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Autoimmune hemolytic anemia (AIMHA) is an autoimmune disorder in which autoanti- ;
bodies are directed against an individuai’s own red blood celis (RBCs), leading to |
enhanced clearance through Fe receptos (FeR)-mediated phagocytosis. Although there | |
is a large literature relating to clinical aspects of AlMA, relatively little work addresses :
how IgG auvtoantibodies are actually produced against RBC auteantigens. This review |
will first discuss the current understanding of autoimmunity in general and then focus §
on the knowledge of the immunopathogenic mechanisms responsible for autoantibody ;
production in AIHA. Both human and animal studies will be discussed. Understanding !
theses mechanism is vital for daveloping antigen-specific immunotherapies to treat the i
disease, '
Seimin Hematol 42:122-130 ©@ 2005 Elseviar inc. All righis reserved.
he existence of autoimmune diseases in humans has been Normal Immu nity
known for almost 100 years. Currently, autoimmune ‘
pathogenesis bas been atributed to mare than 40 human The initiation of a humoral immune Tesponsg o a forgign
Uinesses, yet it is still not clear what immune abnormalities antigen is a complex biologic assoctation of mizny cell Zﬁﬁs
conclusively prove underlying autcimmune pathogenesis. and their secreted products. Response occurs when an apt-
Autoreactivity, by definition, designates a specilic adaptive gen, such as a cell surface glycoprotein, fivst inb}era!cts with an
mimune response against self-antigens. Normally, there is antigen-presenting cell (APC).! APCs are generally major his-
tolerance to self-antigens, achieved by physical deletion or tocompatibility complex (MHC) class Hl-positive magro-
functional silencing of specific T and B cells. How tolerance phages or dendritic cells and, in certain mstances, B cglls.
fails and autoimmune disorders arise temain incompletely After internalization by the APC, the antigen is processed into
widerstood. Organ-specific antoimmune diseases are di smaller antigenic fragments by proteotytic dﬁglfadﬁ}*@ﬂ ' The
rected primarily at the awtoantigens of particular tissues: in- antigenic peprides are then transported to the cell membrhne
sulin-producing B celis in type I diabetes, platelets in auto- of the APC, where they are re-expressed in conjungtion With
immune thrombocytopenic purpura (AITP), and red blood MHC-encoded class 1l molecules for presentation (n antigen-
cells (RBCs) in autoimimune hemelync anemia (AIHAY These speoilic "I’—Ahx:ip:;‘,r (Thy tymphocytes, V?'ihcﬁ U];t". M ~peD-
two hematologic disorders are mediated by autoantibodies tide complexes are recognized with sufficient affinity by I
andl, as with all orgar-specific autoantibodies, the antibady cell receptors (TeRs) on a CD4* Th cel, antigen-spedific
production is dependent on T-cell activation, This review signal 1 is triggered and initiates a set of coordinated mokec-
will outline current concepts of autolmmunity and evidence ular events in both the APC ar.gi the T.celi ﬁmr‘ cuE;nina; as
for the etiology of ATHA. signal 2 (costimulation) and [ull T-cell aa‘iiva:tio'ﬂi (such as
' CD40-mediated upregulation of B7 molecules dn 1t e APCE).”
These T-cell/APC events can stimulate ami.gen—ﬁ;rrirr ed B oplls
to differentiate into plasma cells and secrete antige -specific
ariibodies. Thus, sny defect in or abnormal s;ﬁm tlation) of
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Pharmacology, Medicine, and Laboratory Medicing and Fathobiclogy, ant immiume response. Th cells are vital in | determining
University of Toronto, Canadian Bload Services and the Toranto Platelet whether aniibodies will be generated against a§ for ;ig,n Amti-
fmmunobiology Group. Toronie, Ontario, Canada, N genand, once generated, in regulating the response by stn-
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Figure 1 Central and peripheral tolerance. The pathways that lead 1o the evasion of tolerance are hoxed.

