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Abstract. Autoimmunity is characterized as a state of abnormal specific humoral and cell-mediated responses
a� gainst constituents of body tissues. One time-honored approach to explaining the pathogenesis of autoimmunity
h

	
as been application of the Koch’s postulates, on loan from the field of microbiology suggesting that autoanti-

b


odies and/or autoreactive T cells are the presumed “pathogens” of autoimmunity, and that passive transfer of

t
�
hese autoimmune factors to susceptible animals will result in the induction of the autoimm� une disease. We

suggest that autoimmunity is not in many cases due to the presence of factors leading to the autoimmune response
in those susceptible. Instead, it is the lack o
 f a factor which leads to the development of autoimmunity, a factor
(cytokine, protein, gene, etc.) which is present in the healthy individual and normally prote� cts in from disordered
i

�
mmune regulation. We propose to direct more research into therapeutic modulation of autoim� munity by admin-

istration of putative “protective factors” , rather than by attempts to depress or remove aut
�
oreactive cells and

a� ntibodies from the autoimmune.
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Autoimmunity is characterized as a state of abnor-
m� al specific humoral and cell-mediated responses
a� gainst constituents of body tissues. Recent break-
t

�
hroughs in immunology research have directed in-

c� reasing attention to the pathogenetic mechanisms lead-
i

�
ng to the loss of tolerance to self-antigens, and

a� utoimmune disease. Traditional research in this field
h

	
as focused on the animal model or the human with

a� utoimmune manifestations, attempting to define the
a� bnormal factor or element leading to and responsible
for the autoimmune process.

O
�

ne time-honored approach to explaining the pa-
t

�
hogenesis of autoimmunity has been application of the

K
�

och’s postulates, on loan from the field of microbiol-

o
 gy5
�
. These stipulations must be demonstrated in order

t
�
o prove a causal relationship between a microorgan-

i
�
sm and the disease in question. Put simply, it must be

shown that:
1) the microorganism is regularly isolated from the

c� ases of the illness:
2) the organism must be grown in pure culture;
3) w� hen such a pure culture is inoculated into a sus-

c� eptible animal species, the typical disease must result;
4) from each experimentally induced disease, the

microorganism must again be isolated.
I

�
nserting autoantibodies and/or autoreactive T cells

a� s the presumed “organism” (pathogenetic factor),
a� nd autoimmunity as the “disease” into these Koch’s
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p� ostulates, will indeed seem to support a relationship
o
 f causality between autoantibodies and autoreactive
T cells, to the autoimmune disease process.

D
�

espite the appeal of this theory, when so presented,
c� ertain lines of evidence have raised some basic doubts
regarding its validity. As a rule, adoptive transfer of
d

�
isease from a sick animal or human to a healthy host

w� ith autoantibodies or autoreactive T cells is usually
u� nsuccessful, without co-application of special proce-
d

�
ures such as irradiation and/or cytotoxic therapy, as

w� e will show below. In addition, autoimmunity is in-
d

�
ucible in the normal host by immunosuppressive ther-

a� py.
Koch’s postulates would predict that therapy in-

t
�
ended to decrease production (steroids, cytotoxic

d
�
rugs) or enhance clearance (plasmapharesis) of auto-

a� ntibodies or autoreactive T cells would be highly suc-
c� essful in autoimmune disease. We find it highly signi-
f

�
icant that such therapy as directed by Koch’s

p� ostulates has only resulted in suppression of disease
m� anifestations, and at best only led to a temporary re-
m� ission in the course of the disease. Frequently, such
t

�
herapeutic modalities subject the patient to significant

morbidity and even mortality. Perhaps new concepts of
p� athogenesis are needed, with more specific and effec-
t

�
ive treatments to follow.

W
�

e suggest that autoimmunity is n� ot i
�
n many cases

d
�
ue to the presence of factors leading to the autoim-

mune reponse in those susceptible. Instead, it is the lack
o
 f a factor which leads to the development of autoim-
m� unity; a factor (cytokine, protein, gene, etc.) which is
p� resent in the healthy individual and protects it from
d

�
isordered immune regulation. We will re-examine the

Koch’s postulates as they relate to autoimmunity, and
show that recent developments cast some doubt on
t

�
raditional theories, and indeed hint towards the

p� resence of such a: “protective factor”  in the non-auto-
immune host. Finally, we propose to direct more re-
search into therapeutic modulation of autoimmunity by
a� dministration of putative “protective factors” , rather
t

�
han by attempts to depress or remove antigens and

a� ntibodies from the autoimmune.

Adoptive Transfer of Autoimmunity

Are B cells producing autoantibodies the
“ pathogenic organism”  in autoimmune disease?

Transferability and inducibility of autoimmune from
t� he mother to the newborn. A natural, easily repeated
“experiment”  in which transferability of autoimmunity
c� an be examined is the pregnant, autoimmune individ-

u� al. Despite the presence of supposedly pathogenic
a� utoantibodies in high titer, only rarely are immune
manifestations apparent in the fetus.

D
�

 e r m a t o m y o s i t i s / p o l y m y o s i t i s.
N

�
o neonatal effects of dermatomyositis/polymyositis

have been described in surviving children from mothers
w� ith the diseases3

 
0. In one autopsy of a neonatal death,

t
�
he newborn had no abnormal pathologic findings in the

skin or muscle47.
S c l e r o d e r m a. Although rates of prematurity,

intrauterine growth retardation, intraauterine and neo-
natal death are higher than for a normal pregnancy, no
r! eports exist describing transfer of the disease to the
newborn (only 3 cases of limited areas of sclerosis)3

 
.

