ROC curve

(P< 0�05) was obtained only with the dichotomization of

the SSc group according to the D ‘heart/lung’ (i.e. the deteri-

oration of heart/lung conditions as evaluated by the patient

over the previous month), in this case using the score 0 as

value of the state variable (absence of alterations) (Fig. 2).

The best HLA-G cut-off discriminating patients with no

change in ‘heart/lung’ conditions (i.e. score 0) (versus those

who presented changes, score> 0) was 12�7 ng/ml

(AUC 5 0�72; P = 0�028; 67% sensitivity; 80% specificity)

(Fig. 2). Using this clinical cut-off, HLA-G serum levels were

dichotomized as positive (above the cut-off; high HLA-G

profile) and negative (below/equal to the cut-off, low HLA-

G profile). In the SSc population, 30 patients (39%) were

HLA-G-negative and 47 (61%) -positive. Their clinical char-

acteristics are reported in Table 1. There were significant dif-

ferences between the two groups in terms of mRss, items

‘general’ and ‘kidney’ of the Medsger disease severity scale

and the disease activity index item D ‘heart/lung’, scores

being higher in the HLA-G– than HLA-G1 (Table 1).

Because of the limited number of patients in our

cohort, the detected clinical associations, general, kidney

and D ‘heart/lung’, along with active disease, were

explored further by Fisher’s exact test in the HLA-G-

positive and -negative groups, and data were analysed as

the frequency of patients with particular symptoms under

Table 1. Clinical characteristics of 77 patients with systemic sclerosis (SSc), dichotomized as human leucocyte antigen (HLA)-G-positive (>12

ng/ml) or -negative (�12�7). Values are mean (6 standard deviation) unless indicated otherwise

Variable All patients (N 5 77) sHLA-G negative (n 5 30) sHLA-G positive (n 5 47) P