T-Cell Tolerance

Normally, a host does not mount an irmmune response
against its own antigens; it behaves as if it is inwnunologically
“ignerant” or tolerant. Timmunclogic tolerance s the acquisi-
tion of unresponsiveness to sell-antigens and is essential for the
preservation of the organism. The major theories (Figure 1) pos-
tulate that T-cell tolerance (Figure 1) is induced either by (1)
clonal deletion of high-affinity self-reactive T cells within the
thymus, called “central lerance”™; or (2) by muoreactive T
cells being deleted or rendered anergic by specific and non-

specific mechanisms in the extrathymic mﬂ;.eu, or “periph-
c—:ral telerance.”

Central Tolerance

Thymic selection is the central process by which the genera-
don of TeR diversity against self-antigens is limited. As a
developmental process, T cells with a biased repertoire are
selected for exportinto the periphery.® In the course of pos-
itive selection, T cells that intevact only weakly with self-
peptides presented in the context of MHC molecules are
chosen, while those that do net effectively interact with
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several mechanismes that maintain telerance in the periphery.
For example, naive T cells triggered only by a signal through
the TcR lose their ability to proliferate and hecome anergic.
However, the presence of certain cytokines or costimulatory
interactions can avoid the induction of anergy or reverse an
anergic state In addition, T cells that are activated in the
periphery eventually underge activation-induced cell death
(AICIN.* ALCD is thought essential for the down-modulation
of the normal immune responses and the re-establishment of
immune homeostasis. Impairment of AICD may lead to con-
tinued immune activation and generalized autoreactvity. For
CD4 lymphocytes, AICD appears to be Fas/Fas-L~depen-
dent, but i is not clear which interactions control AICD in
C8 cells. Purthermore, molecules that can deliver specific
negative signals, such CTLA-4, are involved in the “turning
off” of antigen-specific T cells. Of interest with respect to
AIHA, a point mutation within the CTLA-4 gene is 2 major
predisposing facier w the development of auteantibodies.”
Other factors, such as regulatory T lvimphocytes and APCs,
may aiso play important roles in maintaining peripheral tol-
erance.

Factors Affecting
Initiation of Autoimmunity

Several factors affect the initiation of autolmmune responses:
the nature of the antigenic stimulation, the genetic composi-
tion: of the host, the environment 1o which the host is ex-
posed. and the immune regulatory circuits utilized by the
host,

Autoantigens

A major challenge in most human autoiminune disorders is
the identification of initiating autoantigen(s). Candidate au-
teantigens have beer idemtified in several autcimmune dis-
eases, Including type 1 diabetes, rudiiple sclerosis, thewmatoid
arthritis, ATTP, and AIHA, Tn ATHA, {or exanple, autoantigenic
T-cell epitopes have recently been mapped for the ®hD auroan-
tigen.” Whether any of these autoantigenic sites are actually
involved in initfation of the disease remains unclear and con-
rroversial. Understanding the fearares that constitute an ideal
candidate autoantigen and the parameters by which these
antigens ave identified as the initlating factor is crittcal to
preventive or therapentic interventions.

Genetic Relationships

Many lines of evidence indicate the association of organ-
specific autoimmune diseases with certain haplotypes of the
human leukocyte antigen (HLA) complex. in general, MHC
class I or class 11 genes predispose an individaal to a certain
autoimmune disease by, for example, enhanced presentation
of exogencus pathogenic peptides in the periphery or im-
proper presentation of self-derived peptides in the thymus.
For example, the human HLA-DQS molecule has been asso-
clated with ATHA® In additien, in a murine mode] of ATHA
the preduction of RBC autoantibodies is under multigenic
control ouside of the MHC.? For most argan-specific auto-

pumune disorders, the genetic links are Compimc
lute, and many susceptibility and resistance gen
cert to modulate autoimmunity, j

