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ABSTRACT

Background: It was assumed that the recognition of auto-antigens
induced by environmental and infective micro-organisms may be
involved in the clinical presentation of leprosy and a number of auto-
immune diseases. Methods: Serum antibodies to epidermal antigens in
the blood of 21 healthy mothers and in the cordblood of their new-born
were compared using immunoblotting before and after absorbtion of the
sera with mycobacteria (M. marinum, M. tuberculosis, M. kansasii).
Results: Sera of the mothers contained a higher antibody titre than that
of their respective babies. The pattern of bands for IgG was the same, for
IgM the sera of 14 mothers showed more bands than that of their off-
spring. Absorption with the mycobacteria, especially M. tuberculosis
resulted in the partial or total disappearance of some bands.
Conclusion: The results of this study provide some supportive evidence
for the above-mentioned assumption. The observation that M. tuberculo-
sis was the most effective in the absorption experiment may be because
of the BCG vaccination all the mothers had received in infancy.
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INTRODUCTION

Similarity between antigenic determinants of M. leprae and the
human host was suggested as a possible alternative explanation for the
immune responses responsible for the clinical spectrum of leprosy and
the reactional episodes (Naafs et al.,  1990). It was observed that mono-
clonal antibodies (MoAbs) directed against M. leprae reacted with cryo-
stat sections of normal human skin and nerve using an indirect
immunoperoxidase technique. Later, the same technique and Western
blotting with normal human skin extract provided further evidence for
this similarity (Van Den Akker, 1992). It was hypothesized, that the
recognition of self not only could account for the leprosy spectrum, but
also for a number of "autoimmune diseases" such as sarcoidosis, Crohn's
disease, diabetes, rheumatoid arthritis, biliary cirrhosis, psoriasis, pal-
moplantar pustulosis (M. Andrews-Barber) and chronic granulomatous
disease (Holoshitz et al., 1986; Shoenfeld, 1988; Esaquy et al., 1991;
Vilagut et. al., 1994a; Vilagut et. al., 1994b; Izaki et. al., 1994; Yokota
et. al., 1993; Rook & Stanford, 1992).

In order to show that human beings develop recognition of auto-anti-
gens during their lifetime that may have been induced by environmental
microorganisms, it was decided to investigate the sera from healthy
mothers for the presence of antibodies against human epidermis. The
results before and after absorption with mycobacteria were compared
with the results obtained with the sera derived from cord blood from their
babies.

MATERIAL AND METHODS

Blood was obtained from 21 pregnant women in labour after
informed consent. They all lived in the area of Bauru, Sao Paulo, Brazil,
where leprosy and tuberculosis are known to be endemic. They were all
healthy and stated that they had had no known contact with patients with
mycobacterioses (specifically, they were questioned for leprosy, tubercu-
losis and persistent skin ulcers). Their age varied from 16 to 35 years. All
of them had been vaccinated in infancy with BCG vaccine.

Neonates' blood was obtained from the umbilical cord immediately
after delivery. Sera were prepared according standard procedures and
stored at -20˚C. and were transported to The Netherlands on dry ice and
stored again at -20˚C. upon arrival.

12

ARANDA,
Christina M. et al.
Environmental
mycobacteria may
induce recogni-
tion of auto-anti-
gens.
Circumstantial
evidence using
maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,
p. 11-26, 2001.



13

HUMAN EPIDERMAL EXTRACT

Skin obtained from healthy women who had undergone mammo-
plasty at the department of plastic surgery of the University Hospital
Dijkzigt was shaved using a dermatome to harvest the epidermis. Briefly,
the extract was prepared by homogenising the epidermis in 100ml of
0.25 M phosphate-buffered saline (PBS, pH 7.4) containing 1% sodium
dodecyl sulphate. The homogenate was then centrifuged at 40.000 g for
60 minutes at 4˚C. after which the pellet was discarded and the super-
natant concentrated by ultra filtration. Thereafter, the supernatants of 3
different skin samples were combined and the protein concentration of
the epidermal extract was determined to be 12 mg/ml using bovine albu-
min as a standard.

MYCOBACTERIA

Mycobacteria obtained from the Royal Tropical Institute (Kolk), M.
marinum, M. kansasii and M. tuberculosis were used for the absorption
experiments.

