
Identification of a-Fodrin as a Candidate protein, we electroblotted the band onto an 
Immobilon membrane and directly se- 

Autoantigen in Primary Sj~greIl's Syndrome quenced it with an Applied Biosystems 
477A Protein Sequencer. The bands had a 
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EEL (6). 
It is unclear whether organ-specific autoantigens are critical for the development of Proliferative T cell responses of spleen 
primary Sjogren's syndrome (SS). A 120-kilodalton organ-specific autoantigen was cells from 3d-Tx NFSlsld mice to the iden- 
purified from salivary gland tissues of an NFSlsld mouse model of human SS. The tified 120-kD antigen developed spontane- 
amino-terminal residues were identical to those of the human cytoskeletal protein ously at 4 weeks of age, consistent with the 
a-fodrin. The purified antigen induced proliferative T cell responses and production onset of the autoimmune lesions in the 
of interleukin-2 and interferon-y in vitro. Neonatal immunization with the 120-kilodal- salivary gland (Fig. 1C) (7). This response 
ton antigen prevented the disease in mice. Sera from patients with SS reacted pos- increased at 8 and 12 weeks of age, then 
itively with purified antigen and recombinant human a-fodrin protein, whereas those declined by week 16. In contrast, no re- 
from patients with systemic lupus erythematosus and rheumatoid arthritis did not. sponse was detected with control antigens 
Thus, the immune response to 120-kilodalton a-fodrin could be important in the initial (fraction 40, lysozyme, and a-amylase). The 
development of primary SS. spontaneous development of a proliferative 

T cell response to the 120-kD antigen is 
consistent with endogenous priming. We 
tested the 120-kD antigen-reactive T cells 

S j ~ ~ r e n ' s  syndrome is an autoimmune dis- C3H/He. We purified the salivary gland for additional properties to confirm the spe- 
order characterized by lymphocytic infil- autoantigen from tissue homogenates by cific T cell responses. Splenic T cells from 
trates and destruction of the salivary and fast protein liquid chromatography (FPLC). 8-week-old 3d-Tx NFSlsld mice challenged 
lacrimal glands, and systemic production of The fraction containing autoantigen activ- with the 120-kD antigen produced interleu- 
autoantibodies to the ribonucleoprotein ity was purified further by ion exchange kin-2 (IL-2) and interferon-? (IFN-y) (Fig. 
(RNP) particles SS-A (also called Ro RNA high-performance liquid chromatography ID) (8). Thus, a potentially pathogenic T 
particle) and SS-B (also called La snRNP) (HPLC). Autoantigen activity was recov- helper type 1 (T,l) T cell population may 
(1, 2). However, the pathogenesis of this ered in fractions 27 and 28 (Fig. 1B). Pro- be spontaneously primed to the 120-kD sal- 
syndrome remains unclear. We established tein immunoblot analysis of these fractions ivary gland autoantigen early in the devel- 
an animal model of primary SS in NFS/sld revealed a major band of 120 kD (Fig. IB, opment of autoimmune lesions in the sali- 
mutant mice thymectomized 3 days after inset) (4). vary glands of this mouse model. 
birth (3d-Tx) (3). The T cell receptor Vp8 To identify the 120-kD salivary gland To examine the organ specificity of the 
gene is preferentially expressed in these in- 
flammatory lesions from the onset of dis- 
ease, and high concentrations of salivary Fig. 1. (A) Protein immu- 'c) B 
duct autoantibodies of immunoglobulin G noblot analysis of tissue A 
(IgG) type were detected in sera from mice hOmOgenates with se- 

with autoimmune lesions (3). The 3d-Tx ~ ' $ ~ ~ & ~ ~ ~ ~ ~ ~  - NFSlsld mice did not develop any other tigen reacted with tissue 
-a autoimmune lesions. To  identify an organ- homogenates from the 

specific antigen, we used protein immuno- glands, not 020 

blot analysis to detect a salivary gland au- from the brain, he&, lung, -66 

toantigen reactive with affinity-purified liver, kidney, pancreas, or 10 20 30 40 50 

IgG from sera of 3d-Tx NFS/sld mice; no spleen (4). Molecular size -45 Frsctlon number 

reactivity was detected in tissue homoge- markers are in kilodaltons. 
nates from the lung, liver, heart, kidney, (B) HPLC fractionation. 

Fraction 27 
D 

pancreas, spleen, or brain (Fig. 1A) (4). Absorbance 5 14.' 

