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B>-glycoprotein | (8,-GP1) mMRNA is expressed by several cell types involved in anti-
phospholipid syndrome-related tissue damage
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SUMMARY

We report here the expression @GPl mRNA by cell types involved in the pathophysiology of the
anti-phospholipid syndrome (APS), i.e. endothelial cells as a target of autoantibodies in the APS,
astrocytes and neurones involved in APS of the central nervous system (CNS). Lymphocytes were also
included in the study, as it has been demonstrated that patients with systemic lupus erythematosus-
associated CNS diseases have serum anti-lymphocyte antibodies cross-reacting with brain antigens, and
intrathecally synthesized anti-neurone antibodies. Reverse transcriptase-polymerase chain reaction
followed by restriction enzyme digestion of the product obtained demonstrated the presgacaRif

mRNA in all cell types here tested, cultured both in presence and absence of fetal calf serum. In both
culture conditions, the same cell types were immunoreactive to aBa@P| MoAb, as determined by
indirect immunofluorescence technique. Taken together, these results indicate a direct cell synthesis of
B2-GPl, suggesting an antigenic function@#GPI in the APS, including the CNS disease that occurs in

this syndrome.
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INTRODUCTION anti-cardiolipin antibodies (aCL) [17] and by a series of clinical
reports. Thus, @-GPI have been associated with thrombosis and

B2-GPI is an apolipoprotein involved in lipid metabolism and . N .
classified among members of the complement control proteirghrombocytopenla occurring in the APS more significantly than

superfamily [1]. TheB,-GPI sequence, determined by protein aPL [8,18-21]. Moreover, APS has been recently reported in
. 2 fl . . . .
and cDNA analysis, is strongly homologous among species [2,3]pat'em.S having @Z_Gpl but not aPL. For this reason, to describe
The attention of the immunologists has recently focusefoBPI this primary variant of the APS, some authors coined the term
. . . .. ‘aPL-cofactor syndrome’ [22,23]. Interestingly, central nervous
bef:ause of its requwfement for_the formatlpn (.)f the antlgenlcsystem (CNS) involvement is frequent in these conditions. The
epitopes of some anti-phospholipid autoantibodies (aPL) [4_6]binding of 8,-GPI to several cell elements, such as macropﬁages
In fact, clinical and experimental reports suggest §3aGPl is one : i -
of the main target antigens for aPL in the anti-phospholipidapOptOt'C thymocytes, trophoblast cells, activated platelets and, in

syndrome (APS), either primary (PAPS) or secondary to sys,[emi?/lartlcular, endotheliocytes has been previously reported [24—-31].

lupus erythematosus (SLE) [7—10]. APS is characterized by fetal' >.< recently, we demonstrated th@eGPI bind cerebrovascular
) o ) . ; .—_endothelium, astrocytes and neurones [32]. TRgGPI immu-
loss and a wide spectrum of clinical manifestations, including

neurological symptoms such as focal cerebral and ocular ischai:-oreact'vIty indicates thal,-GP! s present n cell types other than

mia, the myelopathy of lupoid sclerosis and Degos’ disease, an dfg;rt]?scn{tes’ which represent the main site of synthesis in the
less frequently, Guillan—Barrepolyradiculoneuritis, migraine, The in.wmunoreactivity by -GP! has been particularly inves-
chorea and seizures [11,12]. Because of the frequent association . . . .

with aPL, the clinical relevance of anfi,-GPI autoantibodies (a CEE:;?% nge gtrt]w((j)mse;l?oll(felISV\?ES;I;?;LTlri]:‘llrrn[]er:g\r/:ar:(t:t:\r;i\:oIve-
B2-GPI) in APS has been long debated [13—16]. A direct patho- P phy 9y y

genic role of the 8>-GPI in APS has been recently suggested bygofgg?ieyo;y;i; r?]ugr'tqnt)hgr ?S?E:cffnﬁgégﬁe:giﬁnfrl]es's

the identification of these antibodies as a population distinct from u I.€. of serum ongi ! : u Y '
of the glycoprotein is still a matter of debate. Some authors