SODIUM DODECYL SULPHATE POLYACRYLAMIDE GEL
ELECTROPHORESIS (SDS-PAGE)

The human epidermal extract was electrophored using SDS-PAGE
according to the Laemmli discontinuous buffer system (Laemmli, 1970)
in a mini-slab cell, using 11% poly-acrylamide gel with 0.1% SDS.
Samples of extracts containing100mg/ml protein were treated with 5%
mercapto-ethanol and 2% SDS at 1000 C in a waterbath for 5 minutes.

The molecular weight standard marker used was a mixture of phos-
phorylase B (94.000 Da), BSA (67.000 Da) ovalbumin (43.000 Da), car-
bonic anhydrase (30.000 Da), trypsine inhibitor (20.100 Da) and lactal-
bumin (14.400 Da).

WESTERN BLOT

Electrophoretic transfer of the separated protein from polyacrylamide
gels to nitro-cellulose membranes was done using a Bio-Rad transblot cell
(Bio-Rad laboratories). After blotting the membranes were blocked with
PBS containing 0.03% SDS for 30 minutes and cut into strips.

ABSORPTION

A part of each mother's serum was divided into 3 aliquots. The
aliquots were absorbed with sonicates of M. marinum, M. tuberculosis or
M. kansasii, as described previously (Klatser et. al., 1984). After absorp-
tion the final dilution of the sera used was 1:50 for maternal sera and
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1:12.5 for the neonatal sera, the optimal dilutions chosen after dilution
studies. No additional activity was detected when lower dilutions were
used. For each serum studied, the same procedures were followed with-
out absorbtion with the mycobacterial sonicate. These unabsorbed sera
served as controls.

INCUBATION AND IMMUNOGOLD SILVER STAINING

The blotted nitro-cellulose strips were incubated with the absorbed
or unabsorbed sera for one hour. After incubation the strips were washed
in PBS with 0.005% SDS and then incubated with the second antibody.
For the detection of the IgM antibodies from the sera that had bound to
the strips, they were incubated with a mouse-anti human IgM Moab
(Southers Biotechnology Associated Inc. USA) for two hours at room
temperature, and then washed with PBS containing 0.5% SDS. The strips
were then incubated with gold-labelled goat anti-mouse IgG (Auro probe
B1 plus, Amersham UK), according to the manufacturer's instructions.
For the colour reaction the immuno-gold silver staining (Intense TM 2,
Amersham UK) was according to the instructions by the manufacturer.

An extra control consisted of IgG. The IgG antibodies were detected
by incubating the strips with gold-labelled goat anti-human IgG Moab
(Auro probe BL plus, Amersham UK). A negative control was always
included.

RESULTS

The results showed that both the sera from the mothers' blood and
the cord blood (neonatal sera) contained IgM and IgG antibodies to epi-
dermal proteins of molecular weight ranging from 17 to 90 kDa. Most
of the proteins were in the 42-65 kDa range. The reactivity pattern was
similar for all sera tested. However each serum showed an individual
reaction pattern. When the mother's serum was compared with that of
her baby (neonatal serum) it was observed that the bands were more
intensely stained after blotting with the mother's serum, indicating a
higher level of antibody in the mother's serum. The patterns for IgG
antibody except for the staining intensity were exactly the same for both
mother and her baby. However, for IgM sera of 14 of the 21 mothers
showed more bands than their babies did. These bands are shown in
TABLE 1. The most frequently encountered bands are 80 (3x), 36 (4x),
26 (3x), 21 (5x), 18 (4x) and 16 kDa (5x). When the reactivity pattern
of these 14 mother's sera was compared before and after absorption
there was a either a total or a partial disappearance of the reactivity to
some of these epidermal protein bands after absorbtion with sonicate of
M. marinum, M. kansasii and M. tuberculosis in 7 mothers. Reactivity
with a band of approximately 80 kDa diminished in one serum  after
absorbtion with each of the 3 strains of mycobacteria  in one serum only
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after absorbtion with M. tuberculosis. Two sera had a diminished reac-
tivity with a band of 43 kDa, one after absorbtion with each of the three
strains of mycobacteria, one after absorption with both M. kansasii and
M. tuberculosis. One serum showed lower reactivity with a band of 67
kDa after absorption with each of the three strains and another with the
16 kDa band. After absorption with M. marinum, one serum showed a
diminished reactivity with a band of 28 kDa, another with a band of 21
kDa after absorption with M. kansasii and M. tuberculosis. In one
serum the reactivity with an 18 kDa band diminished after absorption
with M. marinum and M. kansasii. One serum lost activity in a 28 kDa
band after absorbtion with M. marinum In the range between 43 to 67
kDa where no distinct bands were present, a diminished reactivity was
observed in 9 of the 21 sera. Two of the sera showed lower reactivity
after absorption with each of the three mycobacteria, one with M.
kansasii and M. marinum, two with M. Kansasii only and four with M.
marinum only (results not shown). The results are summarised in
TABLE I and II and shown in Figures 1-5.
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TABLE 1 - Additional bands observed after reaction with the mothers’
sera in relation to their neonates’ sera, according to the weight in kDa.