sHLA-G, ng/ml 22�63 6 19�27 8�34 6 3�22 31�75 6 19�72 0�001*

Female, n (%) 73 (94�8) 28 (93�3) 45 (95�7) 0�641†

Age at diagnosis, years 40�09 6 14�49 37�83 6 13�52 41�49 6 15�03 0�201*

Disease duration, years 14�80 6 9�90 14�45 6 9�86 15�02 6 10�03 0�945*

Limited disease, n (%) 54 (70�1) 18 (60�0) 36 (76�60) 0�134†

mRss 8�80 6 9�13 11�45 6 9�26 7�09 6 8�72 0�032*

FVC, % of predicted 93�93 6 23�49 92�12 6 23�45 95�12 6 23�70 0�701*

DLCO, % of predicted 71�67 6 21�75 70�77 6 25�32 72�17 6 19�79 0�440*

sPAP, mm Hg 31�28 6 10�76 32�17 6 11�78 30�78 6 10�26 0�639*

ILD, n (%) 31 (47�7) 16 (42�1) 15 (55�6) 0�322†

sPAP>35 mmHg, n (%) 16 (25) 7 (30�4) 9 (22�0) 0�551†

Disease severity scale (total) 7�00 6 3�85 7�7 6 4�44 6�55 6 3�4 0�397*

Disease severity scale items

General 0�62 6 0�92 1�00 6 1�23 0�38 6 0�53 0�031*

Peripheral vascular 1�61 6 0�83 1�5 6 0�73 1�68 6 0�89 0�447*

Skin 1�13 6 0�79 1�3 6 0�84 1�02 6 0�74 0�109*

Joint/tendon 0�41 6 1�00 0�57 6 1�13 0�32 6 0�91 0�316*

Muscle 0�44 6 0�68 0�47 6 0�82 0�42 6 0�58 0�705*

Gastrointestinal tract 0�96 6 0�56 1�03 6 0�64 0�91 6 0�51 0�472*

Lung 1�46 6 1�10 1�31 6 1�07 1�55 6 1�12 0�329*

Heart 0�28 6 0�70 0�31 6 0�85 0�25 6 0�61 0�813*

Kidney 0�13 6 0�67 0�33 6 1�06 0�00 6 0�00 0�028*

Disease activity index (total) 1�68 6 1�44 2 6 1�69 1�48 6 1�23 0�373*

Disease activity index items

RSS >14 (0, 1) 0�25 6 0�44 0�37 6 0�49 0�18 6 0�39 0�067*

Scleredema (0, 0�5) 0�21 6 0�26 0�2 6 0�25 0�22 6 0�27 0�852*

Skin (0, 2) 0�16 6 0�54 0�2 6 0�61 0�13 6 0�50 0�585*

Digital necrosis (0, 0�5) 0�09 6 0�19 0�07 6 0�17 0�11 6 0�21 0�359*

Vascular (0, 0�5) 0�08 6 0�18 0�08 6 0�19 0�08 6 0�18 0�866*

Arthritis (0, 0�5) 0�06 6 0�16 0�05 6 0�15 0�06 6 0�17 0�690*

DLCO <80% of predicted (0, 0�5) 0�30 6 0�25 0�33 6 0�24 0�28 6 0�25 0�442*

Heart/lung function (0, 2) 0�26 6 0�68 0�53 6 0�90 0�09 6 0�41 0�005*

ESR >30 mm/h (0, 1�5) 0�23 6 0�55 0�15 6 0�46 0�29 6 0�60 0�284*

Low C3 or C4 (0, 1) 0�08 6 0�28 0�03 6 0�18 0�12 6 0�32 0�221*

*Mann–Whitney U-test; †v2 test. FVC 5 forced vital capacity; DLCO 5 diffusing lung capacity for carbon monoxide; ILD 5 interstitial lung

disease; mRss 5 modified Rodnan skin score; sPAP 5 systolic pulmonary arterial pressure; ESR 5 erythrocyte sedimentation rate.
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each item (Fig. 3). The continuous variable mRss was

obviously excluded from this analysis. The HLA-G-

negative group had a higher percentage of patients with a

worse disease severity scale item ‘general’ [P = 0�002;

odds ratio (OR) 5 0 �06] (Fig. 3a), active disease, defined

by the cut-off value 3 (P = 0�046; OR 5 0�34) (Fig. 3b,

striped bar), with renal involvement (P = 0�05;

OR 5 0�36) (Fig. 3c) and (as expected) patients who

underwent a deterioration of D ‘heart/lung’ function (P =

0.011; OR 5 0�125) (Fig. 3d). After statistical correction

for multiple comparisons, only ‘general’ and D ‘heart/

lung’ remained significant. Overall, the data indicate that

low levels of HLA-G are associated with a greater pres-

ence of worsening of cardiopulmonary manifestations

and of the disease severity scale item ‘general’.

A multivariate backward stepwise logistic regression

analysis was then run by including dichotomized sHLA-G

as dependent variable and mRss, the disease severity scale

items ‘general’, and the disease activity index with D
‘heart/lung’ as covariates (Table 2). The mRss, the ‘gen-

eral’ disease severity score and the disease activity index

item D ‘heart/lung’ were retained in the model with a

statistically significant P-value: positivity for sHLA-G was

associated with a low score of mRss (P = 0�020), ‘general’

(P = 0�040) and of the disease activity index item D
‘heart/lung’ (P 5 0�005).

To test the hypothesis that mRss and D ‘heart/lung’

were not influenced by disease duration and type (limited

versus diffuse) in predicting high or low sHLA-G, logistic

regression analysis was run by including dichotomized

sHLA-G as dependent variable and mRss, D ‘heart/lung’

along with disease duration, and type (limited versus dif-

fuse) as covariates. RSS (B 5 20�078, P = 0�024), D
‘heart/lung’ (B = 21�665, P = 0�006) remained included

in the model as independent variables.