Environmenta!l Causes
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acute AITP spontanecusly remit withour therapy
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Other inflammatory stimuli may similaly trigger or en-

hance autoimmunity. The gut harbors thousands
bacterial strains and viral infecrions. The mucos:
permeable for various molecules and nutrients and
significant interaction with the environment, whi

circumstances may predispose individuals tolautoimmiine|
attack Y The cornmensal flora also are critical 1o nmaintainiing
proper immune activation and function. The balante of these
factors may determine whether autoimmunity bedurs.
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Regulatory Circuits in Autoimmunity |
Once Th cells are activated, their responses can be

distinguished by their secreted cytokine prodisces.
response is characterized primarily by the pregenge of injer-
macrephhee
colony-stimulating factor (GM-CSFO, and fumor necrgsis
factot {TNF) -« and is associated with delayed-type hypersen-
sitivity reactions and the synthesis of primarily compleragne-
4, EL—) 18-85,

leukin (IL3-2, interferon (IFN)-vy, granulocyte

fixing Ig(s isotypes. Th2 responses produce IL
IL-10, and 11.-13 and are superior in mediating qor
ment-bxing IgG and particularly 1gE synthesis, A
of Th response, ThO, is thought to be generaref] by

differentiated than those mediating Thl and Th2 1
since many ot ail of the Th1/Th2 cytokines are presant. THese

cytokine responses are the resalt of coordinated

wween APC and Th cells. The nature of the cytoking

is wirimately responsible for the particular obtcg
imraune response, as for generating a pmtmu,l
antibody to remove the initial antigenic nsuit. Thl
are generally associated with active orﬂan»spemﬁ
munity, and resolution of autoimmunity is Iihm
related to Th2 responses.
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tute a multitude of positive, as well as negative, feedback
foops that can become deregulated.'® For example, certain
cytokines can negatively or positively influence the produc-
tion: of other cytokines (as in the Th1/Th2 paradigr) and
thus determine the balance between pro- and anti-inflamma-
tory factors in the local environment.!* Cytokine networks
operate redundantly. and cytokines and chemokines share
common receptors and are likely mediators of bystander ac-
tvation processes. These pathways may ofler effective targets
for therapeutic cytokine/chemokine-blocking antihodies.,

Apoptosis

Stimulation of the immune system is foliowed by a process
thal reverses activation and re-establishes homeostatic base-
line fevels of immunity.* In the absence of such regulatory
mechanisms, immune responses escalate and excessive auto-
Immune pathology may occur. Thus, activation-induced
progravimed cell death is believed o play an important role
in regulating autoimmunity, and defects of apoptosis are re-
lated to autoimmumity, including ATHA. ™8 For example,
defective apoptosis of autoaggressive T cells expressing 1L-2
receplors may play a role in initiating ATHA pathogenesis.
Thus, an ongeing autoimmune process can be viewed as a
fine-tuned but fragile equilibrium of aggressive and regula-
Loty components: the precise activation kinetics and survival
times of all lymptiocyte types implicated in the process will
deterimine the outcome.

Kinetics

The pathogenesis of autoimmunity is related to the kinetics of
immune responses. The pathophysiologic or benelicial effect
of a lymphocyze population depends not enly on its specific-
ity, activation state, and effector functions, but s alse s func-
tibn. of timing—the phase of an ongeing disease process in
which it is present. Inflammatory cytokines such as IFN -y or
TNF- exhibit opposing effects in type | chabetes, clepcznding
on when they are generated.*® Early expression enhances islet
destruction and disease development, whereas laie eXpTes-
sion ameliorates disease by inducing apoptosis of autoaggres-
sive cells, Kinetic issues may constitute a major cbsiacle for
successtul fmmune therapeutic intervention, because they
preclude the use of specific blocking agenss or administration
of cytokines without precise knowledge of their kinetically
differential role in the disease process. Treatments will likely
have to be individualized for antigen-specific immune-hased
interventions.