SAMPLE NUMBER ADDITIONAL BANDS IN THE
MOTHER’S SERA (kDa)

1 80
2 18, 21, 26
3 21
4 21
5 43, 36, 16
6 80, 67, 21
7 80, 36, 28
8 18, 16
9 30, 26, 18, 16
10 18, 16
11 38, 36, 21, 16
12 36
13 40, 34, 28, 26
14 40, 34
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TABLE 2 - Bands that showed less reactivity after incubation with the
serum of the mother absorbed with M. marinum, M. kansasiti and M.
tuberculosis, according to the weight in kDa.

SAMPLE BAND WITH BAND WITH BAND WITH
NUMBER LESS REACTIVITY LESS REACTIVITY LESS REACTIVITY

AFTER AFTER AFTER
ABSORPTION ABSORPTION ABSORPTION

WITH WITH WITH
M. MARINUM M. KANSASII M. TUBERCULOSIS

(in kDa) (in kDa) (in kDa)

1 80 80 80
2 18 18
3 21 21
4 43 43
5 43, 16 43, 16 43, 16
6 67 67 67
7 36, 28 80

Fig. 1 - Strips immunostained for human IgG of nine pairs of mother and
child. The first strip on the left molecular weight standard and last one
on the right is the negative control. In each group of two, the one on the
left was reacted with the mother’s serum and the one on the right, with
the newborn’s serum. There are individual differences among the bands
and the pattern of each baby is similar to the one from its mother, but less
heavily stained.
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For FIGURES nº 2, 3 and 4 the results from two pairs of mother an
child are shown in each figure. The two strips in the middle are controls
for the immunostaining and the two next to them are controls for the
absorption. From right to left in each group of 5 strips are seen: the one
reacted with the newborn’s serum with the mother’s serum, with the
mother’s serum absorbed with M. marinun, M. kansaii and M. tubercu-
losis, respectively.

Fig. 2 - Group 1 - band of approximatly 24 kD is seen only on the strip
reacted with the mother’s serum and disappears after absorption with the
three strains of mycobacteria. Band of approximately 45 kD, only seen
on the strip reacted with the mother’s serum disappears after absorption
with M. kansasii. Group 2 - bands in the region of 26, 28 and 34 kD only
seen on the strip reacted with the mother’s serum partially disappears
after absorption with the three strains of mycobacteria.
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Fig. 3 - Group 3 - band in the region of 43 kD, seen only on the strip
rescted with the mother’s serum totally disappears after absorption with
M. kansasii and M. tuberculosis. Group 4 - band of approximately 60 kD
seen on the strip reacted with the mother’s serum disappears totally after
absorption with M. marinun and partially after absorption with M.
kansasii.
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Fig. 4 - Group 5 - three bands from the region from 60 to 65 kD seen only
on the strip reacted with the mother’s serum partially disappeared after
absorption with M. marinun and M. tuberculosis. Group 6 - band of
approximately 42 kD visible only on the strip reacted with serum from
the mother can no longer be seen after absorption with the three strains
of mycobacteria.
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Fig. 5 - Both groups 7 and 8, from right to left, show strips reacted with
the newborn’s serum mother’s serum, mother’s serum absorved with M.
marinun, with M. kansasii, with M. tuberculosis, control for absorption
and control for immunostaining. Group 7 - band of approximately 16 kD,
only seen on the strip reacted with the mother’s serum, partially disap-
pears after absorption with M. marinun and M. kansasi. Group 8 - The
same can be seen with bands in the region of 16, 21 and 40 kD after
absorption with M. kansasii.
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DISCUSSION