R
"

 h e u m a t o i d  a r t h r i t i s.  A successful
p� regnancy, normal delivery, and a healthy infant is the
u� sual and expected course in pregnant patients with
rheumatoid arthritis. Moreover, pregnancy has a known
b



eneficial effect on the course of the disease4

�
.

I m m u n e  t h r o m b o c y t o p e n i c  p u r-
p�  u r a.  There is no good correlation between either
m� aternal platelet counts or maternal platelet-associated
a� ntibody levels and fetal platelet counts at the time of
d

�
elivery. If thrombocytopenia is present in the infant,

i
�
t is usually not severe, and recovery can be expected

in 4–6 weeks41.
P

#
erhaps the most classic example given to demon-

strate the transferability of autoimmunity from the
mother to the newborn by autoantibodies is the neonatal
lupus syndrome, highly associated with the anti-Ro
a� ntibody. However, several datum detract from
a�  simple causal relationship.

– Neonatal lupus is a very rare disease, relative to
t

�
he incidence of systemic lupus erythematosus (SLE) in

females of child bearing age. Almost all the reports in
t

�
he literature are single case reports. PETRI et al.3

 
8 in

1989 were able to gather only 229 cases altogether, and
t

�
hought it was likely that some of the cases were multi-

p� ly reported.
– Assuming  that  transplacentally transferred anti-

-Ro from the mother is the cause of cutaneous rash of
neonatal lupus, lesions should disappear by 6 months.
H

$
owever, several reports of lesions appearing beyond

1 year have been published29.
– Autopsy studies of neonatal lupus with congenital

heart block have been done, and found besides IgG,
a� lso IgM and IgA which cannot be transferred trans-
p� lacentally45. This finding suggested that the staining
w� as non specific, and due only to tissue damage. Dem-
o
 nstration of the antibody in cardiac tissue, while sug-
g% estive, cannot and should not be construed as conclu-
sive evidence for pathogenesis.
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– Anti-Ro is not sufficient to cause lupus, as dem-
o
 nstrated by WATSON et al.5

�
2 who found only one case

o
 f neonatal lupus in a retrospective study of 67 live
b



irths to mothers with anti-Ro.

Although there are other instamnces in which there
is a more clear relationship between transferable auto-
a� ntibodies originating in the mother and disease in the
newborn (neonatal myasthenia gravis, thyroid disease),
t

�
hese are the exceptions rather than the rule. Autoim-

m� une disease in the newborn tends to be only transient,
a� nd maternal autoantibodies do not initiate a self-per-
p� etuating autoimmune process.

Transgenic mice. K
�

och’s fourth postulate states that
from each case of experimentally induced disease, the
m� icroorganism must be again isolated. A corollary
w� ould be that genes encoding pathogenic autoanti-
b



odies would cause autoimmune disease in transgenic

mice. OKAMOTO et al.3
 

4 published their model of double
t

�
ransgenic mice bearing immunoglobulin-chain genes

for an antibody against mouse erythrocytes. No consist-
e� nt clinical expression was found, despite the fact that
m� ost B cells expressed on their surface the autoanti-
b



ody against the erythrocyte. Only 5% of the mice de-

v& eloped significant anemia, while 51% were tolerant
w� ith no evidence of disease. ER

'
IKSON et al.14 created

a�  model of transgenic mice in a non-lupus strain, using
t

�
he  heavy  chain  variable gene of a monoclonal anti-
-DNA antibody which rises spontaneously in the auto-
immune MRL-lpr/lpr mouse. Despite the high fre-
q( uency of anti-DNA carrying B cells in the transgenic
m� ice, serum titers of anti-DNA were not higher than
t

�
hose found in normal mice. These results showed that

a� nti-DNA antibodies were regulated in the normal, non-
-autoimmune animals. Despite the fact that most of the
B cells in the transgenics were specific for ssDNA, they
nevertheless did not differentiate into immunoglobulin-
-secreting cells. This suggested to ER

'
IKSON et al.14 and

a� s we are hypothesizing, that the normal host can regu-
l

)
ate disease-associated autoantibodies, and that autoim-

mune disease results from breakdown, or lack of regu-
lation. It has been further shown that in normal mice
B cells expressing anti-DNA specificity are deleted in
t

�
he bone marrow at the pre-B to immature B transi-
t

�
ional stage6

*
.

I
�
t has been suggested that autoreactive anti-DNA

B cells can escape negative regulation even in the nor-
mal host by a process called receptor editing7

+
, but even

in those cirumstamces features of autoimmunity were
v& ery mild and the mice did not express the full clinical
p� icture of lupus40. Similarly, TSAO et al.48 generated
t

�
ransgenic mice in a non-lupus strain that expressed
b



oth heavy and light chain genes derived fron a hybri-

d
�
oma secreting a pathogenic IgG2a monoclonal anti-

b


ody specific for both single and double stranded anti-

-DNA. Although multiple lines of transgenic mice had
h

	
igh levels of circulating, transgene-encoded anti-DNA,

in no case were these levels comparable to those pres-
e� nt in the mouse strain with spontaneous lupus (aged
B

,
W). Proteinuria and azotemia in the transgenic, while

p� resent, was less severe, and did not progress over time.
Specifically, no transgenic mice died of fatal nephritis
(the most common reason for mortality in the BW
mouse). TSAO et al.4

�
8 suggest that the normal mice,

d
�
espite the production of anti-DNA in this model, lack

f
�
actors present in the BW predisposing towards the dis-

e� ase. Alternatively, we propose that it is the BW strain
t

�
hat lacks a factor protecting it from the development

o
 f disease, while the normal mice are relatively safe
from autoimmunity despite a genetic repertoire of auto-
a� ntibodies, because of this protective factor.

S
-
evere combined immunodeficient (SCID) mice.