Autoimmune Hemolytic Anemia

AlHA is characterized by the production of artibodies di-
rected against sell RBCs. Since the autoantibodies ustally are
directed agamst highly prevalent antigens, they often exhibit
veactivily against aliogeneic RBCs as well, The etiology of
most RBC aulvantibodies is not well understood. Idiepathic
or primary AIHA shows no apparent association with an un-
derlying disorder. Given the frequent association between

AlHA and other autoimmune disorders| hpwever| gdheral-

ized Immune system dysfunction, as discugsed abdve

likely

plays a role, and the relationship between ATHA and lygapho-
proliferative disorders and other neoplasfns supports the

concept that failed immune surveiliance daf undelie
Recent studties on animal and human AIHA|sugges} th

ATHA.
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Cold Versus Warm Autoantibofd?eé
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secreting angi-T, anti-I, and anti-Pr; pathogenic autoantibod-
ies. In about 40% of patients, a circulating B-cell clone could
be identified with a distinctive karyotypie marker, such as
trisory 3, trisomy 12, or 48,XX,+3,+12; this chromosomal
aberrancy was associated with chronic idiopathic cold agglu-
tinin syndrome as well as with monoclonal cold aggluiining
secondary to a B-cell neoplasm 2122 Furthermore, the se-
ereted monocional antibodies had the same serologic speci-
ficity and isoelectric focusing spectrotype. Thus, the mono-
clomal cold agghitinins were derived from the associated
{pre-neoplastic B-cell populations found in patizms 227 Iy
has notbeen possible as yet to generate relevant stable in vitro
cell lines to provide a continucus source of homegeneous
antibody for antigen-binding and structural analyses.

Cold agglutinins increase during viral or bacterial infec-
tions; the typical infectious etiology is mycoplasma pneumao-
nia or infectious mononucleosis in an adolescent or a young
adult. The I/ carbohydrate structure is present both on RBCs
and lewkocytes, as well as on macrophages, platelets—and
bacteria. The sialylated form on glycolipids of the 1/ antigens
expressed on the RBC surface may act as a Mycoplasma preu-
moniae receptor, and the increase in cold agglutinin levels
induced by mycoplasma infection may be due to common
antigenic epitopes on RECs and mycoplastna. Some evidence
indicates that the binding of mycoplasma to its receptor
could be indirectly responsible for cold agglutinin-producing
B-cell clone activation. Other inlections associated with cold
apghatinin syndrome include adenovirus, cytomegalovirus
{CMV), influenza viruses, varicella zoster virus (VZV), hu-
man immunodeficiency virus (HIV), Escherichia coli, Listeria
monocytogenes, and T pallidum. ATHA and infections are also
related in pavoxysmal cold hemoglobinuria (PCH); while
both idiopathic PCH and PCH secondary 1o syphilis are
chronic processes that have become increasingly uncommon,
today most cases of PCH have an acute transient parhology
secondary to infection, ofien antecedent upper respiratory
infection, the cause of which may not be identified, Agenis
associated with PCH include measles, rmumps, CMV, VZV,
adenovirus, influenza A, Mycoplasma prewmoniae, Hemphilus
influenzae, and E coli, and possibly also vaccinaton for mea-
sles. In PCH, the antoantibody is a cold-reacting 1pG, always
polyclonal, that reacts with the ¥ antigen, a polysaccharicie usu-
ally fixed to a ceramide moiety.