The results of a previous study using MoAbs against M. leprae anti-
genic determinants in cryostat sections of normal human skin strongly
suggested a similarity between some of the M. leprae antigenic determi-
nants and those of the human host (Naafs et al., 1990). This was sup-
ported by further studies using sera of leprosy patients and healthy
human controls in Western blot against a human epidermal extract (Van
den Akkeer et al., 1992). Subsequent absorption studies also supported
this suggestion (Id, ibi).

It was theorised that such a reported similarity on one hand could
induce a state of immunologic tolerance and on the other hand could
induce auto-immunity (Naafs et al., 1990; Van den Akker et al., 1992).

The present study was designed to show that during their lifetime
humans may develop an enhanced immunologic recognition of their own
antigenic determinants which is not present at birth and that such a
recognition of these determinants may be induced by mycobacteria. The
study focused on IgM antibodies because IgG antibodies are known to
cross the placenta (Avrech et al., 1994), as also shown in this study. The
reactivity patterns of IgG antibodies in mother's and her neonate's sera
were identical, as also reported by others (Nagao et al., 1998), though the
titre of the antibodies was different, being lower in the neonate.
Generally, IgM antibodies are considered not to pass from mother to feu-
tus and the presence of IgM antibody in the neonate suggests an actual
contact of the feutal immune system with the specific antigenic determi-
nant (Avrech et al., 1994; Nagao et al., 1998). It was observed that 14 out
of the 21 mother's sera reacted with more antigenic determinants present
in the epidermal extract than their infant's sera. The absorption studies
showed that in the sera of 7 mothers out of these 14, some of these anti-
genic determinants were identical to those also present on the mycobac-
teria used for the experiment.

Total absence of reactivity to a protein band in the blot after absorp-
tion with a mycobacterial sonicate indicates that all antibodies directed
against that specific protein, which were present in the serum, had also
bound to the mycobacterial antigenic determinants in the pellet and were
thus absorbed out of the serum. Partial lowering of the reactivity can be
explained by assuming that the sera also contained antibodies directed
against antigenic determinants in that particular protein band that were
not cross-reacting with the antigens in the mycobacterial sonicate used
for the absorption study. Other less likely possibilities include the
amount of antibodies in the serum exceeding the available antigenic
determinants in the sonicate and a possible low affinity of the cross-
reacting antibodies to the mycobacterial antigens.

Earlier studies showed that some antigens are common to all
mycobacteria, most nocardia and some corynebacteria and other related
genera (Stanford & Wong, 1974; Stanford et al., 1975). Such common
antigenic determinants may be responsible for the observation that there
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was no reactivity to some of the protein bands after absorption with two
or all three strains of the mycobacterial sonicates. Disappearance of the
reactivity with only one of the three strains may be due to an antigenic
determinant that is more specific for that mycobacterium.

The observation hat after absorption, some bands are still visible in
one mother but not in another signifies a difference in the individual
response of the mothers to the epidermal and/or mycobacterial antigens,
reflecting the differences in their genetic make-up and their micro-bacter-
ial history in  the context  of infecting and environmental micro-organisms.

The occurrence of autoantibodies against epidermal antigens in the
sera of healthy individuals has well been recognised by several investiga-
tors (Serre et al., 1987; Abel Bystryn, 1976; Paluch & Bloch, 1982;
Ackermann-Schopf et al.; Iwatsuki et al, 1986; Hintner et al, 1983;
Holland et al, 1985). Studies comparing sera from healthy controls with
that of patients with different diseases showed that anti-epidermal anti-
bodies are frequently directed against keratin polypeptides with a molecu-
lar weight varying from 17 to 50 kDa (Sun et al., 1983). The antibodies
observed in this study reacted mostly against epidermal proteins of 62-64
kDa and16-35 kDa. It is not unlikely that some of these antibodies are
directed against Heat Shock Proteins (HSPs) which are  present in the epi-
dermis together with the keratins (Rambukkana et al., 1992).