Moreover, no reactivity was detected in surd at 280 nm (A,). 2 12. 
The purified 120-kD anti- ~ T I O ~  

tissue homogenates from the salivary glands gen was detected by im- 
in other mouse strains such as BALB/c and munoblot analysis in hat- .imE 8: 
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120-kD a-fodrin, we immunoblotted vari- 
ous tissue homogenates from 3d-Tx NFS/skd 
mice with a commercially available mono- 
clonal antibody to a-fodrin. More 120-kD 
a-fodrin was detected in the salivary gland 
homogenate than in homogenates from 
other organs (Fig. 2A) (4). A very faint 
120-kD band in brain, heart, and lung tissue 
homogenates seems to be a degradation 
product of intact a-fodrin, because autoim- 
mune lesions were not detected in these 
organs. In n~nth~mectomized NFS/sId 
mice, a negligible amount of 120-kD a-fo- 
drin was detected in the salivary gland or in 
other organs (Fig. 2A). These data suggest 
that the salivary gland expression of 120-kD 
a-fodrin may be an initial response in the 
development of autoimmune lesions in the 
salivary glands. Polyclonal rabbit antibodies 
to a synthesized a-fodrin NH2-terminal 
peptide reacted with the 120-kD salivary 
gland antigen in a protein immunoblot (Fig. 
2B) (9). Immunohistochemical analysis re- 
vealed that epithelial duct cells intensely 
stained for antibodies to synthetic a-fodrin 
peptide in the salivary glands with autoim- 
mune lesions, but not in salivary glands 
from n~nth~mectomized and normal con- 
trol mice (Fig. 2, C and D) (1 0). 

To test the specificity of the 120-kD 
a-fodrin as the salivary gland autoantigen, 
we constructed a recombinant a-fodrin fu- 
sion protein using the glutathione-s-trans- 
ferase (GST) fusion system in Escherichia 
coli. JS-1 cDNA (5 ) ,  encoding the NH,- 
terminal portion of a-fodrin, was construct- 
ed by inserting cDNA (base pairs 1 through 
1784) into the Eco RI site of pGEX-2T. 
Purified recombinant JS-1 protein was de- 
termined by examining its reactivity with 
sera from 3d-Tx NFS/sId mice. The reactiv- 
ity with sera containing antibodies to 120- 
kD a-fodrin was confirmed by protein im- 
munoblot analysis (Fig. 3A) (1 1 ). Spleen 
cells from 3d-Tx mice proliferated to the 
recombinant JS-1 fusion protein (Fig. 3B). 
We investigated, on a preliminary basis, 
whether the intravenous injection of the 
recombinant a-fodrin protein protects ani- 
mals against the development of autoim- 
mune lesions and found that intravenous 
injection of 25 p,g of JS-1 inhibited the 
development of autoimmune conditions in- 
cluding lymphocytic infiltration and auto- 
antibody production to the whole 120-kD 
molecule (Fig. 3, C and D) (1 2). 

To confirm the disease specificity of the 
120-kD a-fodrin and the recombinant JS-1 
protein as an autoantigen in primary SS, we 
examined sera from patients with other au- 
toimmune diseases, including secondary SS 
(n = 8), systemic lupus erythematosus 
(SLE, n = 21), and rheumatoid arthritis 
(RA, n = 14) and sera from normal healthy 
individuals (n = 15), in addition to sera 

-- 
+ - -119 

- 97 
Fig. 2 (A) Protein imrnuno- 
bbtmaheiswithmouse 
monodor$l antibody to 
a-fodrin (MFlNm, W e r ,  
Wied Kingdom) of tissue 
t-wmwmtas f m  various 
organs of 3d-Tx N F W  
mice (4). Of the organs ex- 
amined from 3d-Tx N F W  
mice, the 120-kD a-focbin 
was detected axdusively in 
the - gland homage- 
nate. A negligible amwnt of 
the 120-M) band was de- 
tected in the salivary gland and other organs in nonth~omized  NWsM mice. (B) Protein i m r n u ~ t  
analysiswith~anbjbodiesto~a-fodrinofthepurified120-k0antigen(lane 1),ofsaliiatygland 
homogenatas from 3d-Tx NFWsld mice at 4 w&s old (lane 2) and at 12 weeks dd (lane 3), and from normal 
W c  mice (bne 4). (C) lmnnmohiioch8mii analysis with pdyclonal antibodies to synthetic a-fodrin of 
sdivaty ghnd sections from 3d-Tx NWsM mice. Epithelial duct cells were intensely stained, especially within 
the inRammatory lesions. (D) I m m u ~  was absent in salivary glands from unaikted mice. No 
reflctivity was observed in the Ever, lung, kidney, heart, pancreas, or spleen from 3d-Tx NFWsM mice nor in 
control mice ( m o m b e d  N F W ,  NFW+ , and BAWc). 