With regard to structaral studies of cold aggludnins, cross.
regctive 1diotypes have been found among RBC aunoantibod-
fes®; this cross-reactivity appeared o be restricied to RBC
autoantibodies with similar specificity. One raonoclonal an-
tiidiotypic antibody (8(4) recognized an idiotypic determi-
nant present on the heavy chains of both anti-Iand anti-i cold
aggiutinin as well as on neoplastic B cells secreting cold ag-
glutinin.?* This idiotype was found in 47 of 48 pathogenic
anti-1A cold agglutining, and both the anti-I and anti- cold
aggiutinins derived from a distinet subsel of Vg4 family
genes, Vy4.21.2%7% The remarkable finding of restriction in
the variable region genes utilized for the anti-U1 heavy chains,
along with diversification in the asseciated light chain vari-
able-region gene usage, suggests a model tor the relative con-
tribution of heavy and light chains to antigen binding. Prac-

tically, the similarities in idiotypic structure pmjong cdld
agglutinin heavy chain variable regions, and the [ability jo
generaie antiidictypic antibodies specific for thege siructurgs,
suggests exciting potential thevapeutic applicatigng for these
reagents to downregulate autoantibody production. In cop-
trast to the structural uniformity of anti-1 f.‘oic'i;aggiutinins,
substantial struetural differences have been shown inanti-Fr,
cold agglurining?® and, in the Pr,-specific resporise | sel-anji-
gen may play a role in the pathogenesis of the aujoreactipe
Bcell neoplasm. ™ '

IgM autoantibodies generally react with pdlvsﬁcr:i'mriﬁ.c
antigens on the RBC surface, and 1gG warm au@cn neibodie
generally react with protein antigens on the RBC sutlace. 1y
autoantibodies are typically pmaggiutmms‘ reacting with pl
RBCs, and by immunoblotting they may react withi Rh anfi-
gens, membrane protein band 4.1, protein band 3| and gly-
cophorin A as universal RBC targets. The agsociation of
warm-type ATHA with systemic autoimmune disofders -
plies that these RBC autoantibodies, in contrast to clpnal coid-
reactive auroantibodies, might atise from polyclonal pctivatipn
rather than in response Lo activation by specific (s¢lf-)antigery’
Furthermore, warm-reacting auicantibodies, when associaifid
with a clonal B-cell lymphoproliferative disorder, are not ge-
creted by the neoplastic B: they differ in isotypefrom imuu-
noglobulin expressed by the malignant B cells. As ap alterga-
tive etiology, warm-reacting 1gG RBC autoantbody might
arise from immunologic network interactions inkoly fm.g anjti-
idiotypes. ® L

=Y

Autoantigens and E
Environmental Factors in AIHA
The major antigenic sites involved in warm ATHA aye the Rh
complex and glycophorin. For the proteins of the Rh cofn-
plex, the epiiope against which the autoaniibody is directpd
is nost commonly nonpolymorphic and preser%i irs all indhi-
viduals {except those with the rare Rh mull phenatype). jin
same cases, the epitope may inclade some or 21l of the poly-
morphic portion of the protein that defines a spekific antigén;
more rately, it is divected to a specific blood groupl antigdn.
Equally frequently, antibodies in ATHA also redy bé specific
for antigens on the major glycoproteins of the RBC mefn-
brane. The epitopes are usually amino acid sequendes in fhe
nonpolymorphic portions of the molecule gfmd tarefy,
epitopes on other proteins of the RBC membrane. |

As described above, different bacterial or vital molecufes
can act as B-cell stimulators, and ATHA is ofter] a compliga-
tion of viral infections. The role of viruses in £§§e etiology of
autoimmunity has been proposed to be secoud'm: o anti-
genic miticry, production of antiidiotypic antbodigs agaifist
viral recepiors, antigenic epitope modification, and B-dell
polyclonal activation. After intracerebral inoc ulatioh of lygm-
phocytic choriomeningitis (LCM) virus, mide develogjed
AIAY, the fmmune hernolysis was strongly reduced jby
treztment with CD4 antibody, suggesting thatithe [virus-n-
duced ATHA was a Th-dependent autolmmune event.