This study shows that the mothers sera in general recognised more
auto-antigens than those of their neonates, suggesting that humans
develop such recognition during their lifetime. Since some of the anti-
gens studied in this study seem to share antigenic determinants with
the mycobacteria studied, it is tempting to suggest that the recognition
of self can be induced and/or maintained by exposure to infective
and/or environmental microorganisms. Though other mechanisms like
trauma to the epidermis with consequent exposure to antigenic deter-
minants cannot be excluded. It was observed that M. tuberculosis
seemed to be the most effective mycobacterium in the absorption
experiments. This could be due to the fact that all the mothers had been
vaccinated with BCG in infancy.

Mycobacteria have a widespread distribution in nature and different
species may vary in prevalence from one region to another (Collins et al.,
1984; Lyons & Naafs, 1987) inducing different responses in the individ-
uals living in such areas (Rook and Stanford, 1992; Lyons and Naafs,
1987). Besides the etiologic role of these micro-organisms in tuberculo-
sis, leprosy and some other less common infections, accumulating evi-
dence indicates a possible participation of mycobacteria in a number of
auto-immune diseases like diabetes, biliary cirrhosis, Crohn's disease,
rheumatoid arthritis and systemic lupus erythematodes (SLE) (Avioach
et al., 1990; Ehrenstein & Isenberg, 1991; Cohen & Young, 1991; Van
Eden et al, 1987; Elias et al, 1990).  

The study reported here provides further supportive evidence that
infective and environmental microorganisms may induce recognition of
auto-antigens.

22

ARANDA,
Christina M. et al.
Environmental
mycobacteria may
induce recogni-
tion of auto-anti-
gens.
Circumstantial
evidence using
maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,
p. 11-26, 2001.



23

ACKNOWLEDGEMENT

Dr Christina M. Aranda was supported by the Q.M Gastmann
Wichersstichting, Dr Roel Chin-A-Lien by the Netherlands Leprosy
Relief Association. The help of Dr. J v.d. Sluis is grateful acknowledged.
At the time Prof. Dr. Th van Joost and Prof. Dr. E Stolz were the heads
of  the dermato-venereology department in Rotterdam.

LITERATURE

1 NAAFS, B.; KOLK, A. H. J.; CHIN-A-LIEN, RAM; FABER, W.R.,
van Dijk G.; KUIJPER, S.; STOLZ, E.; VAN JOOST Th. Anti-
Mycobacterium leprae monoclonal antibodies cross-react with
human skin: an alternative explanation for the immune response in
leprosy. J. Invest. Dermatol. v. 94, p. 685-688, 1990.

2 VAN DEN AKKER T. H. W.; NAAFS, B.; KOLK, A. H. J.;
GLOPPER-VAN DE VEER E.; CHIN-A-LIEN RAM; VAN
JOOST, T.h. Similarity between mycobacterial and human epider-
mis antigens. Brit. J. Dermatol. v. 127, p. 353-358, 1992.

3 HOLOSHITZ, J.; KLAJMAN, A.; DRUCKER, I.; LAPIDOT, Z.;
YARETZKY, A.; FRENKEL, A.; VAN EDEN, W.; COHEN, I. R.
Tlymphocytes of rheumatoid arthritis patients show augmented
reactivity to a fraction of mycobacteria cross-reactive with cartilage.
Lancet, v. 9, 2, n. 8502, p. 305-309, 1986.

4 SHOENFELD, Y.; ISENBERG, D. A. Mycobacteria and autoimmu-
nity. Immunol. Today, v. 9, 178-182, 1988.

5 ESAQUY, P. N.; AUGUAS, A. P.; VAN EMBDEN, J. D.; SILVA,
M.T. Mycobacteria and human autoimmune disease: direct evidence
of cross-reactivity between human lactoferrin and the 65-kilodalton
protein of tubercle and leprosy bacilli. Infect. Immun. v. 59, p. 1117-
1125, 1991. 

6 VILAGUT, L.; VILA, J.; VINAS, O.; PARES, A.; GINES, A.;
JIMENEZ DE ANTA, M. T.; RODES, J. Cross-reactivity of anti-
Mycobacterium gordonae antibodies with the major mitochondrial
autoantigens in primary biliary cirrhosis. J. Hepatol., v. 21, n. 4, p.
673-677, 1994.