Finally, given the immunomodulatory role of HLA-G,

its levels were also analysed in relation to inflammatory

variables, namely ESR and CRP. Spearman’s correlation

Fig. 3. Frequency distribution of SSc disease variables in the human leucocyte antigen (HLA)-G-negative (sHLA-G� 12�7 ng/ml) and positive (>

12�7 ng/ml) groups. (a) Disease severity scale, item ‘general’ score of� 1 (open bar) versus score> 1 (striped bar), (b) non-active disease (open

bar) versus active disease (striped bar), (c) disease severity scale, item ‘kidney’ score of 0 (open bar) versus score> 0 (striped bar) and (d) disease

activity index, item ‘heart/lung’ score of 0 (open bar) versus score> 0 (striped bar). Active disease was defined as a disease activity index

(DAI)� 3�0. Differences between groups were assessed using Fisher’s exact text.

Table 2. Multivariate backward stepwise logistic regression analysis

to detect independent associations of soluble human leucocyte anti-

gen (HLA)-G levels and clinical parameters (continuous and dicho-

tomized) in 77 systemic sclerosis (SSc) patients

Variable B coefficient s.e. P-value* Exp(B)

mRss 20�104 0�045 0�020 0�902

DSS item

‘general’

20�920 0�447 0�040 0�400

DAI item

‘heart/lung’

21�817 0�651 0�005 0�162

*P< 0�05 was considered statistically significant. DAI 5 disease

activity index; DSS 5 disease severity scale; mRss 5 modified Rodnan

skin score; s.e. 5 standard error.
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analysis showed that neither ESR (P = 0�346) nor CRP (P

= 0�520) were correlated with sHLA-G.

HLA-G 14 bp insertion and/or deletion
polymorphism distribution

Genotype analysis of HLA-G for the presence (del2) and/

or absence (del1) of the 14 bp insertion at the genomic

level was performed in 30 randomly selected patients with

SSc and in 26 HD (representative results are shown in Fig.

4a). None of the individuals examined had the del2/del2

phenotype and there was an equal distribution of the

remaining two polymorphisms in the two groups (Fisher’s

exact test SSc versus HD: P = 1�0) (Table 3). The Mann–

Whitney U-test indicated no significant difference in the

levels of sHLA-G between the del1/del2 and del1/del1

genotype in each of the two groups examined, suggesting

that genotype does not influence sHLA-G levels (Table 3).

Based on the previously detected association between

HLA-G skin expression and SSc skin lesions [28], clinical

correlates of the HLA-G gene 14 bp polymorphism were

explored by Fisher’s exact test in the SSc group, using the

dichotomized clinical variable scleredema. As shown in

Fig. 4b, there was a statistically higher percentage of

patients with scleredema in the del1/1 than the del2/1

group (71�4 versus 28�5%; Fisher’s exact test, P = 0�04,

OR 5 11�25).

Influence of therapy on sHLA-G levels

At the time of evaluation patients were in treatment with

low-dose steroids (60�5%), azathioprine (10�5%), cyclo-

phosphamide (13�2%), methotrexate (8%), calcium chan-

nel blockers (70%), endothelin receptor antagonist

(9�2%) or prostacyclin analogues (47�4%). One patient

was taking rituximab and one mycophenolate mofetil.

There were no significant differences in sHLA-G levels

between groups dichotomized on the basis of whether or

not they were taking steroids (P = 0�081), azathioprine (P

= 0�146), cyclophosphamide (P = 0�420), methotrexate (P

= 0�386), calcium channel blockers (P = 0�728), endothe-

lin receptor antagonist (P = 0�308) and prostacyclin ana-

logues (P = 0�479). Fisher’s exact test showed no

significant association of high/low sHLA-G with the

administration of steroids (P = 0�052), azathioprine (P =

0�703), cyclophosphamide (P = 0�167), methotrexate (P =

0�670), calcium channel blockers (P = 1�00), endothelin

receptor antagonist (P = 0�417) or prostacyclin analogues

(P = 0�347). Overall, the data suggest that the ongoing

treatment had no influence on sHLA-G levels.

Discussion

The present investigation has shown, for the first time,

that levels of sHLA-G are lower in SSc than in HD,

although the difference was not statistically significant.

Moreover, within the SSc cohort, HLA-G serum expres-

sion or the 14 bp del2/del1 polymorphism at exon 8 is

associated with mRss, disease severity scale items general

or disease activity, particularly for the heart/lung, and

scleredema items.