As discussed elsewhere in this issue, diugs may Be asscui-
ated with AIHA* as a result of several types f in§e1'act on
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among drug, antibodies, and RBC membrane componens.
Alpha methyldopa is the prototypical drug operating by the
induction of antoaniibodies; these are typically panreactive,
although specificities have been described. Other drugs that
can induce autcantibodies include levodopa, mefenamic
acid, procainamide, and diciofenac: {or these, the antibody
reacts with a normal membrane component and the epitope
does not involve the presence of a drug—they function as
true autcanibodies. The drug may alter antigens on the RBC,
resulting in production ol antibody that cross-reacts with the
unaltered aunigen. While the exact cause of merhyldopa-in-
duced AIHA hes not been established, it 1s likely that the
drug, a known protein-teactive “tanning” agent, alters ore of
the components of the Rh comples, rendering it anlipenic;
the resultant antibody is able to cross-react with the normal,
unaltered epizope.

Transfusion and AIHA Autoantibodies

The most obvious association of auteantibody formation fol-
lowing transfusion is seen in sickle cell disease and thalasse-
mia: 9% of sickle cell disease patients develop RBC autoanti-
bodies.® The phenomenon of RBC autoantibody formation
massociation with blood transfusion is not well understood.
Alloantibodies may bind to transfused red cells and cause
conformational changes in the red cell antigenic epilones,
leading to srimulation of autoantibody formation.® Alierna-
tively, since antibody formation has been observed particy-
larly in multitransfused sickle cell disease, some patients may
simply have a predisposition to develop RBC autoantibodies,
perhaps because of an overall dysfunction of their iminune
systems.”*” The development of RBC cold autoagglutinins
was observed in animals following repeated injection of red
cells and has occasionally been seen in humans associared
with delayed hermolytic transfusion reactions. The develop-
ment of autoantibodies also occurs afier an episode of RBC
destruction by passively administered antibodies and faliow-
ing intensive plasma exchange. Most recently, twa patients
with ATHA suspected to be associated with previous blood
transfusions were described, again drawing attention to a
phenomenon that has been long recognized bus to which
flittle attention has been paid.™ As long ago as 1918, Rous and
Robertson showed that rabbits who had received small trans-
fusions of allogeneic blood developed strong cold autoagglu-
tinins.® 1gG warm autoantibodies sometimes also form in
transfused animals: chimpanzees developed auwloagghutining
after immunization with human RBCs and positive direct
antiglobulin tests (DATS) develop in rabbits and mice afler
injection of allegeneic blood. Worlledge® in a review on
interpretation of positive DATs stated that persistent alloim-
munization may lead evertually to autoimmunization, even
though compatible RBCs are giver. Positive DATs associaled
with delayed hemolytic transfusion reactions may remain
positive for up to 300 days, well beyond the presence of
transtused RBCs in the circulation, leading to the hypothesis
that the original alloantibody developed autoantibody char-
acleristics.¥# There are changes in self-reactive antibody
repericires of plasma gM and [gG after transfusion, indepen-

.
dent of a specific immune response to RBC antigens. "
phage display technology, RNA-derived B-lymphocyt
ertoires from D¥ donors have anti-D reactivity fresemk
typical cold antibody, consistent with other dbsérvations
the B-cell repertorre contains alevel of self-raactivity.*
may somelimes occur because fymphocytes fom pre
transfusions survive and create a grafi-versus-host sitg
post-transfusion survival of [oreign leukocytes| even i
munologically normal individuals, is now well establ
crochim
with aulolmmume disease. ¥ All these data siggest tha
autcantibody development in transfused individuals ray he
the result of either simple cross-reactivity of the/alloangibofi-
les with sell RBC antigens or due 1o determinant spre
during the maturation of the alloantibody re;s_p( inse,

and there is a strong association of such m

Immune Deviation in AIHA '

There is in vitro and in vivo experimental evidenre to st
that quiescent T and/or B cells specific for sdlf-: ntigen;
be activated, if antigen presentation and cdstimhulatic
adequate *® Polyclonal activation occurs it patients
ATHA. RBC autcantibodies were present in both healt)
dividuals and ATHA patients, but the autoantibody leve]
specificities were higher and skewed in the latrer gro
Other research indicates involvement of the ;B—l subpo
ton of B lymphocytes in AIHA®*, unlike canventionaj seff-
reactive B cells in the periphery and bone mdrrow, self
tive B-1 cells in the peritoneal cavity are sephrated from re

celis and may therefore escape clonal deletion.