7 VILAGUT, L.; PARES, A.; VINAS, O.; VILA, J.; JIMINEZ DE
ANTA, M. T.; RODES J. Antibodies to bacterial 65 kDa heatshock
protein, cross-react with the main mitochondrial  antigens in
patients with primary biliary cirrhosis. Eur. J. Clin.Invest. v. 8, p.
667-672, 1997.  

8 IZAKI, S.; GOTO, Y.; KITAMURA, K.; NOMAGUCHI, H.

ARANDA,
Christina M. et al.

Environmental
mycobacteria may

induce recogni-
tion of auto-anti-

gens.
Circumstantial
evidence using

maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,

p. 11-26, 2001.



Antibody to 65-kD stress protein (HSP65) of Mycobacterium leprae
in various inflammatory skin diseases. A preliminary report. Nippon
Rai Gakkai Zasshi, v. 63, n. 1, p. 3-11, 1994.

9 YOKOTA, S.; TUSBAKI, K.; KURIYAMA, T.; SHIMIZU, H.; IBE,
M.; MITSUDA T.; AIHARA. Y.; KOSUGE, K.; NOMAGUCHI, H.
Presence in Kawasaki disease of antibodies to  mycobacterial heat-
shock protein HSP65 and autoantibodies to epitopes of human
HSP65 cognate antigen. Clin. Immunol. Immunopathol. v. 67, n. 2
p. 163-170, 1993.

10 ROOK, G. A.; STANFORD, J. L. Slow bacterial infections or
autoimmunity? Immunol. Today, v. 13, p. 160-164, 1992.

11 LAEMMLI, U. K. Cleavage of structural proteins during the assem-
bly of the head of  bacteriophage. Nature, v. 227, p. 680-685, 1970.

12 KLATSER, P. R.; VAN RENS, M. M.; EGGELTE, T. A.
Immunochemical characterisation of  Mycobacterium leprae anti-
gens by the SDS-polyacrylamide gel electrophoresis immunoperox-
idase technique (SGIP) using patients' sera. Clin. Exp. Immunol, v.
56, p. 537-544, 1989.

13 AVRECH, O. M.; SAMRA, Z.; LAZAROVICH, Z.; CASPI, E.;
JACOBOVICH, A.; SOMPOLINSKI, D. Efficacy of the placental
barrier for immunoglobulins: correlations between maternal, pater-
nal and feutal immunoglobulin levels. Int. Arch. Allergy Immunol. v.
103, p. 160-165, 1994.

14 NAGAO, A. T.; MARTINEZ, C. L; VIEIRA, V. S.; TAKANO, O. A.;
COSTA-CARVALHO, B. T.; CARNEIRO-SAMPAIO, M. M.
Placental transfer of Ig and IgG subclass antibodies antipurified
Escherichia coli LPS 016, 06 and O 111. Scand. J. Immunol, v. 47,
p. 609-614, 1998.

15 STANFORD, J. L.; WONG, J. K. L. A study of the relationship
between Nocardia and  Mycobacterium diernhoferi - a typical fast
growing mycobacterium. Br. J. Exp. Path, v. 55, p. 579, 1974.

16 STANFORD, J. L.; ROOK, G, A.; CONVIT, J.; GODAL, T.,
KRONVALL, G.; REES, R. J.; WALSH,  G. P. Preliminary taxo-
nomic studies on the leprosy bacillus. Br. J. Exp. Pathol, v. 56,  p.
579-585, 1975.

17 SERRE, G.; VINCENT, C.; VIRABEN, R.; SOLEILHAVOUP J. P.
Natural IgM and IgG autoantibodies to epidermal keratins in normal
human sera. I: ELISA-titration,  immunofluorescence study. J.
Invest. Dermatol., v. 88, p. 21-27, 1987.

18 ABEL, E. A.; BYSTRYN, J. C. Epidermal cytoplasmic antibodies:
incidence and type in normal persons and patients with melanoma.
J. Invest. Dermatol., v. 66, p. 44-48, 1976.

24

ARANDA,
Christina M. et al.
Environmental
mycobacteria may
induce recogni-
tion of auto-anti-
gens.
Circumstantial
evidence using
maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,
p. 11-26, 2001.



