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T cell responses to natural human proteins in primary biliary cirrhosis
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SUMMARY

The study of T cell responses to autoantigens in human autoimmunity has been hampered by difficulties,
firstly in identifying significant autoantigens, and secondly in the purification of authentic human
proteins in sufficient quantities to allow characterization of antigen-specific T cell responses. In this
study we have purified a human autoantigen, pyruvate dehydrogenase, retaining its enzymatic activity, and
characterized autoreactive T cell responses to it in a human autoimmune disease, primary biliary cirrhosis. T
cell responses to a mixture of the E2 and protein X subunits of human pyruvate dehydrogenase complex are
seen in most affected patients, but in only a small minority of normal and chronic liver disease controls. By
contrast, responses to whole pyruvate dehydrogenase complex occur with equal frequency in both groups.
This suggests that responses to the E2 component/protein X of pyruvate dehydrogenase complex play a role
in the pathogenesis of primary biliary cirrhosis. The availability of significant quantities of the human
autoantigen in primary biliary cirrhosis makes this condition an interesting model in which to study true
autoreactive human T cell responses.
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INTRODUCTION bile ducts [10]. Autoantibodies directed against a number of

Although it is well established that human autoantibodies recog-rﬁofg]onfgﬁlairt‘ga::glg;;gnggs:swzﬁviseﬁghiifcfrr':;ude:;?:

nize the naturally produced, autologous antigens, similar proof fo : . . ) . .

T cells has been harder to achieltevitro study of the immuno- mzﬁbe:;iedl:gztr?t(;ie?jgglsn?;earr]rt]ggg;gnoft?ﬁeIgnoe;o:ggcgglr d;ril

logical basis of many human autoimmune diseases has been T - ) . y
nase family of multi-enzyme complexes, in particular the

hampered by failure to identify, and to isolate and purify, the 9¢ . 4
relevr;nt aut)(;antigens in theifry natural form. Sever:fl d%erentdlhydrohpoamlde acetyltransferase (E2) component of pyruvate

approaches have been used to compensate for the non-availabilljij hydrogenase complex (PDC)_ [13-16]. Previous S‘Pd'es looking
T cell responses to these antigens have been restricted to the use

of natural human autoantigen in the study of autoreactive B and f bovine tissue-derived antigen [17—19], recombinant protein
cell responses, including the use of sequence-specific peptides [1_%’/er-expressed in bacteria [19.20] and synthetic peptides [21].

of recombinant proteins over-expressed in bacteria [4—6], and o -
equivalent proteins purified from tissue obtained from other speciesHere we have purified natural hum_an PDC from heart mu;cle,
olated the PDC-E1 and the co-purifying PDC-E2 and protein X

7,8]. None of these approaches is wholly satisfactory, each havin . . . .
[7.8] PP y y omponents, and cleaved PDC-E2 into its constituent domains.

theoretical and practical disadvantages. In this study we have ™. - . . __—
b 9 y sing these purified protein preparations we have, for the first time,

prepared and purified a natural human protein in sufficient quantity” ™~ . :
to allow us to characterize true autoreactive T cell responses in I;u;iéecci gggecr:)tr;pared T cellresponses to natural human autoantigens

important human autoimmune disease, primary biliary cirrhosis
(PBC). This represents one of the first occasions in which T cell
responses to a natura_ll huma_n autoantigen hav_e been (_:haracteri_zed in SUBJECTS AND METHODS
large numbers of patients with autoimmune disease, in comparison
with suitable controls. Subjects

PBC is a chronic cholestatic liver disease with an autoimmune>eripheral blood T cell responses to PDC, PDC-E1 and PDC-E2/X
etiology [9]. The classic pathological lesion is of T cell-mediated Were characterized in 28 female patients with histologically proven

destruction of the biliary epithelial cells of the small intrahepatic Primary biliary cirrhosis. Mean age for the PBC patient group was
589+ 9-7 years (range 39-76 years). The PBC group consisted of