Correspondence: Professor Guido Valesini, Allergologia e Immunolo-described the disappearance of,#PI immunoreactivity in

gia Clinica Ill, Policlinico Umberto |, 00161 Roma, Italy. endotheliocytes grown in serum-free medium [31], whereas
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others reported its lasting presence even after serum depletion [33electrophoresed on 2% agarose gels in TAE buffer. To rule out
36]. However, the direct evidence @§-GPI synthesis by cell types the possibility of amplification of contaminating genomic DNA,
involved in APS pathophysiology is provided by the demonstrationRNA samples treated with DNase were submitted to PCR ampli-
of 8,-GPI mRNA in human fetal astrocytes as well as in humanfication without RT. The optical density (OD) measurements of the
cells of intestine and placenta, as determined by reverse transcrifanes on the agarose gels were performed by means of a computer-
tase-polymerase chain reaction (RT-PCR) [37—39]. In the preserdssisted image analysis system (MCID, Imaging Research, St
study, we performed RT-PCR to determifieGPI mRNA expres-  Catherine’s, Ontario, Canada) using dedicated software. The
sion by endothelial cells, a known target of autoantibodies in APSsystem was calibrated using a set of OD standards (Kodak,
astrocytes and neurones, being cell populations involved in th&ochester, NY). Non-linear distance calibration was performed
CNS disease of the APS. We also investigated lymphocytesising the molecular length marker (50-bp DNA laddensda
because this cell type has been a known target of a wide spectruBRL). Background subtraction was automatically performed
of antibodies detected in sera of SLE patients, frequently withbefore analysis. In order to compare the results obtained from
evidence of CNS disease. These antibodies share some degreeeaich cell line cultured in presence or absence of FCS, a semi-
cross-reactivity with neuronal and glial antigens [40]. Moreover, quantitative approach was used by comparing in the same cell line
intrathecal synthesis of anti-neurone antibodies has been recentsamples the OD value @,-GPI lane to that of3-actin. The RT-

demonstrated in SLE patients with CNS disease [41]. PCR products were digested with the restriction enzyme Alu |
(GIBCO BRL) and electrophoresed on 2% agarose gels in TAE
buffer.

MATERIALS AND METHODS

Cells Detection of3,-GPI by indirect immunofluorescence

The following human cells were used: LAN5 (neuroblastoma line),Cells were cultured for 3 days on cover slides in medium contain-
human umbilical vein endothelial cells (HUVEC), two establisheding FCS, then repeatedly washed in PBS to remove the culture
human glial cell lines T67 and T70, respectively derived from a Ill medium. For each cell line, some samples were immediately fixed
WHO gemistocytic astrocytoma and from a glioblastoma, asin PBS 4% formaldehyde (v/v) (1 h at room temperature); other
previously described [32,42] (kindly provided by Professor G.samples were grown for another 3 days in FCS-free medium before
Lauro, Department of Biology, Ill University of Rome, lItaly), fixation. The presence d,-GPI was detected by indirect immu-
HEpGL2 hepatoma line used as positive control, according tanofluorescence (IIF) using the antibody anti-hungrGPI affi-
Avernaetal and Chamleyetal [38,39] (kindly provided by R. nity-purified mouse monoclonal §aGPlI MoAb 1A4, isotype
Nicotra, Istituto Regina Elena, Roma, ltaly), and normal skinlgG2, 1:10 diluted in PBS) prepared as previously reported
fibroblasts as negative controls. Cell lines were cultured in theif17,32,45]. The immune reaction was revealed by goat anti-
usual medium supplemented by 5—-20% fetal calf serum (FCS) anthouse IgG conjugated with FITC (GAM-FITC; Sigma, St Louis,
gentamycin (0-05 mg/ml) (€co BRL, Paisley, UK). After 3days, MO; 30 min at room temperature) and observed under a fluores-
one sample of each cell line was repeatedly washed in PBS pH 7&nce microscope with an FITC oultfit (Leitz, Wetzlar, Germany),
to remove the culture medium and then analysed; a second sampdes described in our previous study [32]. ThE-&PI MoAb 1A4

was cultured for a further 3days in FCS-free medium beforeimmunoreactivity with the lymphocytes was detected on fresh cells
analysis. Peripheral blood lymphocytes from three healthyspotted on slides and fixed in PBS 4% formaldehyde (v/v).
donors were separated by Ficoll (Nycomed, Oslo, Norway)Negative controls were performed on each cell line replacing the
gradient centrifugation followed by hypotonic lysis of the ap>-GPl MoAb 1A4 with mouse non-immune IgG.

erythrocytes and washed three times in PBS pH7-3.