The detection of lower levels of sHLA-G in SSc, com-

pared to HD, parallels similar observations in patients

with rheumatoid arthritis [22], juvenile idiopathic arthri-

tis [41] and SLE [42]. Overall, these results are at var-

iance with those obtained by Rosado et al. [24], who

found higher levels of sHLA-G in SLE patients than in

HD. The discrepancy in the results may reflect different

states of disease activity at the time of HLA-G evaluation.

This is supported in our study by the detection of a

Fig. 4. (a) Analysis of human leucocyte antigen (HLA)-G 14 base

pairs (bp) polymorphisms and (b) association of the del1/del1

genotype to scleredema. (a) Polymerase chain reaction (PCR)

products of exon 8 at the 30 untranslated region (UTR) of the HLA-

G gene in patients with systemic sclerosis (SSc) and healthy donors

HBD). Genomic DNA was extracted from heparin-treated blood

using a QIAamp DNA Mini Kit (Quiagen, Crawley, UK). Exon 8 at

the 30 UTR of the HLA-G gene of each sample was amplified by

PCR using appropriate primers (see “Materials and Methods”

section). Then, PCR products were fractionated on a 4% agarose gel

containing 1 mg/ml of ethidium bromide. The PCR product sizes

were 224 or 210 bp, according to the presence or absence of the 14-

bp insertion at exon 8. (b) Detection of a higher frequency of

disease activity index, item scleredema score> 0 (hatched bar) in the

homozygous SSc group (del1/del1) than the heterozygous group

(del2/del1) for the HLA-G 14 bp polymorphisms. Differences

between groups were assessed using Fisher’s exact text. P< 0�05 was

considered significant.
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significantly higher percentage of patients with a worse

disease severity scale item ‘general’, mRss, and deteriora-

tions of heart/lung function in the HLA-G negative group

compared to the group with a high HLA-G profile.

The association of low sHLA-G expression and high

disease activity is not unique to SSc, as similar associa-

tions have been reported in patients with rheumatoid

arthritis [23], juvenile idiopathic arthritis [41], ankylosing

spondylitis [25] and SLE [42], albeit with some conflict-

ing results [22,24].

The association of low sHLA-G serum expression with

a greater extent of skin involvement (as indicated by

logistic regression analysis) parallels similar observations

by Wastowski et al. [28] in a Brazilian cohort of patients

with SSc. These investigators found an association

between HLA-G skin hyperexpression with a reduced risk

of developing cutaneous ulcers, telangiectasia and polyar-

thritis, and a better survival [28]. The relationship of

HLA-G and skin involvement is supported by HLA-G 14

bp polymorphism analysis, showing a higher percentage

of patients who scored positive for scleredema in the

del1/del1 than the del2/del1 group. Whether this associ-

ation is the result of a lower HLA-G skin expression in

del1/del1 group compared to the del2/del1 (or del2/

del2) group remains to be determined.

The apparent discrepancy between D ‘heart/lung’ (sig-

nificantly different between the HLA-G1 and -negative

group), on one hand, and LFEV, FVC, DLCO and ILD

(equally distributed between groups) on the other hand,

reflects differences in the significance of D ‘heart/lung’

compared to other clinical variables. In fact, while the

former is based on patients’ self-evaluation of the deterio-

ration of cardiopulmonary manifestations (based mainly

on the severity of effort dyspnoea), LFEV, FVC, DLCO

and ILD record the degree of function deterioration not

strictly related to symptoms. This conclusion was corro-

borated by the absence of a statistical association of these

clinical variables with HLA-G after Fisher’s exact test

(data not shown).

A significantly higher number of patients with active

disease was recorded in the group subset with a low

HLA-G profile, as indicated by Fisher’s exact test. How-

ever, this association most probably reflects the associa-

tion of the D ‘heart/lung’ item of the disease activity

index, as indicated by logistic regression analysis, showing

that only D ‘heart/lung’ was retained in the model with a

statistically significant P-value (P = 0�005).