Untreated .Albumin 
.JS-1 OControl 
rlysozyme 
I 

1 2 3 4  Mean grade of leslons 
Fig. 3. (A) Protein immunoblot analysis of the recombinant a-fodrin fusion 
protein JS-1 with sera from 3d-Tx NFWsM mice (lane 2), nonthymecto- D 3 .c - 

P, 5 8 8  - mized NFSlsM mice (lane 31, and control sALBlc mice (lane 4). Lane 1 8 shows a Coomassie-stained gel. (B) Proliferative T cell response to JS-1 (5 
p/ml) developed at 8 weeks of age. Controls received an equivalent + 

volume of recombinant protein from lysates of Escherichia cdi cartying the 
GST gene alone. Data are mean counts per minute per culture + SD of 
triplicates samples (one asterisk, P < 0.01 ; two asterisks, P < 0.001). (C) 
Preventive effect of intravenous injection of recombinant a-fodrin protein. A 
25-p.g sample of recombinant JS-1 protein (n = 7), albumin (n = 5), 

m: 
lysozyme (n = 5), or control GST fusion protein (n = 6) was injected intravenously into neonatal 3d-Tx 
NFS/s/d mice. Mice with or without treatment were examined histopathologically at 8 weeks ahd 
compared with untreated 3d-Tx NFWski mice (n = 6) (asterisk, P < 0.01). Par., parotid gland; SM. 
submandibular gland; Lac., lacrimal gland. Controls received an equivalent volume of recombinant 
protein from lysates of E. coli canying the GST gene alone. Mean grade of inflarnmatoly lesions was 
expressed as described in (12). (0) Protein immunoblot analysis of the 120-kD a-fodrin with sera from 
mice with or without treatment. Autoantibody production to the whole 120-kD a-fodrin molecule was 
clearly inhibited in sera from mice treated with JS-1 . 
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from patients with primary SS (n = 43). Of 
the 43 patients with primary SS, sera from 
41 were positive for both the purified 120- 
kD antigen and the recombinant JS-1 pro- 
tein on protein immunoblots (95.35%), 
whereas sera from all patients with SLE and 
RA and from normal healthy individuals 
were negative (Fig. 4, A and B). Sera from 
secondary SS patients were also positive 
(five out of eight cases) for this antigen. In 
addition, the 120-kD a-fodrin was detected 
in tissue homogenates of lip biopsies from 
patients with primary SS, but not in control 
individuals (Fig. 4C). Furthermore, we de- 
tected a proliferative T cell response to the 
purified 120-kD antigen using peripheral 
blood mononuclear cells (PBMCs) from pa- 
tients with primary SS (Fig. 4D) (13). 
These data suggest that the 120 kD a-fodrin 
is a key target autoantigen in the induction 
of primary SS in humans. 

Fodrin is a major component of the corti- 
cal cytoskeleton of most eukaryotic cells, and 
it forms heterodimers aligned in a side-to-side 
manner composed of an a (240-kD) and a P 
(235-kD) subunit (14). a-Fodrin is an actin- 
binding protein that is found at the periphery 
of chromaffin cells and may be involved in 
secretion (1 5). The stimulation of secretion in 
parotid acinar cells is associated with dramatic 
rearrangements of the subplasmalemmal cy- 
toskeleton, particularly of a-fodrin (1 6). Fo- 
drin has binding sites for various proteins 

including actin (17), calmodulin (la), and 
CD45 (19). Proteolytic cleavage of a-fodrin 
resulting from the activation of a neutral cal- 
cium-activated protease (calpain) could be 
responsible for these conformational changes 
(20). The fodrin a subunit is cleaved in asso- 
ciation with apoptosis, and the 120-kD frag- 
ment is a breakdown product of the fodrin a 
subunit (21 ). The proteolysis of fodrin during 
apoptosis may be a consequence of unknown 
protease activation. Taken together, an in- 
crease in the enzvmatic activitv of Droteases , . 
through unknown mechanisms is probably in- 
volved in the progression of a-fodrin proteol- 
ysis during the initial stages in the develop- 
ment of primary SS. 