Dacie™ suggested that acute transient ATHA| may
from RBC antibodies developing as a result of microbi
fection in patients with an unusual ability to develop
bodies, immunologic self-tolerance being perhaps hrold
aresult of the invading organism modifying the anti e
of RBC antigens or by unmasking antigend thar wer
noermally cryptic. In chronic ATHA, self~tolerande may
haps be broken by a failure of T-lymphocyte surveillan
an abnormal T suppressor to T helper ratio, arjd IgA
clency also may play a part. Genetic factors Tnay be s
cant, creating a prepensity to form antibody. In chronig
agglutinin disease, the underlying clonal E}rn@l’io;!rmiifc
disorder with somatic mutation of unknown catfsation
result in the unrestrained proliferation of 1mr.'mm:o<:yies

jcated to the production of cold autoantibodies. |

In support of the hypothesis of seﬁ!ignor:gmczef in hy
AIHA, synthetic peptides corresponding to Rh polype
sequence, the most frequent target for autoantibgdies |
man warm-type AIHA, were 1ested in vitro {of their abil
stimulate normal T cells. %! Multiple peptides provok
cell activation, and their proliferation t:auld%be blocks
anti-HLA-DR aniibodies. Autoreactive T cells infATHA
not be deleted but are anergic to autologous Rh polyper:
and thus immunologically ignorant against; RBE self
gen.®32 Iy addition, there are experimental gdatci that
antibady production in some cases of ATHA is catised b
activation of class [l-restricted helper T cells specific for
tic Rh epitopes™; these autoreactive T cells SCcm 1o e
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clonal deletion and anergy during the induction of self-toler-
ance and remain quiescent, even if the autcantigens they
recognize are present. In ATHA, ignorant T cells could be
activated through independent events, such as persistent
stimulation of cross-reactive environmental antigens or Thl
cytokine-induced changes in autoantigen processing that
trigger the presentation of cryptic epliopes.

in patients with AIHA, background levels of T-cell prolif-
eration in vitro were increased more than twolold that of
controls, consistent with a state of hyperactivation.” How-
ever, after angi-CD3 stimulation, the proliferative response of
the T cells was markedly reduced, while 1L-1¢ and 1L-2 pro-
duction was incressed.* Basal production of 1L-4 and TNF-o
also were increased in cultures of PBMC from patients with
ATHAS Taken together, the data suggest that in human
ATHA, cviokine abnormalities exist and relate to the Th1/Th2
axis; cytokine responses may contribute o the immuno-
pathogenesis of AIHA. More specifically, IL-10 may induce
RBC autoimmunity and mainzain the disease by continuous
autoantibody production %

Animal Models of AlHA
The mouse strains NZB and NZB/NZW spontaneously develop
a complex autofmmune syndrome including AIHA; they have
been extensively studied to identify immumologic factors con-
tribsing to the antoimuune onset of AIFA SRS N7R mice
have provided experimental evidence to support an antigen
induction model of ATHA: RBC membrane band 3, a red cell
anion exchange protein, appears to be the major aniigen for
RBC autoantibodies. Although not all aucoantibodies binding
to band 3 produce pathologic effects, in NZB mice with band
J-reactive Ci4 T cells, pathogenic awoantibodies are
found.’ Similady, in humans, many AIHA patients ex-
pressed Th cells which bind to the Rh antigen on human
RBCs; B eelis, however, were found not to react with the same
epitopes on the Rh antigen, which is recognized by the Th
cells. 3233 Changes indueed in MHC 1T asteantigen processing
might result in the presentation of previcusly cryptic
epitopes to which naive Rlir-reactive T cells respond.®#* This
hypothesis was supported by the finding of another autoan-
tibody in NZB mice for murine RBCs, which binds to a paz-
tially masked epitope when the RBCs are wreated with pro-
tease to enhance cxpression of the epitope.”” The Thi
predominant response to band 3 elicired TFN-+y production,
and this cytokine may promote presentation of the cryptic
epitopes, How a self-reactive T cell might escape clenal dele-
tion o yespond to the self-antigen is stiil not yet fully under-
stood.