SCID mice have an autosomal recessive defect prevent-
i

�
ng development of functional lymphocytes. It was

shown that human fetal lymphoid tissue or peripheral
a� dult blood lymphocytes can survive in SCID mice,
t

�
hereby allowing study of human autoimmune diseases.

K
�

R
'

AMS et al.2
.
3 injected peripheral blood lymphocytes

from normal volunteers and patients with primary bil-
i

�
ary cirrhosis (PBC), into SCID mice. Although the

b


iliary lesions in the SCID mice who received lympho-

c� ytes from the PBC patients were more severe, those
mice with a graft from normal donors also developed
a�  biliary inflammatory reaction. Therefore, what was
o
 bserved may not have been early lesions of PBC, but
r! ather a graft-versus-host reaction. TI

/
GHE et al.46 per-

formed adoptive transfer of rheumatoid arthritis syno-
v& ial cells with peripheral blood lymphocytes into SCID
mice. Mononuclear cells from synovial fluid or tissue
r! esulted in a much higher IgM-rheumatoid factor pro-
d

�
uction in the mice than that of peripheral lymphocytes

f
�
rom patients or normal donors. However, autoantibody

p� roduction gradually decreased with time even when
t

�
otal immunoglobulin levels increased, and elevated

p� roduction could not be induced by antigenic stimula-
t

�
ion. In addition, even at their peak level overall levels

o
 f rheumatoid factors were not high, and inflammatory
j

0
oint injury was absent. DU

1
CHOSAL et al.11 transferred

p� eripheral blood leukocytes from 5 SLE patients into
15 SCID mice. Reconstituted mice showed production
o
 f human IgG, reaching maximum levels 2 months
a� fter transfer and gradually declining over the next 4–7
months, and with autoantibodies characteristic of their
d

�
onor. Nevertheless, only minimal mesangial prolifera-

t
�
ion was histologically seen in the SCID-SLE mice, and

C
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t
�
he absence of significant proteinuria or of azotemia

w� as notable.
EHRENSTEIN et al.13 showed in a similar model that

some human anti-DNA antibodies can deposit in the
kidneys and induce proteinuria in SCID mice but in
t

�
heir model again there were no signs of renal abnormal

p� athology which is the hallmark of the murine and
human disease.

To summarize both transgenic and SCID mice
studies, B cells producing autoantibodies fulfill some
o
 f Koch’s postulates, namely that in experimentally in-
d

�
uced disease (transgenic/reconstituted mice) the

m� icroorganism (autoantibodies) can again be isolated.
However, despite some production of autoantibodies,
t

�
his is only temporary, and does not eventually lead to

self-perpetuating autoimmune disease in the healthy re-
c� epient.

A
2

re autoreactive T cells the “ pathogenic organism”
in autoimmune disease?

Several disease models have been reported in which
a� utoimmune disease is transferable by T lymphocytes.
Although causation of disease in these models would
t

�
end to support the role of autoreactive cells according

t
�
o Koch’s postulates, we will show with several exam-

p� les that this transferability is difficult to reproduce,
a� nd occurs only under highly selected conditions.

Experimental allergic encephalomyelitis (EAE) is
a�  disease characterized by mononuclear cell infiltration
o
 f the white matter, and motor paralysis. This disease
is utilized as a representative animal model for human
m� ultiple sclerosis, and can be induced by immunization
o
 f genetically susceptible animals to myelin basic pro-
t

�
ein8. It seemed likely that autoreactive T cells are

mediators of EAE, as the disease can be transferred by
T

3
 cells from rats actively immunized to basic protein.

Several other autoimmune diseases can be similarly
p� recipitated by CD4 T cell clones, such as autoimmune
t

�
hyroiditis in mice, and experimental allergic neuritis or

u� veitis. These experimental diseases are all charac-
t

�
erized by oligoclonality of the T cell receptor (TCR),
i

�
n contradistinction to their human counterparts dis-

c� ussed below. However, these models may not be rep-
r! esentative of human autoimmune diseases in several
w� ays:

1) Experimental models do not develop sponta-
neously, but rather are induced by a particularly strong
a� nd perhaps not physiologic antigenic stimulus (puri-
fied antigen with adjuvant).

2
4
) Even with such a directed stimulus, animals in

most models do not develop a chronic relapsing auto-

i
�
mmune course similar to the situation in human

multiple sclerosis, for example. Rather, the animals in
EAE, the common rat parallel, develop a single attack
o
 f acute encephalomyelitis, spontaneously recover, and
t

�
hereby become immune to further induction of attacks.

3) Although the pathogenic T cell lines of EAE
w� ere found to be present in the thymus, and capable of
responding to specific antigen, in the normal host these
c� ells remain dormant despite their autoimmune poten-
t

�
ial3

 
2. This supports the presence of a regulatory factor

p� resent in the healthy recepient that does not allow the
d

�
evelopment of a chronic course, despite the demon-

strable presence of the autoreactive clones.
G

5
ARCHON15 reviewed studies examining the

p� resence of TCR oligoclonality in human autoimmune
d

�
iseases. Contrary to the findings in animals, recent

studies do not support the role of specific Vβ g% enes in
multiple sclerosis, rheumatoid arthritis, Graves disease,
a� nd Hashimoto thyroiditis. Perhaps even more telling is
t

�
he recent study by PALIARD et al.3

 
5 regarding the

α, β T
3

 cell receptor repertoire in rheumatoid arthritis
p� atients. Certain Vβ (e.g. Vβ14) were conspicuously
a� bsent in peripheral blood mononuclear cells, relative
t

�
o synovial fluid cells. PALIARD et al.3

 
5 suggested that

t
�
his finding signifies the role of a Vβ14-specific super-
a� ntigen in the pathogenesis of rheumatoid arthritis. An
a� lternative explanation, however, might be that it is this
v& ery lack of Vβ14 in peripheral mononuclear cells that
initiates the autoimmune articular attack.