Correspondence: Dr David E. J. Jones, Department of Medicine (Liverseven patients with stage IV disease (C|rrh0_tlc, me_an age
Group), Floor 4, William Leech Building, The Medical School, Framlington 638 i 76 years, rgnge_54—76 years) and 21 patients with stage
Place, Newcastle-upon-Tyne NE2 4HH, UK. I-11l disease (pre-cirrhotic, mean age-3% 99 years, range 39—-76
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years). All 28 PBC patients were anti-E2 antibody-positive by 96-well U-bottomed plates (Costar, Cambridge, MA) at a density
ELISA (method described previously [22]). The control group of 2x10° cells/well in 20Qul culture medium consisting of
consisted of 14 normal female subjects (mean ag® 5801 RPMI 1640 (Northumbria Biologicals, Cramlington, UK) supple-
years, range 39-73 years), and 18 female patients with othemented withL-glutamine (Northumbria Biologicals; 2wnfinal
forms of chronic liver disease (CLD) (12 with alcoholic liver concentration) and 5% autologous serum prepared freshly and
disease, six with primary sclerosing cholangitis). Mean age of théneat-inactivated at 8€ for 1 h. Responses to PDC were measured
CLD group was 6@ * 11-8 years (range 32—78 years). All control at a range of concentrations, from 10 to 2@@ml, based on
subjects were anti-E2 antibody-negative by ELISA. All subjectspreliminary experiments which suggested that peak responses to
gave informed consent and local ethical approval was obtained. PBEDC were in the concentration range 100—200nl. Responses to
patients and CLD controls on immunomodulatory therapeuticPDC-E1, PDC-E2/X and the catalytic and lipoyl domains of PDC-
regimes were excluded from the study. E2 were measured at a range of concentrations corresponding to
the molarity used for PDC. Molarity calculations were based on

Cell preparation published subunit molecular weights and stoichiometries [26]. The

Respor}ses stud_ied were those of T cells in the _peripheral blooPesults given are for the peak response in each case. All antigen
repertoire, allowing comparison between PBC patients and normaly sions were prepared in culture medium and filter sterilized

and CLD controls. Although the study of liver-infiltrating T cells o6 adding to culture wells. Filter sterilization of antigens in
might have been preferable, preliminary experiments S’ugges'[egomplete culture medium had no significant effect on antigen

that it was not possible to obtain sufficient T cells from liver tissue .oncentrations. Triplicates of wells were prepared for each subject

to p_erform these e>§per_|ments, even using expl_anted organgng antigen combination. For each subject three control wells were
obtained at orthotopic liver transplantatioAll subjects had (¢ up containing cells but no antigen. Cells and antigen were

adequate totals of peripheral blood lymphocytes. We have Prezo_cultured for 6 days at 3C under 5% CQ@ in a humidified
viously demonstrated that there are no significant differences iri‘ncubator.

circulating T cell and CD# subset counts between PBC patients
and normal and CLD controls [23]. Blood (20 ml) was obtained Proliferation assay

asepti_ce_tlly from each subject by ve_nepuncture a_nd a_dded %®ontrol and antigen responses were measured by proliferation
hepgrlnlzed tubes (200 U of preservative-free heparin (Sigma, S‘J{ssay at 6 daysH-thymidine (37 kBq; Amersham, Aylesbury,
Louis, MO)). A further 10ml of blood were used to prepare ) was added to each well in 30 of culture medium. After a
autologous_serum for culture use and for anti-E2/X anthOdyfurther 16 h of culture, plates were filter harvested semi-automa-

testing by ELISA. The mononL_JcIear C?” fraption was separated[ica”y’ dried for 1 h and counted on a Canberra-Packard Matrix 96
by standard Lymphoprep density centrifugation (Nycomed, Osloyqnter Results are expressed as stimulation indices (Sl), the S

NOW_VaV)- The mononuclear cells were washed three times "being the ratio of mean ct/min in antigen-containing wells to mean
medium (as below) before culture. ct/min in control wells.

Antigen preparation o )

PDC used as antigen in these experiments was extracted fromtatistical analysis _ _
human heart muscle obtained from explanted organs at cardiaetatistical analysis of Sl was performed using the Mann—Whitney
allograft. The PDC-E1 and PDC-E2/X components were isolated'on-parametric test and Fisher’'s exact test. Correlations are by
from the whole complex by gel filtration. Human PDC was purified SPéarman’s rank correlation. An SB-85 (mean control ct/min
[24] using a modification of the method described by Stanley &1 2 .d.) was taken as indicating a positive response to antigen.
Perham [25]. The final preparation was stored in 20 HEPES,