Detection ofg,-GPl mRNA by RT-PCR RESULTS
Total RNAs, extracted from 5-2010° cells of each line by The expression of mMRNA fo8,-GPI andB-actin in the different
Ultraspec RNA isolation system (Biotecx, Houston, TX) accordingcell lines cultured in medium containing FCS for 3days and in
to the manufacturer’s instructions, were treated with DNase Ifresh lymphocytes is shown in Fig.1l. Th-GPI mRNA was
RNase-free (@co BRL) and then converted to first-strand cDNA identified from the HEpGL2, HUVEC, LAN5, T67, T70 cell lines
copies by random primers ofidy of total RNA with Super Script  and from lymphocytes, whereas no detectable signal was obtained
H™RNase RT, as suggested by the suppliee¢GBRL). Oligonu-  from the fibroblasts. The RT-PCR of RNAs resulted in amplifica-
cleotide primers designed for PCR amplification of the huiian  tion of the expected bands, i.e. 262 bp fgrGPI and 218 bp fop-
GPI andB-actin mRNAs were checked by Genebank. Based on thectin. Similar results were obtained from RT-PCR of RNAs
coding sequences [2,43], the following primers were uSe@PI-F extracted from the cell lines grown for another 3days in FCS-
5 — TCTGCCATGCCAAGTTGTAAAG — 3(784-805)3,-GPI-  free medium (data not shown). When RT-PCR products were
R 5 — CATCGGATGCATCAGTTTTCCA — 3 (1045-1024);3- digested with Alu | restriction enzyme and subjected to electro-
actin-F 5— AAGAGAGGCATCCTCACCCT - 3(222-241);3- phoresis analysis, two bands of the expected length (i.e. 101 and
actin-R3 - TACATGGCTGGGGTGTTGAA — 3(439-420)[44]. 161bp) were observed, as shown in Fig.2. The possibility of
One quarter of cDNA synthesis reaction volume was combinedamplification of contaminating genomic DNA was excluded,
for PCR amplification in a 104 final volume containing each since no products were obtained from the RNA samples subjected
primer and Taq polymerase o BRL). PCR was performed for to PCR without RT. Moreover, thg-actin-specific primer pairs
either 35 B,-GPI) or 25 (-actin) cycles, each cycle consisting of were selected from two exons separated by one intronic sequence
denaturation at € (45s), annealing at 8C (30s), extension at [44]. As shown in Fig. 1, the RT-PCR product gfactin mRNA
72C (30s), after predenaturation at °@5(2min), and final (218bp), but no gene fragment (659bp) was observed. The
extension at 7Z (10min). RT-PCR products (1B) were immunoreactivity of the @-GPl MoAb 1A4, as detected by IIF,
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was observed with HEpGL2, HUVEC, T67, T70 and LANS5 cell and #8,-GPI in APS and aPL cofactor syndrome. In view of this,
lines both in presence and absence of FCS in the culture mediunthe present results ofaGPI immunoreactivity of endothelial
and with fresh PBL, but never with the fibroblasts. Th®-&PI cells cultured for 3days in FCS-free conditions, and in particular
MoAb 1A4 immunoreactivity with HUVEC, T67 and T70 glial aB8,-GPIlimmunoreactivity localized within the cytoplasm, provide
lines, LAN5 neuroblastoma line and PBL in serum-free conditionevidence in favour of the presence of endogen@s&PI in the
is shown in Fig.3 (left panels). The fluorescent pattern wasendothelial cells. These results are consistent with previous reports
homogeneous and localized within the cytoplasm and/or on thef the persistence offa-GPI immunoreactivity in endotheliocytes
cell membrane. The intensity of fluorescence, as well as theultured inB3,-GPI-deficient medium [33—36].
pattern, were similar to those obtained in cells cultured in  Since translocation of extracellulg,-GPI within the cyto-