In other animal models of T cell-induced disease,
e� ven a single autoimmune attack is difficult to precipi-
t

�
ate. The tight skin mouse model is an autosomal domi-

n6 ant model of inherited skin fibrosis. Adoptive transfer
o
 f skin fibrosis to syngeneic recipients is possible by
t

�
he transplantation of both bone marrow and spleen

c� ells; but this was only possible after irradiation with
l

)
ethal doses5

�
0. HOLOSHITZ et al.19 isolated lines of effec-

t
�
or T lymphocytes from rats administered and arthri-
t

�
ogenic dose of mycobacterium tuberculosis in com-

p� lete Freund’s adjuvant to induce arthritis in rats. This
a� rthritis model, known as adjuvant arthritis, begins after
10 to 20 days, lasts for 3 weeks, and resembles during
t

�
he period of acute inflammation human rheumatoid

a� rthritis. Inoculation of the arthritogenic cell line (A2)
i

�
nto rats irradiated with 750 rad led to the development

o
 f polyarthritis. However, if the rats underwent
200 rads of irradiation, or none at all – adjuvant arth-
ritis could not be passively transferred, even when the
p� athogenic T cell clones were given in large numbers.

Much evidence from animal and human experi-
m� ents supports an immunological, cell mediated basis
in the pathogenesis of type I diabetes mellitus. Several
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e� xperimentally useful and reproducible models have
b



een developed in animals. Diabetes is never sponta-

neously observed in unmanipulated rats of the PVG/c
strain. However, a combination of thymectomy and
sublethal irradiation consistently induced diabetes in fe-
male rats of this strain. Even in the non-diabetic rats,
m� ild and focal insulitis could be seen3

 
7. Diabetes-prone

BB/Wor rats develop diabetes in an incidence of
40–70% in both sexes. BB/Wor rats bred for resistance
t

�
o diabetes have a cumulative incidence of diabetes
<7  0.1%18. However, when the diabetes-resistant rats
u� nderwent single doses of total body gamma radiation
(125–600 rads), diabetes was induced in 20%. Similar-
ly, diabetes could be transferred only to the BB/W
d

�
iabetes-prone rat from BB/W rats with acute diabetes.

Simple transfer to nude mice, low incidence BB/W,
o
 r from BB/W rats without acute diabetes was unsuc-
c� essful22.

I
8
nduction of Autoimmunity in the Normal Host

C
�

yclosporine is a potent immunosuppressive agent,
w� hose principal mode of action is through inhibition of
interleukin 2 production. Paradoxically (or perhaps not
so), cyclosporine aggravates several autoimmune dis-
e� ases3

 
9. When cyclosporine is administered to newborn

m� ice for a few days after birth, the mice subsequently
d

�
evelop several organ-specific autoimmune diseases,

w� ith autoantibodies. Autoimmunity was prevented
w� hen teated mice were inoculated with adult splenic
T

3
 cells4

�
2. MA

9
RCOS et al.2

.
6 gave CNA/N mice carrying

t
�
he xid mutation (which protects mice with sponta-

n6 eously occurring lupus) 800 cGy of total body irradi-
a� tion, followed by cyclosporine. Clinically, the mice
d

�
eveloped a systemic disease including asymmetrical

p� olyarthritis, proteinuria, and immunoglobulin deposits
i

�
n the kidney mesangium and basement membrane. In

a� ddition, these mice had evidence of polyclonal B cell
h

	
yperactivity, with antinuclear antibodies and other

a� utoantibodies.
The postulated role of the thymus in the pathogen-

e� sis of autoimmune disease is well known. Several lines
o
 f evidence support the concept that the normal thymus
has a protective role, which prevents the normal host
f

�
rom developing an autoreactive state. OGAWA et al.3

 
3

d
�
escribed a 49 year old woman who underwent com-

p� lete resection of a thymoma and the adjacent thymic
g% land. At the time, no evidence of an autoimmune or
k

:
idney disorder was present. One year later, she de-

v& eloped arthritis, which led to the diagnosis of SLE
w� ith kidney involvement.

PENHALE et al.3
 
6 subjected randomly bred Wistar rats

t
�
o combinations of thymectomy and whole body irradi-

a� tion after weaning. When irradiation was applied with-
o
 ut thymectomy, 22% of the rats developed thyroiditis
similar histologically to Hashimoto thyroiditis in man.
W

�
hen the rats were subjected to both irradiation and

t
�
hymectomy, 60% developed thyroiditis and autoanti-

b


odies to thyroglobulin.

The normal immune system fails to generate de-
structive responses against self-antigens. T cell toler-
a� nce to self-antigens is possible via 3 mechanisms: clo-
nal deletion, clonal anergy (direct inactivation) and
indirect inactivation via suppressor regulatory cells. It
h

	
as been shown that a functional lack or the removal

o
 f the thymus can result in impaired clonal deletion.
N

�
eonatal thymectomy led to defective deletion of cer-

t
�
ain “ forbidden”  T cell clones, i.e. those with po-

t
�
entially self-reactive T cell receptors. Many strains of

neonatally thymectomized mice then develop autoim-
m� une diseases, which support the relationship between
failure to delete autoreactive T cells in the thymus to
t

�
he subsequent development of the autoimmune state20.