Autoantibodies are produced to the 
pyruvate dehydrogenase complex in prima- 
ry biliary cirrhosis (22), thyroid peroxidase 
in Hashimoto's disease (23), glutamic acid 
decarboxylase in insulin-dependent diabe- 
tes (24), H+, K+-adenosine triphosphatase 
in pernicious anemia (25), and RNA poly- 
merase I in SLE and RA (26). In SS, auto- 
antibodies are generated to ribonucleopro- 
tein particles SS-A and SS-B (I ). Among 
them, disease-specific autoantibodies have 
only rarely been described. Despite recent 
findings on the mechanisms of self-toler- 
ance, those leading to pathogenic autoim- 
munity remain obscure. Autoantigens can 
stimulate primary T cell proliferative re- 
sponses (27), which suggests that many au- 

Fig. 4. Protein Immuno- 
blot analysls of the 120- A Primary SS SLE 
1- 

kD a-fodr~n and recom- H.U H I Y K H N K.K K.N M. 

blnant fus~on ~ r o t e l n  w---- - ' -1 

JS-1 with sera from pa- 
tients with various auto- 

+ - 
immune diseases. Se- 
rum samples were test- 
ed in duplicate at a 
1 : 250 dilution. Repre- 
sentative immunoblot- 
ting profiles were select- B 
ed from each group. (A) 
Protein immunoblots of 
the purified 120-kD a-fo- _, - - , - 
drin. (B) Protein immu- - - 

noblots of JS-1 (70-kD 
protein is an artifact 
band of E, coli degrada- 
tion). (C) Protein immu- 
noblot analysis of mouse rnAb to a-fodrin 
(AFFINITI, Exeter, United Kingdom) with la- c 
bial gland homogenates from patients with S; 2 - - 
primary SS (n = 2), and control individuals 2 g g 
with labial gland mucous cyst (n = 2). (D) rn rn S 6 
Proliferative response of PBMCs to  the pu- rn rn O 

rified 120-kD antigen. A significant re- -- -- 
sponse was detected in PBMCs from pa- - 
tients with primary SS (n = 6), but not with - - 
SLE (n = 6). RA (n = 3), or healthy controls 
(n = 6) (73). Data are mean counts per 
minute per culture t SD of triplicate sam- 
ples (two asterisks, P < 0.001). 

RA Secondary SS Normal 
I- 
( K.T H.N M.T T.T T.0 T.E K.M 
Tll!mlmrn' 'W"" 

SLE RA Control 
(n= 6)(n= 3) (n=6) 

toreactive T cells escape elimination and 
remain in an unresponsive state. 

The identification of the salivary gland 
120-kD a-fodrin is of relevance in elucidat- 
ing the crucial role of this autoantigen in 
the development of primary SS. If the 120- 
kD a-fodrin is critical for the initiation of 
exocrinopathy, then preventing or revers- 
ing the autoimmune response to it in the 
salivary and' lacrimal glands of susceptible 
individuals may be an approach for therapy. 
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Prevention of M ucosa 1 Escherichia co/i 1 n f ection that type 1 pill may p l a ~  a role 111 bacterial 
c\stit~s b~ inediating colonization to inan- 

by Fi m H -Ad hesi n-Based Systemic Vaccination nose leceptors alolln the bladder mucosa - 
(16). In a murine cystitis model it was 

Solomon Langermann,* Susan Palaszyns ki, Michelle Barn hart, shown that of the bladder by 
Gale Auguste, Jerome S. Pinkner, Jeanne Burlein, clinical isolates of E .  coli was greatly depen- 

Philip Barren, Scott Koenig, Simon Leath, C. Hal Jones, dent on growth conditions that favored the 

Scott J. Hultgren* expression of type 1 pili (17, 18). In both 
inurine and primate models, expression of P 

Virtually all uropathogenic strains of Escherichia coli, the primary cause of cystitis, 
assemble adhesive surface organelles called type 1 pili that contain the FimH adhesin. 
Sera from animals vaccinated with candidate FimH vaccines inhibited uropathogenic E. 
colifrom binding to human bladder cells in vitro, Immunization with FimH reduced in vivo 
colonization of the bladder mucosa by more than 99 percent in a murine cystitis model, 
and immunoglobulin G to FimH was detected in urinary samples from protected mice. 
Furthermore, passive systemic administration of immune sera to FimH also resulted in 
reduced bladder colonization by uropathogenic E. coli. This approach may represent a 
means of preventing recurrent and acute infections of the urogenital mucosa. 