medium containing FCS (data not shown). Technique controlplasm is unknown, the intracellular localization of,eGPI
performed on each cell type replacing tifg-& Pl MoAb 1A4 with immunoreactivity suggest8,-GPI synthesis by these cells. The
non-immune IgG were negative (Fig. 3, right panels). B>-GPI molecules, synthesized in the cytoplasm, might be succes-
sively carried to the cell surface, as routinely occurs for numerous
molecules expressed on the cell membrane. Thus, fhecRI
DISCUSSION immunoreactivity observed on the cell membrane in serum-free
The results of the present study demonstrdteGPI mRNA  cultured cells, as reported here and in our previous study [32],
expression by endothelial cells, astrocytes, neurones and lymphaonight be due, at least in part, to this latter mechanism. Other
cytes, thus indicating that these cell types synthe8iz&PI. The  authors [31] reported thatBaGPI binding to endothelial cell
RT-PCR product of total RNA from these cell types resulted insurface, as determined by ELISA, disappears after 5h of culture
amplification of the expected band f85-GPlI mRNA, i.e. 262bp. in serum-free conditions and is re-established after addition of
The same band was also obtained from the HEpGL2 hepatocytserum purified3>-GPI. The lack of 8>-GPI binding in serum-free
cell line used as positive control f@,-GPI mMRNA expression both  cultured endotheliocytes reported by these authors [31] might be
in this study and in previous reports [38,39]. due to the short period of culture in serum-free medium. It is
After digestion with Alu | restriction enzyme we observed the conceivable that cells require longer than 5h to synthesize and
two expected bands (101 and 161 bp). This confirms that the RTearry §,-GPI to the cell surface. However, we fourg}-GPI
PCR product resulted from the amplification of the 262bpmRNA in cells cultured both in the absence and presence of
sequence belonging to th&-GPI mRNA. The results’ viability = serum. Moreover, th8>-GPl mRNA amount was similar in both
is supported by the observations that no RT-PCR product wasulture conditions.
obtained from RNA of fibroblasts, used as negative control, and These results provide evidence that endothelial cells constitu-
that PCR performed without RT on each RNA excluded thetively express3,-GPl mRNA, since the absence of sergmGPI
possibility of amplifying the contaminating genomic DNA. This does not affect, at least for a 3-day periggh-GPl mRNA
latter possibility was further excluded since we observed the RT4iranscription in the endothelial cells. The same result was obtained
PCR product ofg-actin mRNA (218 bp), but no gene fragment on astrocytes and neurones. The rolggfGPI in the growth and
(659 bp), as previously demonstrated [44]. long-term survival of endothelial cells has been demonstrated by
The demonstration g8,-GPI mRNA in endotheliocytes, CNS purification and characterization of an endothelial cell viability-
cells and lymphocytes, by RT-PCR, extends the knowledge that thenaintaining factor from fetal bovine serum identified @&sGPI
liver is not the unique site of synthesis @-GPI. In this respect, [46]. Therefore,3,-GPI synthesis by cells in serum-free medium
B2-GPlI mRNA has been previously demonstrated using the same
technique in fetal astrocytes, cells of intestine and placenta [37—
39]. The question whethes,-GPI is synthesized by endothelio-
cytes is particularly relevant, since these cells are targeted by aPL