Candidate Transferable Protective Factors

Gammaglobulins
O

�
ne possible candidate for the postulated protective

f
�
actor in autoimmune disease is an immunoglobulin,

p� robably IgG, present in the healthy but not in the ill
o
 r those predisposed to develop autoimmunity. In re-
c� ent years, much evidence has accumulated pointing to
t

�
he diverse and significant therapeutic potential of gam-

maglobulin (IVIG) therapy12. The course of several
a� utoimmune disorders has been modified, often dra-
matically, by intravenous administration of purified,
high dose gammaglobulins (0.4 g/kg for several days).
At first, improvements were noted mainly in diseases
c� lassically associated with B cell activation. In SLE,
hematologic problems were reversed in newborns of
m� others with SLE17, renal IgG deposits were mobilized
c� oncomitant with improved immune function2

.
4, and

a�  significant decrease in the accumulation rate of recal-
c� itrant massive bilateral pleural effusions was noted2.
I

�
n rheumatoid arthritis, 7 of 10 patients studied by

C
�

OMBE et al.9
;
 responded to IVIG derived from human

p� lacentas. Also in rheumatoid arthritis43, 60% of 31
p� atients experienced a 50% improvement in disease par-
a� meters. These beneficial effects were not noticed when
low amounts of IVIG was used21. A substantial benefit
o
 f high dose IVIG has been also shown in neurologic
d

�
iseases as dermatomyositis, Guillain-Barre syndrome,

a� nd other inflammatory polyneuropathies10, 16.
Immunoglobulin therapy was attempted also in

C
�
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c� lassical T cell related autoimmune disease – adjuvant
a� rthritis. ULMANSKY and NAPARSTEK49 induced adjuvant
a� rthritis in Lewis rats (a susceptible strain) by vaccina-
t

�
ion with complete Freund’s adjuvant. Rats receiving

e� ither human, mice or rat immunoglobulins in doses as
low as 10 mg/kg did not develop disease. The injection
c� ould be given as early as day 1 or as late as day 11
a� fter vaccination. Despite protection from disease in-
d

�
uction, the treated rats had no suppression of their

a� ctivity to react to the immunizing antigen or to develop
resistance to diseases reinduction. Suppressive effect of
immunoglobulin therapy was strain specific, and was
n� ot c� onferred by immunoglobulins from disease-prone
rats, but only from humans or rats from disease-resis-
t

�
ant strains. The therapeutic specificity of the immuno-

g% lobulin molecule was to the F(ab)2 portion, but not to
t

�
he Fc. These results suggest that rats prone to develop

a� djuvant arthritis are lacking a subset of antibodies
p� resent in resistant strains which prevent or suppress
d

�
isease manifestations in the healthy or resistant.

Glucocorticoids
Ten to twelve days after immunization with myelin

b


asic protein homogenized in Freund’s complete ad-

j
0
uvant, susceptible strains of rats develop EAE, which

p� rogresses to urine incontinence and bilateral hind leg
p� aralysis. EAE remits spontaneously after about 5 days,
a� nd recovered animals are refractory to attempts to in-
d

�
uce further episodes of paralysis. Disease suscepti-

b


ility is strain dependent, with Lewis rats being most

susceptible2
.

7.
MASON et al.27 summarized the principal findings

w� hen EAE is induced in the rat by purified myelin basic
p� rotein:

1) The onset of the disease is associated with
a�  large increase in serum corticosterone levels, which
r! emain increased until the disease begins to remit.

2) Adrenalectomy of Lewis rats before signs of the
d

�
isease appears prevents spontaneous recovery. Par-

a� lysis becomes progressive, and ultimately fatal2
.
5.

3) If adrenalectomized Lewis rats are given a hor-
mone implant producing corticosterone levels similar to
c� ontrols, recovery is uninhibited2

.
5.

4) Adrenalectomy delayed until the beginning of
t

�
he recovery phase does not prevent recovery or the

d
�
evelopment of refractoriness2

.
8.

5
<
) If PVG rats (a resistant strain) are adrenalec-

t
�
omized and given only basal steroid replacement

d
�
oses, they lose resistance to disease induction and de-

v& elop fatal paralysis.
M

=
ason proposes a basic, dynamic balance between

c� ell mediated and antibody mediated immune responses

i
�
n the normal host2

.
5. Glucocorticoids can tip the balance

in favor of the latter, and can prevent inappropriate,
e� xaggerated cell mediated immunity responses leading
t

�
o autoimmune manifestations, as in the EAE model.

Put differently, resistance to the induction of autoim-
munity and recovery from an ongoing inflammatory
p� rocess was shown in this model to be dependent on
t

�
he presence of a protective factor – in this case a glu-
c� ocorticoid hormone secreted from the adrenal gland.

A
>

 single injection of streptococcal cell was frag-
ments into Lewis female rats induces an arthritis mi-
micking human rheumatoid arthritis. Histocompatible
F

?
ischer rats, however, do not develop arthritis in re-

sponse to the same stimulus. STERNBERG et al.44 exam-
i

�
ned the hypothalamic-pituitary-adrenal axis in these rat

strains. In contrast to the Fischer rats, the susceptible
Lewis strains had markedly impaired corticotropin and
c� orticosterone responses to corticotropin releasing hor-
m� one, interleukin 1, and streptococcal cell-wall frag-
ments. Replacement doses of dexamethasone in Lewis
r! ats markedly attenuated the severity of the arthritis,
w� hile treatment of the Fischer rats with a glucocorti-
c� oid antagonist led to development of severe inflamma-
t

�
ory disease in these previously resistant rats. These

d
�
ata suggest that resistance to autoimmune attack in this

model of arthritis is mediated by corticosteroids, and
susceptibility to disease in the Lewis rats is due to lack
o
 f a factor present in the “healthy”  (resistant Fischer
rats).