That anirnal models antpimmune diseases can be induced
by a Th1/Th2 cell cytokine imbalance may have relevance to
the pathogenesis of human AIHA, In NZB/W mice and AIHA
there is increased production of Th2 cytokine (IL-4 and 1L-
10) but IFN-v is reduced, suggesting that an imbalance of
cytokine immuncregulatory circuits may facilitate RBC auto-
antibody production.** Involvement of Thi cells has been
inferred in the general aucimmune syndrome in NZB/W
mice, and TFN-v, 2 ThI eyrokine, can promote B-cell maru-

ration and pathologic amibody generation, accelerdting dd-
velopmem of the syndrome. Continuous administation 4f
anti-11-10 antibodies delays the onset of autoifm Iunity i
NZ.B/W mice, due 1o increase of TNF-a., whereas 1L-10 ac
ministration accelerates its onset, ™ Furthermore, administry-
tion of 1L-5~ and 1L-10-activated peritoneal Bl 5&1].55 cap
induce AUHA inn transgenic mice 3% :
Sell-reactive autoantibodies exist in the pﬁnph: rai Ly
phoid organs of normal animals. The simplest explal pation is
that the B czlis that make the autoantibodies already exist ii
the peripheral lymphoid comparnment, awaiting the propdr
stimulus. Transgenic mouse models have provided ¢onving-
ing evidence of the existence of such B cells. Whan the ¥
genes that came from an actual RBC autvantbody, originally
obtained from a NZB mouse with AIHA, were expressed th
tratsgenic normai mice, cenual deletion was %eet;‘z i most df
the anmmals, but many also had some residual auior active B
1

e

v

cells in spleen and lymph nodes, and some otherwis  NOTTIA)
mice even developed frank AIHA. Central self-tplerandg
therefore is not completely efficient, even in a nondautoing-
mune mouse, and some autoreactive B cells can be stimulatefd
1o cause disease. Oral administration of lipopolysaceharidgs
{LPS) to HL mice with H and L chains derived from NZB mide
induced peritoneal Bl-cell secretion of RBC autpantibodids
in the gut lumen and resulted in ATHA. %58 Th2 cells could
cause AIHA by 11-5 and 1L-10 induction of auhaannboé)-
secreting Bl cells. Purthermore, elimination of B ells n
only reduces the amournt of IgM autcantibody ?:)m also i
ameunt of [gG autcantibody, demonstrating B1 c;cﬂ irvolvi
ment i [gG, as well as IgM, production.®? '

[

Conclusions

i I
The immunopathogenic etiology of AIHA remains po'orh k-
derstood. Generalized dysfunction of the immpne: systep
and immune surveiliance likely are involved. Disruption of
any of the processes or conerol points that maintain abalands
between tolerance of RBC self antigens and rheinedd 1o rg-
spond to foreign antigens may be a cause of the pnser ¢f
ATHA. While RBC autoantbodies may arise froth malignamt
B-cell clones, in AIHA the autoantibodies are ﬂeriem Iy poly-
clonal. Superimposed genetic and environumentat factors algo
play arole in the production of autoantibodiesin ATHA Mote
research to clearly map the underlying immune dgfects jn
ATFIA may lead to the development of more antigerspecific
therapies for ATHA. ;
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