150m_¢| NaCl and 30% (VIv) glyce_rol, pHZ (buff_er_A). This RESULTS

material revealed the five polypeptides characteristic of mamma- ) o

lian PDC when analysed by SDS—PAGE [26]. A fraction contain- Biochemical purification of human PDC, PDC-E1 and PDC-E2
ing PDC-E2 and protein X was separated from E1 and E3 bydivesrise to hqmogeneous preparations ofhumar\ autoantigen [?4].
resolution of the complex using gel filtration on a preparative PPC purified in this way retains enzymatic activity, assayed in
Superose 6 (HR16/50; Pharmacia, St Albans, UK) column af®rms of the reduction of NAB to NADH in the presence of its
pHS0 in the presence of @ NaCl [27] and collected by ultra- substrate pyruvate. Recombination of the fraction containing PDC-
centrifugation at 250009 for 2h at 2C in a Beckman L5-658 E2 and protein X with which it copurifies, with theE1 and—E3;
ultracentrifuge. The pellet was resuspended and dialysed extef®mponents derived using this purification process is followed by
sively against buffer A. PDC-E2 was split into its component rapid re-formation of enzymatically active complex (data not
catalytic and lipoyl domains by partial tryptic digestion as pre- Shown).

viously described [28]. Purities of all antigen preparations were

analysed by SDS—PAGE, and protein concentrations were mead-Cell responses to human PDC-E2

ured by the method of Bradforet al. [29]. Enzyme activities of ~ Significant T cell proliferative responses to human PDC-E2/X
both natural PDC and the reconstituted complex formed by théVere seen in most PBC patients, but in only a small minority of
mixing of constituent subunits were measured by spectrophotoSOntrols. Background proliferation measured in terms of mean
metric assay of the reduction of NABto NADH using the method counts incorporated per minute (ct/min) was not significantly

described previously [30]. All protein preparations were stored adifferent between the three subject groups (PBC patierts28,
_20°C before use. 363+ 424, normal controlsn = 14, 411+ 457, CLD controls

n =18, 212+ 214). Median Sl in response to PDC-E2/X (data
Culture given for optimal response in terms of antigen concentration) were

Peripheral blood mononuclear cells (PBMC) were cultured insignificantly higher in PBC patients than in the combined control
© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:562—568
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Fig. 1. Peripheral blood T cell responses to human pyruvate dehydrogenaggig. 2. Responses to human pyruvate dehydrogenase complex (PDC)-E2/X
complex (PDC)-E2/X in primary biliary cirrhosis patients (PBC), normal in primary biliary cirrhosis (PBC) patients with pre-cirrhotic (stages 1-I11)
controls and patients with chronic liver disease (CLD). Values are forand cirrhotic (stage V) disease. Values are for maximal stimulation index
maximal stimulation index (Sl) in each caseedian values for each (SI)in each case. Median values for each subject group are indicated by a
subject group are indicated by a horizontal bar. Responses to humaiforizontal bar. Positive responses to E2/X are seen more frequently in pre-
PDC-E2/X are significantly higher and more frequent in the PBC groupcirrhotic than cirrhotic patients, although this difference does not reach
than in control groups. statistical significance.

group (PBC 37 (range @B-184), controls 13 (01-91),

P = 0-02) (Fig. 1). The responses seen in the two control groups v(30-0) a (24.3)
showed no significant differences between normals and CLD v(23-9)
subjects (normals-3 (05-82), CLD 1.35 (01-91), P = 09).
Of PBC patients, 15/28 (58%) had a positive response to human 20
PDC-E2/X, compared with 5/32 (18%) controls. This difference
was significant® = 0-003). Within the control group two normal v
controls and three CLD controls showed positive responses to v v
human PDC-E2/X. When PBC patients were subdivided according
to disease stage, median Sl in response to human PDC-E2/X was 15[~ v v
4-2 (range ®—-184) in patients with pre-cirrhotic PBh(= 21), v
and 09 (03-181) in patients with cirrhosisn(=7) (Fig. 2). 7] v v
Positive responses were seen in a higher proportion of patients v
with pre-cirrhotic disease than cirrhotic (13/2dersus 2/7), 10 — v
although this did not reach statistical significance. N v
v A