A
2

poptosis genes
O

�
ne of the extensively investigated murine models

f
�
or SLE is the MRL-lpr/lpr strain. These mice exhibit

massive lymphoid proliferation (“ lpr”  denoting lym-
p� hoproliferation), hig titer anti-DNA, and early lethal
immune nephritis1. The work by WANTANABE-FU

1
KUNA-

GA et al.5
�
1 have contributed to the understanding of the

relationship between the lpr gene and the autoimmune
p� henotype. Fas antigen is a cell surface protein ex-
p� ressed in various tissues including the thymus of nor-
mal mice, that is important in the mediation of apop-
t

�
osis. Almost no Fas mRNA was observed in

h
	
omozygous lpr mice, due to rearrangement of the

structural gene for the Fas antigen. It was postulated
t

�
hat the lpr defect may result in defective negative se-

lection of self-reactive T cells in the thymus, excessive
numbers of autoreactive T cells released to the periph-
e� ry, and autoimmune disease. These findings were ex-
p� anded  by  MOUNTZ  et  al.3

 
1,  who constructed MRL-

-lpr/lpr mice transgenic for Fas antigen. These mice
e� xpressed high levels of Fas in the thymus and T cells,
b



ut not in B cells. None of the transgenic mice de-
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v& eloped lymphadenopathy by 4.5 months of age, kid-
ney function normalized and the glomerulonephritis
e� liminated.

In summary, we suggest that autoimmunity might
not be due to the presence of a detrimental element in
t

�
he autoimmune individual, but rather results from
a�  lack of some protective factor present in the healthy.
As we have seen, Koch’s postulates as related to auto-
i

�
mmunity cannot be fulfilled with autoantibodies or

a� utoreactive T cells as the pathogenic factor. On the
c� ontrary, it seems that these postulates are better ap-
p� lied to what is present in the healthy. We do not think
t

�
he difference between autoimmunity as the “presence

o
 f a pathogenic factor”  versus the “ lack of a protective
f

�
actor”  is simply a semantic one. Viewing autoim-

munity as potentially correctable with elements from
t

�
he healthy host would dictate more intensive research

i
�
nto potential candidate factors present in the healthy

w� hich can be transferred to the sick, and capable of
a� lleviating the autoimmune state.

 
R

@
eferences

 1. A
�

N
A

DREWS B. S., EI
B
SENBERG R. S., TH

C
EOFILOPOULOS A. N., IZD UI S.,

WILSON C. B., MC
E C

�
O

F
NAHEY P. J., MU

G
RPHY E. D., RO

F
TH J. B.

and DI
B
XON F. J. (1978): Spontaneous murine lupus-like syn-

dromes. Clinical and immunopathological manifestations in
several strains. J. Exp. Med., 148,�  1198–1215.

 2. BE
H

N-CH
C

ETRIT E., PU
G

TTERMAN C. and NA
I

PARSTEK Y. (1991):
Lupus refractory pleural effusion: transient response to in-
travenous immunoglobulins. J. Rheumatol., 18, 1635–1637.

 3. BLACK C. M. and STEVENS W. M. R. (1989): Scleroderma.
Rheum. Dis. Clin. North Am., 1

J
5, 193–212.

 4. BU
G

LMASH J. M. (1979): Rheumatoid arthritis and pregnancy.
Obstet. Gynecol., 8

K
, 223–276.

 5. BU
G

RMESTER G. R. and SO
F

LBACH H. (1992): Hit and run, hit and
hide or permanent hit: why it is premature tu dump Koch’s
postulates in rheumatic diseases. J. Rheumatol., 19, 1173–1174.

 6. CH
C

EN C., NA
I

GY Z., RA
I

DIC M. Z., HA
I

RDY R. R., HU
G

SZAR D.,
CAMPER S. A. and WEIGERT M. (1995): The side and stage of
anti-DNA B-cell deletion. Nature, 3

L
73, 252–255.

 7. CHEN C., PRAK E. L. and WEIGERT M. (1997): Editing disease-
-associated autoantibodies. Immunity, 6

M
, 97–105.

 8. CO
F

HEN I. R. (1989): T-cell vaccination against autoimmune
disease. Hosp. Pract., 24, 57–64.

 9. C
�

O
F

MBE B., CO
F

RSO B., CL
N

OT J., BO
F

NNEAU M. and SA
I

NY J. (1985):
Human placenta-eluted gammaglobulins in immunomodulating
treatment of rheumatoid arthritis. Am. J. Med., 7

O
8,�  920–928.

10. DALAKAS M. C. (1997): Intravenous immune globulin therapy
for neurologic disease. Ann. Int. Med., 1

J
26,�  721–730.

11. DU
G

CHOSAL M. A., MC
E C

�
O

F
NAHEY P. J., RO

F
BINSON C. A. and

DI
B
XON F. J. (1990): Transfer of human systemic lupus erythe-

matosus in severe combined immunodeficient (SCID) mice.
J. Exp. Med., 172, 985–988.

12. DO
F

WYER J. M. (1992): Manipulating the immune system with
immune globulin. N. Engl. J. Med., 326,�  107–116.

13. EH
C

RENSTEIN M. R., KA
I

TZ D. R., GR
P

IFFITHS M. H., LU
G

CCIENNE P.,
W
Q

INKLER T. H., KALDEN J. R. and IS
R

ENBERG D. A. (1995):
Human IgG anti-DNA antibodies deposit in kidneys and induce
pS roteinuria in SCID mice. Kidney Int., 48, 705–711.