25

19 PALUCH, E. P.; BLOCH, K. J. Antibodies to human epidermal
cytoplasmic antigens: incidence, patterns and titres. J. Invest.
Dermatol.,v. 79, p. 115-118, 1982.

20 ACKERMANN-SCHOPF, C.; ACKERMANN, R.; TERASAKI,
P.I.; LEVY J. Natural and  acquired epidermal autoantibodies in
man. J. Immunol., v. 112, p. 2063-2067, 1974.

21 IWATSUKI, K.; VIAC, J.; REANO, A.; MORERA, A.; STAQUET,
M. J.; THIVOLET, J.; MONIER, J. C. Comparative studies in natu-
rally occurring antikeratin antibodies in human sera. J. Invest.
Dermatol., v. 87, p. 179-184, 1986.

22 HINTNER, H.; STEINERT, P. M.; LAWLEY, T. J. Human upper epi-
dermal cytoplasmic  antibodies are directed against keratin interme-
diate filament proteins. J. Clin. Invest., v. 72, p. 1344-1351, 1983.

23 HOLLAND, D. B.; GOWLAND, G.; CUNLIFFE, W. J. Age inci-
dence of antibodies to  normal human epidermis. Br. J. Dermatol.,
v. 112, p. 687-690, 1985.

24 SUN, T. T.; EICHNER, R.; NELSON, W. G.; TSENG, S. C.; WEISS,
R. A.; JARVINEN, M.; WOODCOCK-MITCHELL, J. Keratin
classes: molecular markers for different types of epithelial differen-
tiation. J. Invest. Dermatol., v. 81, suppl. 1, p. 109s-115s,1983.

25 RAMBUKKANA, A.; DAS, P. K.; KRIEG, S.; YOUNG, S.; LE
POOLE, I. C.; BOS, J. D.;  Mycobacterial 65,000 MW heat-shock
protein shares a carboxy-terminal epitope  with human epidermal
cytokeratin _. Immunology., v.77, p. 267-276, 1992.

26 COLLINS, C. H.; GRANGE, J. M.; YATES, M. D. Mycobacteria in
water. J. Appl.  Bacteriol., v. 57, p. 193-211, 1984.

27 LYONS, N. F.; NAAFS, B. Influence of environmental mycobacte-
ria on the  prevalence of leprosy clinical type. Int. J. Lepr. Other
Mycobact. Dis., v. 55, p. 637-645,1987.

28 AVINOACH, I.; AMITAL-TEPLIZK, H.; KUPERMAN. O.;
ISENBERG, D. A.; SHOENFELD, Y. Characteristics of antineu-
ronal antibodies in systemic lupus erythematosus  patients with and
without central nervous system involvement: the role of the
mycobacterial cross-reacting antigens. Isr. J. Med. Sci., v. 26, p. 367-
373, 1990.

29 EHRENSTEIN. M.; ISENBERG, D. Autoimmunity associated with
infection: leprosy, acute rheumatic fever and Lyme disease.
Curr.Opinion. Immun. v. 3, p. 930-935, 1991.

30 COHEN, I. R.; YOUNG D. B. Autoimmunity, microbial immunity
and immunological homunculus. Immunol. Today, v.12, p. 105-110,
1991.

ARANDA,
Christina M. et al.

Environmental
mycobacteria may

induce recogni-
tion of auto-anti-

gens.
Circumstantial
evidence using

maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,

p. 11-26, 2001.



31 VAN EDEN, W.; HOLOSHITZ, J.; COHEN, I. Antigenic mimicry
between  mycobacteria and cartilage proteoglycans: the model of
adjuvant arthritis. Concepts Immunopathol., v.4, p. 144-170, 1987.

32 ELIAS, D.; MARKOVITS, D.; RESHAF, T.; VAN DER ZEE R.;
COHEN, I. R. Induction and  therapy of autoimmune diabetes in
non-obese diabetic (NOD/Lt) mouse by a 65- kDa heat-shock pro-
tein. Proc. Nat.l Acad. Sci., v.87, p. 1576-1580, 1990.

26

ARANDA,
Christina M. et al.
Environmental
mycobacteria may
induce recogni-
tion of auto-anti-
gens.
Circumstantial
evidence using
maternal and cord
blood. Salusvita,
Bauru, v. 20, n.2,
p. 11-26, 2001.