A Vv
T cell responses to human PDC v A Vv
Unlike T cell proliferative responses to human PDC-E2/X, which 5 M ——
were largely restricted to PBC patients, responses to whole human wY v
PDC were seen in a significant proportion of normal and CLD a v
controls as well as the PBC population (Fig. 3). Median Sl in vy ‘ v
response to PDC (data given again for peak response only) was Vv" ¥y,
4-65 (range 8-300) in PBC patients and-3 (001-243) in the PBC Normal CLD

f:sogicrjlscgr;gollasgc_C%‘:fgég:jpv%ﬁ:hpig?;zts’c;girzg’si?g_2')pc:\'ls:)tlve Fig. 3. Peripheral blood T cell responses of primary biliary cirrhosis (PBC)

o . . ’ I%Jatients and controls to human pyruvate dehydrogenase complex (PDC).
significant differences were seen in the control group betwee Values are for maximum stimulation index (SI) in each subject in response
normal and CLD controls. The responses seen to the whole PD¢, ppc. Median values for each subject group are indicated by a horizontal
may be accounted for by the responses seen to the isolated PDC-kdy. pifferences in the frequency and magnitude of responses between
component. Positive responses to PDC-E1 were seen in 20/28 PBggoups are not significant. CLD, Chronic liver disease.
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patients compared with 16/32 control3£ 0-2). Median Sl were:
PBC, 49 (range @-207); normal controls, 2 (0-2—165); CLD
controls, 35 (01-202).

Epitope localization within human PDC-E2

In order to localize significant T cell epitopes within PDC-E2, T
cell responses were measured to the isolated domains of the
protein. Cleavage and purification of the catalytic and lipoyl

12

10

(¢ ]

domains of PDC-E2 have been described previously [28], and
highly purified preparations can be obtained using this biochemical

kD

e -6

Cat Lip

Fig. 4. Analysis of lipoyl and catalytic domains of human pyruvate

» 6

PDC-E2 Lip Cat

Fig. 5. T cell responses to human pyruvate dehydrogenase complex (PDC)-
E2/X, isolated PDC-E2 lipoyl domain (Lip) and isolated human PDC-E2
catalytic domain (Cat) in a series of primary biliary cirrhosis (PBC)
patients. Responses seen to each of the antigens in individual patients are
linked by lines. Open symbols represent the responses seen to PDC-E2/X,
lipoyl and catalytic domains in patients previously demonstrated to be non-
responders to human PDC-E2/X. Sl, Stimulation index.

approach (Fig. 4). Responses were measured using the same T cell
proliferation assay approach in a further series of PBC patients
(n=29, three of whom had previously been demonstrated to be
non-responders to human PDC-E2/X, and six to be responders)
(Fig. 5). Positive responses were seen to PDC-E2 in 6/9 patients,
matching the response pattern seen for these individuals in the
initial PDC-E2 response experiments. In the human PDC-E2/X
responding group, responses were seen to isolated lipoyl domain in
5/6 subjects and to isolated catalytic domain in 6/6 subjects. No
responses were seen to either lipoyl or catalytic domain in the three
subjects showing no responses to whole PDC-E2. These constitute
an important internal negative control group.

DISCUSSION

In the experiments outlined here we have demonstrated autoreac-
tive T cell responses to a tissue-derived, fully functional, human
autoantigen in a human autoimmune disease, PBC. This represents
one of the first demonstrations that T cell responses in human
autoimmune disease are truly autoreactive, as responses have been
measured to a natural, functional enzyme complex. Study of
autoimmunity in humans has often been hampered by failure to
identify the important autoantigens (e.g. in primary sclerosing
cholangitis [31]), or by difficulties in obtaining purified autoanti-
gen in sufficient quantity from human sources to make possible
study of autoimmune mechanisms and epitope identification.
Several approaches have been used to solve the problem of antigen

dehydrogenase complex (PDC)-E2 on SDS—PAGE followed by stainingavailability. One approach, in the case of highly conserved anti-

with coomassie brilliant blue.

gens, is to use homologous antigen derived from an alternative

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:562—568
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species. This approach has been used in the study of responsesthe responses seen in these previous studies are indeed directed at
acetylcholine receptor in myasthenia gravis, with electric orgarthe natural self-antigen and, taken together, these studies suggest
acetylcholine receptor derived from the Torpedo substituting forthat T cell responses to PDC-E2/X have an important role to play in
the sparse and difficult to purify human skeletal muscle acetylchothe pathogenesis of PBC.