14. ERIKSON J., RADIC M. Z., CAMPER S. A., HARDY R. R., CAR-

MACK C. and WEIGERT M. (1991): Expression of anti-DNA im-
munoglobulin transgenes in non-autoimmune mice. Nature,
3
L

49, 331–334.
15. GARCHON H. J. (1992): Non-MHC-linked genes in autoim-

mT une disease. Curr. Opin. Immunol., 4,�  716–722.
16. GELFAND E. W. (1989): The use of intravenous immune glo-

b
U
ulin in collagen vascular disordes. J. Allergy Clin. Immunol.,

8
K

4, 613–616.
17. HA

I
NADA T., SA

I
ITO K., NA

I
GASAWA T. et al. (1987): Intravenous

gV ammaglobulin therapy for thromboneutropenic neonates of
mothers with systemic lupus erythematosus. Eur. J. Hematol.,
3
L

8, 400–404.
18. HANDLER E. S., MO

F
RDES J. P., MC

E
KEEVER U. et al. (1989): Ef-

fects of irradiation on diabetes in the BB/Wor rat. Autoim-
munity, 4,�  21–30.

19. HO
F

LOSHITZ J., NA
I

PARSTEK Y., BE
H

N-NU
G

N A. and CO
F

HEN I. R.
(
W
1983): Lines of T lymphocytes induce or vaccinate against

aX utoimmune arthritis. Science, 219,�  56–58.
20. JO

F
NES L. A., CHIN L. T., MERRIAM G. R., NELSON L. M. and

K
Y

R
P

UISBECK A. M. (1990): Failure of clonal deletion in neonatal
t
Z
hymectomized mice: tolerance is preserved through clonal an-

e[ rgy. J. Exp. Med., 1
J
72, 1277–1285.

21. KANIK S. K., YARBORO C. H., NAPARSTEK Y., PLOTZ P. H. and
W
Q

ILDER R. L. (1996): Failure of low-dose intravenous immunoglo-
b
U
ulin therapy to suppress disease activity in patients with treatment-

-refractory rheumatoid arthritis. Arthritis Rheum., 3
L
9,�  1027–1029.

22. KO
\

EVARY S., RO
\

SSINI A., STOLLER W., CHICK W. and WILLIAMS R. M.
(
W
1983): Passive transfer to diabetes in the BB/W rat. Science,

2
]

20, 727–728.
23. KRAMS S. M., DO

F
RSHKIND K. and GERSHWIN M. E. (1989):

G
^

eneration of biliary lesion after transfer of human lympho-
c_ ytes into severe combined immunodeficient (SCID) mice.
J
�
. Exp. Med., 1

J
70, 1919–1930.

24. LIN C. Y., HS
R

U H. C. and CHIANG H. (1989): Improvement of
h
`
istological and immunological change in steroid and immuno-

sa uppressive drug-resistant lupus nephritis by high-dose in-
t
Z
ravenous gamma globulin. Nephron, 53,�  303–310.

25. MA
I

CP
�

H
C

EE I. A. M., AN
A

TONI F. A. and MA
I

SON D. W. (1989):
S
b
pontaneous recovery of rats from experimental allergic encepha-

lomyelitis is dependent on regulation of the immune system by
e[ ndogenous adrenal corticosteroids. J. Exp. Med., 169, 431–445.

26. MA
I

RCOS M. A. R., DE
H  LA

I  HE
H

RA A., GA
I

SPAR M. L., MA
I

RQUEZ

G
^

. C., BELLAS C., MAMPASO F., TO
F

RIBIO M. L. and MARTINEZ

A
�

. C. (1986): Modification of emerging repertoires by immu-
nosuppression in immunodeficient mice results in autoim-
mT unity. Immunol. Rev., 9

c
4,�  51–74.

27. MASON D. (1991): Genetic variation in the stress response: sus-
c_ eptibility to experimental allergic encephalomyelitis and im-
pS lications for human inflammatory disease. Immunol. Today,
12, 57–60.

28. MA
I

SON D. W., MA
I

CPH
C

EE I. A. M. and AN
A

TONI F. A. (1990):
T
d

he role of the neuroendocrine system in determining genetic
sa usceptibility to experimental allergic encephalomyelitis in the
rat. Immunology, 70,�  1–5.

C
�

. Putterman and Y. Naparstek: Koch’s Postulates and Autoimmunity 31



2
e
9. MC

E CU
G

NE A. B., WE
H

STON W. L. and LE
H

E L. A. (1987): Mater-
nal and fetal outcome in neonatal lupus erythematosus. Ann.
Intern. Med., 106,�  518–523.

3
f
0. M INTZ G. (1989): Dermatomyositis. Rheum. Dis. Clin. North

Am., 15,�  375–382.
3
f
1. MO

F
UNTZ J. D., WU

G  J., CH
C

ENG J. and ZH
C

OU T. (1994): Autoim-
mune disease. A problem of defective apoptosis. Arthritis
Rheum., 37, 1415–1420.

3
f
2. NAPARSTEK Y., HO

F
LOSHITZ J., EISENSTEIN S., RESHEF T., RAP-

P
g

APORT S., CH
C

EMKE J., BE
H

N-NU
G

N A. and CO
F

HEN I. R. (1982):
Effector T lymphocyte line cells migrate to the thymus and
persist there. Nature, 300, 262–264.

3
f
3. OG

h
AWA M., UEDA S., OHTO M. et al. (1992): Development of

systemic lupus erythematosus after resection of a thymoma and
the adjacent thymic gland. J. Rheumatol., 19, 1130–1132.

3
f
4. O

i
K

j
AMOTO M., MU

G
RAKAMI M., SH

C
IMIZU A., OZ

D
AKI S., TS

R
UBATA T.,

KU
G

MAGAI S. and HU
G

NJO T. (1992): A transgenic model of auto-
immune hemolytic anemia. J. Exp. Med., 175, 71–79.