The reason for the lower levels of sHLA-G and higher

score for some items of the severity scale (general) or dis-

ease activity index (particularly D ‘heart/lung’) is

unknown. It is unlikely that the levels could be dependent

upon the HLA-G 14 bp polymorphism, as sHLA-G was

not statistically different in SSc between the del2/del1

and del1/del1 groups.

An influence on sHLA-G levels of the ongoing therapy

is also unlikely, as no association of high/low sHLA-G

was found with any of the treatments, despite previous

investigations indicating that in-vitro methotrexate and

steroid incubation of peripheral blood mononuclear and

trophoblast cells, respectively, influenced sHLA-G levels

[43,44].

Alternatively, SSc patients with a high disease activity

could be low producers of sHLA-G because of a decreased

shedding of the molecule from the cell surface. This pos-

sibility is supported by previous findings showing, in

vitro, that cellular NO can nitrate HLA-G at cellular level,

making this molecule more susceptible to proteolytic

cleavage by membrane metalloproteinases [9]. If this is

the case, then low levels of serum HLA-G may reflect low

levels of cellular NO, which has been considered one of

the main factors triggering vasoconstriction and favouring

vasculopathy, from Raynaud’s phenomenon to fully estab-

lished SSc (review in [3]). In this context, it remains to

be evaluated whether it is the disease activation state that

Table 3. Soluble human leucocyte antigen (sHLA)-G levels in relation to the presence (del2) or absence (del1) of the 14 base pairs (bp) insertion

in patients with systemic sclerosis (SSc) and in healthy donors (HD)

Subjects

HLA-G genotypea P† P‡

Del2/del1 and del1/del1 Del2/del1 Del1/del1

Patient

no. (%)

sHLA-G,

mean 6 s.d.

sHLA-G,

mean 6 s.d.

Patient,

no. (%)

sHLA-G,

mean 6 s.d.

Patient,

no. (%)

SSc 30 (100) 17�4 6 21�4 14�3 6 10�4 18 (60�0) 22�1 6 32�1 12 (40�0) 0�97

p=1.0

HD 26 (100) 34�4 6 21�8 33�9 6 22�6 15 (57�7) 35�2 6 21�7 11 (42�3) 0�77

*Exon 8 at the 30 untranslated region (UTR) of HLA-G gene was amplified by polymerase chain reaction (PCR), using appropriate primers

and fractionated in 4% agarose gel. The PCR product sizes were 224 or 210 bp, according to the presence (del2) or absence (del1) of the 14 bp

insertion. Patients were classified as heterozygous (del2/del1), homozygous for deletion (del1/del1) or homozygous for the presence of the inser-

tion at the level of both alleles (del2/del2). †Differences of sHLA-G median concentrations between del2/del1 and del1/del1 patients in SSc and

HD were evaluated by Mann–Whitney U-test. P< 0�05 was considered statistically significant. ‡Fisher’s exact test to define a statistically different

distribution of HLA-G genotypes del2/del1 and del1/del1 between the SSc and HD groups. P< 0�05 was considered statistically significant;

s.d. 5 standard deviation.
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modulates the serum expression or, alternatively, if low

HLA-G expression can set the conditions for disease acti-

vation, due to a lack of tolerogenic control by this mole-

cule. Whatever the conclusion, the inverse relationships of

HLA-G with mRss, the disease severity scale item ‘general’

and deterioration of heart/lung function indicate that this

molecule can have modulatory effects on the disease, thus

behaving as an anti-inflammatory molecule.

Caution must be exercised in interpreting these find-

ings. As this is, to our knowledge, the first explorative

two-centre study on sHLA-G in SSc, prospective studies

need to be carried out in a larger number of patients,

possibly of multi-ethnic origin, focusing on the HLA-G

clinical correlates highlighted here. In this context, it will

also be of interest to assess whether HLA-G may be a pre-

dictive marker of the clinical course, either in very early

stages of the SSc, along with autoantibody and the capil-

laroscopy pattern [45], or in fully established disease.
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