line receptor [7,32], and indeed in earlier studies of PBC, which The human antigen preparation used in the experiments
used bovine heart PDC as a substitute autoantigen [17—19]. Feeported here contained both PDC-E2 and protein X (which
such studies to be relevant it is essential that there is adequat®-purify). It was therefore not possible to determine whether T
homology between the substitute antigen and its human equivalentell responses were directed against both PDC-E2 and protein X.
As the precise autoepitopes are unknown for most autoantigenghe data regarding responses to recombinant PDC-E2 [19,20] and
and single amino-acid variation within these epitopes can signifisequence-specific peptides [21], neither of which contained
cantly alter peptide binding to MHC and presentation to the T cellprotein X-derived epitopes, suggest that at least some of the
receptor [33], the relevance of the response seen to even highlesponses seen to PDC-E2/X are directed against the E2 compo-
conserved foreign antigens to the actual autoreactive responseent. There are some data available, however, to suggest that
seen in the autoimmune state remains subject to doubt. Theesponses to protein X may be particularly important in biliary
potential problems are highlighted by one study of T cell respon-epithelial cell damage [34]. The true significance of T cell
sivity in myasthenia gravis, in which it was demonstrated that T cellresponses to protein X in PBC remains to be clarified.

lines raised to recombinant human acetylcholine recepsuwbunit We have extended the study of T cell responses to human PDC-
failed to cross-react with antigen derived from Torpedo, the usuaE2 in PBC by attempting to localize the significant T cell epitopes
source of substitute antigen [32]. within the molecule. T cell responses were measured to isolated

A second approach to antigen preparation is to use recombinaripoyl’ (containing the N-terminal inner and outer lipoyl domains
DNA technology to synthesize polypeptides in a foreign host oncgoined by a flexible linker sequence) and ‘catalytic’ (E1/E3 binding
the relevant human gene has been cloned. Recombinant humamd catalytic domains similarly linked) domains of PDC-E2
protein has been used in the study of a number of autoimmungenerated from the whole molecule by partial tryptic digestion
diseases, including PBC, in the studies of Gershwin and colleagud28]. Responses were seen to both the lipoyl and the catalytic
[19,20]. Although the use of recombinant protein has the advantagdomains in a series of PBC patients showing positive responses to
that there is sequence identity with human antigen, there arbuman PDC-E2/X, suggesting that there are T cell autoepitopes in
potential disadvantages. If the recombinant protein is overboth the lipoyl binding and catalytic regions of the polypeptide.
expressed in bacterial systems then contamination with eveiihe lack of response to either the lipoyl or the catalytic domain in
minute quantities of bacterial protein or cell wall material canthe PDC-E2/X non-responsive PBC patients forms an important
give rise to antigen preparations which can stimulate T cells andhegative control, and confirms that cryptic epitopes are not
other mononuclear cells to proliferate, giving a spurious appearancgenerated by the partial tryptic digestion process. The wider
of autoantigen specificity. Although eukaryotic expression systemslistribution of T cell epitopes within PDC-E2 is in marked contrast
help to solve this problem, the generation of large quantities of purgo the B cell epitopes which are largely restricted to the inner lipoyl
antigen often remains difficult. A second disadvantage of thedomain, and absent from the catalytic domain [35,36]. The
recombinant approach is that the truncated nature of many of thebservation that T cell autoepitopes are not limited to the lipoyl
proteins used, together with differences in folding and/or post-domains is in keeping with two previous studies, which have
translational modification which occur in prokaryotic compared demonstrated, first, that some PBC patients responsive to bovine
with eukaryotic systems, means that the tertiary structure of th&DC-E2 show no T cell response to recombinant lipoyl domain
recombinant antigen is likely to be different from that of the natural[19], and second, that primary proliferative T cell responses are
human protein. This may have important effects on entry intoseen to a pool of synthetic peptides spanning the catalytic domain
antigen-processing pathways and peptide derivation. Such alterf21]. One possible explanation for the wide distribution of T cell
tions to processing, and hence presentation, may result in generati@utoepitopes in PDC-E2 is that it results from epitope spreading
of ‘silent’ epitopes not normally presented and of limited physiolo- within the antigenic protein, a phenomenon demonstrated in other
gical relevance. The use of peptides synthesized from the knowautoimmune responses, most notably in the responses to glutamic
sequence of an antigen gives rise to similar problems by bypassinacid decarboxylase in the non-obese diabetic (NOD) mouse [37].
the normal pathways of processing and presentation altogether. The patients studied here all had relatively advanced, and hence