3
f
5. PA

I
LIARD X., WE

H
ST S. G., LA

I
FFERTY J. A., CL

N
EMENTS J. R.,

KAPPLER J. W., MARRACK P. and KO
F

TZIN B. L. (1991): Evi-
dence for the effects of a superantigen in rheumatoid arthritis.
Science, 253, 325–329.

3
f
6. PE

H
NHALE W. J., FA

I
RMER A., MC

E K
Y

E
H

NNA R. P. and IRP VINE W. J.
(1973): Spontaneous thyroiditis in thymectomized and irradi-
ated Wistar rats. Clin. Exp. Immunol., 1

J
5, 225–236.

3
f
7. PENHALE W. J., STUMBLES P. A., HU

G
XTABLE C. R., SU

G
THER-

L
N

AND R. J. and PE
H

THICK D. W. (1990): Induction of diabetes in
PVG/c strain rats by manipulation of the immune system. Auto-
immunity, 7, 169–179.

3
f
8. PETRI M., WATSON R. and HO

F
CHBERG M. C. (1989): Anti-Ro

antibodies and neonatal lupus. Rheum. Dis. Clin. North Am.,
15, 335–360.

3
f
9. PR

P
UD’HOMME G. J. PA

I
RFREY N. A. and VA

I
NIER L. E. (1991):

Cyclosporine-induced autoimmunity and immune hyperreactiv-
ity. Autoimmunity, 9,�  345–356.

4
k
0. RA

I
DIAC M. Z., IB

l
RAHIM S. M., RA

I
UCH J., CA

I
MPER S. A. and

WEIGERT M. (1995): Consitutive secretion of transgene-en-
coded IgG2b autoantibodies leads to symptoms of autoimmune
disease. J. Immunol., 155, 3213–3222.

4
k
1. RI

B
CK M. E. (1989): Bleeding disorders in pregnant patients

with rheumatic diseases. Rheum. Dis. Clin. North Am., 15,�
232–333.

42. SAKAGUCHI S. and SAKAGUCHI N. (1988): Thymus and autoim-
munity. Transplantation of the thymus from cyclosporin A-

t
Z
reated mice causes organ-specific autoimmune disease in

aX thymic nude mice. J. Exp. Med., 167, 1479–1485.
43. SA

I
NY J., CL

N
OT J., BO

F
NNEAU M. and AN

A
DARY M. (1982): Immu-

nomodulating effect of human placenta-eluted gamma globulins
in rheumatoid arthritis. Arthritis Rheum., 25,�  17–24.

44. ST
m

ERNBERG E. M., HI
B
LL J. M., CH

C
ROUSOS G. P., KA

I
MILARIS T.,

LISTWAK S. J., GO
F

LD P. W. and WILDER R. L. (1989): Inflam-
matory mediator-induced hypothalamic-pituitary-adrenal axis
aX ctivation is defective in streptococcal cell wall arthritis-suscep-
t
Z
ible Lewis rats. Proc. Natl. Acad. Sci. USA, 8

K
6,�  2374–2378.

45. TAYLOR P. V., SC
E

OTT J. S. and GERLIS L. M., PATH F. R. C.,
E
n

S
R

SCHER E. and SK
j

OTT O. (1986): Maternal antibodies against
fetal cardiac antigens in congenital complete heart block.
N
o

. Engl. J. Med., 315, 667–672.
46. TIGHE H., SILVERMAN G. J., KO

F
ZIN F., MITCHELL B., TEITELL M.,

M
p

I
B
XTER P., KR

P
ONENBERG M. and HA

I
HN B. H. (1990): Auto-

aX ntibody production by severe cobined immunodeficient mice
reconstituted with synovial cells from rheumatoid arthritis pa-
t
Z
ients. Eur. J. Immunol., 20, 1843–1848.

47. TS
R

AI A., LINDHEIMER M. D. and LAMBERG S. I. (1973): Derma-
t
Z
omyositis complicating pregnancy. Obstet. Gynecol., 41, 570–

5
q
73.

48. TS
R

AO B. P., OH
C

NISHI K., CH
C

EROUTRE H., TU
G

CKER R., GU
G

LIZIA R.,
PEEBLES C., LO

F
TZ M., RHODES G., MACHOLD K., MO

F
SIER D. E.

aX nd CA
I

RSON D. A. (1992): Failed self-tolerance and autoim-
munity in IgG anti-DNA transgenic mice. J. Immunol., 149,
3
f
50–358.

49. ULMANSKY R. and NAPARSTEK Y. (1995): Immunoglobulins
f
r
rom rats that are resistant to adjuvant arthritis suppress the disease

in arthritis-susceptible rats. Eur. J. Immunol., 25, 952–957.
50. WALKER M. A., HARLEY R. A., DELU

G
STRO F. A. and LERO

F
Y

E
n

. C. (1989): Adoptive transfer of tsk skin fibrosis to +/+ reci-
pS ients by tsk bone marrow and spleen cells. Proc. Soc. Exp.
Biol. Med., 192, 196–200.

51. WANTANABE-FU
G

KUNAGA F., BRANNAN C. I. and CO
F

PELAND N. D.
e[ t al. (1992): Lymphoproliferation disorder in mice explained
b
U
y defects in Fas antigen that mediates apoptosis. Nature, 356,

3
f
14–317.

52. WATSON R. M., BRAUNSTEIN B. L., WATSON A. J., HO
F

CHBERG

M
p

. C. and PR
P

OVOST T. T. (1986): Fetal wastage in women with
aX nti-Ro(SSA) antibody. J. Rheumatol., 13,�  90–94.

Received in June 1998
Accepted in July 1998

32 C
�

. Putterman and Y. Naparstek: Koch’s Postulates and Autoimmunity