Adhesive ~ i l i  mediate the colonization of 
mucosal surfaces, allowing bacteria to estab- 
lish infection 1 1 .  2). Over the rears much , ,  , 

research has been motivated by 'the goal of 
using pili as vaccines to prevent bacterial 
infections (3).  However, these efforts have 
often been thwarted by findings that the 
major immunodo~ninant component of pi- 
lus fibers is often antieenicallv variable and 
thus would only offe; proteciion against a 
limited nuinber of bacterial strains. Pilus- 
associated adhesins, on the other hand, are 
typically highly conserved among different 
strains and species of bacteria (4 ,  5 ) .  How- 
ever, adhesins are often onlv minor comao- 
nents of pilus fibers (locaied at the pllus 
tips), and as a result, intact whole pili do 
not elicit a strong antibody response to the 
adhesin (6).  The use of expression systems 
to purify large amounts of adhesin has often 
failed because most adhesins are proteolyti- 
cally degraded when expressed as an inde- 

S. Langermann, S. Palaszynsk~. G. A~lg~lste, J. Burle~n, P. 
Barren, S. Koenig, S. Leath, Medlmmune, Inc , Gaithers- 
b ~ ~ r q ,  MD 20878, USA 
M. Barnhart, J. S. P~nkner, C. Hal Jones, S. J. Hultgren, 
Cepartment of Molecular Microbiology Wash~ngton Uni- 
versty, St. Louis, MO 631 10, USA. 
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pendent moiety (7, 8) .  However, the dis- 
covery that adhesins could be stabilized in 
active conformations by specific PapD-like 
chaperones (2. 9,  1C7) makes it possible to 
purify adhesins in large quantity. We used 
bacterial cystitis as a model infection to test 
the hvaothesis that bacterial adhesins , L 

would prevent microbial attachment and 
colonization when used as a vaccine. 

Cystitis is one of the most common dis- 
orders proinpting medical evaluation in 
otherwise healthy women. Escherichia coli is 
the most prevalent pathogen associated 
with lower urinary tract infections, ac- 
counting for >85% of asyinpto~natic bacte- 
riuria and acute cystitis cases ( 1  1 ), as well as 
>60% of recurrent bouts of cystitis. Recent 
studies have shown that the ilicidence of E .  
coli cystitis ainong women 18 to 40 years old 
ranges from 0.5 t i  0.7 infections per person 
per year (12). Such infections result in 7 to 
8 inillion physician and hospital visits per 
year at a cost of Inore than $1 billion ( 1  3) .  

In contrast to the extensive st~~dies that 
have implicated P pili as a critical factor in 
causing upper urinary tract infections (pye- 
lonephritis) (14, 15), very little is known 
about the inolecular basis of bladder infec- 
tions. A nuinber of studies have suggested 

pili was unnecessary and insufficient for 
bladder colonization ( 1  5 ,  17-1 9 ) .  Also, in a 
murine model, type 1-positive isolates sur- 
vived in higher nunlbers and induced a 
greater neutrophil influx into the urine 
than isogenic type 1-negative mutants 
(20). Reconstitution of type 1 pili in type 
1-negative strains restored virulence similar 
to that of the wild tvae. In addition, disease 

, &  

severity was greater in children infected 
with E .  coli isolates expressing type 1 pili 
than type 1-negative isolates of the same 
serotype, same electrophoretic type, and 
same P piliated and hemolysin phenotypes. 

In light of soine of these earlier studies, 
we obtained 57 urinary tract infection iso- 
lates of E.  coli from multiple clinical centers 
and found that 52 out of 57 (91%) could be 
induced to express type 1 pili under optiinal 
growth conditions for type 1 pilus expres- 
sion ( 1 ,  2 ) .  In contrast, only 30% of the 14 
strains that were tested could be induced to 
express P pili under optinla1 growth condi- 
tions for P pilus expression ( 1 ,  2). 

The association of type 1 pili with cystitis 
led us to investigate whether a recevtor is 
present in human bladder mucosa that is 
recognized bv FimH, the adhesin that con- 
fers Ymannosk-specific binding activity to 
type 1 pili (21). In situ binding to human 
tissues has been used to elucidate the roles in 
virulence of many different adhesins, includ- 
ing pilus-associated adhesins, in a variety of 
pathogens including Helicobactes pylon, 
Stseptococcus pneumoniae, Haemophil~is influ- 
enzae, and pyelonephritic E .  coli (22). The 
NU14 E ,  coli cystitis isolate (18) bound av- 
idly to the luininal surface of both inouse 
(Fig. 1B) and human (Fig. ID) bladder epi- 
thelium. Ivlannose completely blocked this 
binding 123). A chloram~henicol cassette - ,  , 

was recoinbilled into the JimH gene in the 
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