M a TEEeetd e f

Fig. 2. Shown are the fragments obtained by digestion with the Alul
Fig. 1. Shown are reverse transcriptase-polymerase chain reaction (RTrestriction enzyme of the reverse transcriptase-polymerase chain reaction
PCR) products of mRNAs foB,-GPI (left lanes) and fog-actin (right (RT-PCR) products of,-GPI mRNA from HEpGL2 (a), human umbilical
lanes) from HEpGL2 (1), fibroblasts (2), human umbilical vein endothelial vein endothelial cells (HUVEC) (b), T67 (c), T70 (d), LAN5 (e), lympho-
cells (HUVEC) (3), T67 (4), T70 (5), LAN5 (6), and lymphocytes (7). The cytes (f). M, 50-bp DNA ladder. The two fragments are of the expected
RT-PCR of RNAs results in amplification of the expected bands: 262 bp formolecular length (101 and 161 bp), confirming the specificity of the primers
B2-GPI, 218 bp forg-actin. M, 50-bp DNA ladder. used.
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(a)

—

- L4
Fig. 3. Shown is the immunoreactivity by thaGPI MoAb 1A4 with endothelial cells (human umbilical vein endothelial cells (HUVEC)) (a)
astrocytomaline T67 (b), gliomaline T70 (c), neuroblastoma line LAN5 (d), all cultured in serum-depleted medium for 3 days, and lymphocytes
(e). The 8,-GPI binding was revealed by indirect immunofluorescence using a goat anti-mouse conjugated with FITC (left panels). Control
techniques were performed on each cell type replacing@h&#1 with non-immune 1gG (right panels). Calibration ba25um.
© 1999 Blackwell Science LtdClinical and Experimental Immunolog$15214—-219
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might represent a mechanism of protection from the absence dfl Levine SR,; Welch MA. The spectrum of neurologic disease associated
extracellularB,-GPI. In other words, the cell synthesis @4-GPI with antiphospholipid antibodies. Arch Neurol 198787683
might assure endothelial cell survival even in disadvantageoud? Hughes GVR . The antiphospholipid syndrome: ten years on. Lancet
conditions. 1993;342341-4.

The demonstration o8,-GPI synthesis by lymphocytes sug- 13 Arvieux J, Roussel B, Jacob M& al. Measurement of anti-phospho-

. . lipid antibodies by ELISA using beta-2-glycoprotein | as an antigen. J
gests that cells of the immune system are another potential target of Immunol Methods 1991193223—9.

862.-GPI_. With regarq to previous reports_ that apti-lymphocyte 14 Viard JP, Amoura Z, Bach JF. Association of a8yiglycoprotein |
antibodies detected in serum of SLE patients with neurological  antibodies with lupus-type circulating anticoagulant and thrombosis in
disease cross-react with brain tissue antigens [47,48]34@PI systemic lupus erythematosus. Am J Med 1982181-6.
expression by lymphocytes appears of particular intetestitro 15 Cabral AR, Rodriguez M, Cabiede®thl. Antibodies toB,-glycopro-
studies demonstrated that anti-lymphocyte antibodies are cytotoxic tein | associate with antiphospholipid syndrome whether primary
for neurones and astrocytes [48]. These antibodies, detected also in (PAPS) or secondary to systemic lupus erythematosus. Arthritis
cerebrospinal fluid of SLE patients with evidence of intrathecal _ Rheum 19936 (Suppl.):S243. ' o
synthesis, were shown to correlate with CNS lupus disease activity® Gr;]arlgv_gAE, (Ij—lams EN' Samma”_t;‘”c‘;_ LR. Dbo pat'ze”tT with a”_“pq?)'J
[41,49]. The demonstration that astrocytes and neurones synthesize SPN0!iPid syndrome have autoantibodies to beta (2) glycoprotein-17
GPI ts the direct ti ic f fi f thi | | Lab Clin Med 1993;122426-31.
‘82__ . suggests the direct antigenic func |0n_o IS molecule, 7 Sorice M, Circella A, Griggi Tetal. Anticardiolipin and anti>-GPI
within the CNS and, consequently, the putative role of APS-

. . ) - 8 are two distinct populations of autoantibodies. Thromb Haemost 1996;
associated autoantibodies in the CNS damage-GPI might 75:303—8.

contribute to the CNS pathologies by interaction with brain 18 Balestrieri G, Tincani A, Spatola Etal. Anti-beta-glycoprotein |
cytotypes, besides the interaction with cerebral vessel endothelium antibodies: a marker of antiphospholipid syndrome? Lupus 1995;
[32]. 4:122-30.

Further studies are advised on a larger variety of cell types and® Puurunen M, Vaarala O, Julkunenetial. Antibodies to phospholipid-
tissues in order to check the specificity 85-GPI expression. binding plasma proteins and occurrence of thrombosis in patients with

However, the present results clearly indicate ti8atGPI is

expressed by different cell types that are supposed to be involveﬁi0 Teusumi A Matsuura E

in immune-mediated tissue lesions in APS.
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