In the experiments described here we have addressed theSmmunologically mature’, disease. We are currently extending
problems by studying T cell responses to a human autoantigethis study to patients in the earliest stages of the disease to see
purified from human tissue. We have demonstrated that T celivhether a more limited T cell epitope distribution occurs.
responses to human PDC-E2/X, which are truly autoreactive in The PBC-specific nature of the T cell response to human PDC-
nature, are largely restricted to patients with PBC, being absenE2/X is in contrast to the response to human PDC itself, which is
from all but a small minority of normal and CLD controls. It is seen in significant numbers of normal and CLD controls, as well as
important to note that the PDC-E2/X purified from human heartPBC patients. This response to the whole complex in all subjects is
muscle in these experiments is intact, retaining enzymatic activitydirected primarily against the E1 component. T cell responses to
following in vitro reconstitution of the whole complex. The T cell other autoantigens have been noted in apparently normal indivi-
responses detected in these experiments are therefore directddals [7,8,32,38—42], although previous studies in PBC are contra-
against autoepitopes processed by host antigen-presenting cetl&ctory, with different studies showing responses to bovine PDC
from a whole self-protein to which they are immunologically and PDC-E1 to be both present [17] and absent [18,20] in control
exposedin vivo. These findings complement and extend thosesubjects. Such observations in PBC and other autoimmune diseases
from other studies using recombinant PDC-E2 [19,20], xenogeneisuggest that thymic deletion of some potentially autoreactive T
PDC-E2/X [17-19] and synthetic peptides [21], and confirm thatcells is incomplete, possibly resulting from low autoepitope
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affinity for MHC class Il leading to low-avidity T cell recognition 14 Yeaman SJ, Fussey SPM, Mutimer &Jal. Primary biliary cirrhosis:
and escape from clonal deletion [43]. The low incidence of identification of two major M2 mitochondrial autoantigens. Lancet
pathological autoreactivity in the general population suggests, in 1988:i:1067-70.

turn, that effective mechanisms must exist for the peripheral15 Fussey SPM, Guest JR, James O#l. Identification and analysis of
control of these potentially harmful cells. It has been suggested tshe. ngrl'\g;;‘;é%%n;fegs in primary biliary cirrhosis. Proc Natl Acad
that retention of these autoreactive cells, far from being coinci- ¢ T e

. . . o . 16 Van de Water J, Fregeau D, DaviePal. Autoantibodies of primary
der_ltal, has a phyS|olog|c§1I rolg n p_rOVIdlng a repertoire of cells biliary cirrhosis recognise dihydrolipoamide acetyltransferase and inhibit
which can cross-react with microbial homologues of the self-

enzyme function. J Immunol 198841:2321-4.

protein to which they are reactive. This has the effect of providingl7 Jones DEJ, Palmer JM, James OFval. T-cell responses to the

an ‘instant immunological memory’, allowing effective and rapid  components of pyruvate dehydrogenase complex in primary biliary

immunological response to microbial infection [44]. It is perhaps  cirrhosis. Hepatology 19921:995-1002.

relevant that patients with acute tuberculosis appear to mount anti8 Lohr H, Fleischer B, Gerken @t al. Autoreactive liver-infiltrating

PDC responses, with the inherent potential for autoreactivity, in T cells in primary biliary cirrhosis recognise inner mitochondrial

response to mycobacterial infection [45]. epitopes and the pyruvate dehydrogenase complex. J Hepatol 1993;
In this study we have uniquely used natural human protein to, 18:322-7.

identify significant T cell autoantigens in a human autoimmune19 Van de Water J, Ansari A, Prindiville Bt al. Heterogeneity of
. 9 . o 9 L . autoreactive T-cell clones specific for the E2 component of the pyruvate
disease. The identification and characterization of the autoantigens dehydrogenase complex in primary biliary cirthosis. J Exp Med 1995;

in PBC may allow the future use of immunotherapeutic approaches 1g1.723-33.

to the treatment of this difficult and unpleasant disease. 20 Van de Water J, Ansari A, Surh G al. Evidence for the targeting by
2-oxo-dehydrogenase enzymes in the T cell response of primary biliary
cirrhosis. J Immunol 199114689—-94.
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