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No Evidence of Linkage Between Mitsuda Reaction and
the NRAMP1 Locus'
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The inUadermal injection of 0.1 lepromin
may provoke a Iate response (Mitsuda reac-
tion) which is a consequence of events that
follow the phagocytosis of the lepromin's
hcat-killed MVcobarIerium lepras' by the
skin ntacrophaees (histiocytes). This late
lepromin reaction may be clinically and his-
tologically evaluated at 4 weeks. During the
Sixth International Congress of Leprosy ( 3 ')
it was reconunendecl that tive classes of the
Mitsuda reaction should be clinically read
as: absence of an observable or palpable el-
ement (neeative reaction, —); a perceptible
dentem smaller than 3 min in riiameter
(douht fui reaction, ±); a conspicuous intil-
1 ated element 3-5 mm in diameter (posi-
tive reaction, +); a conspicuous infiltJated
element larger than 5 min (positive reac-
tion, ++): ara ulcerated large nodul e (posi-
tive reaction, +++).

When histologically evaluated, a positive
Mitsuda reaction is defined by the presence
of epithelioid cclls, usually assuming a tu-
berculoid or tuberculoid-like structure,
where acid-fast bacilli (AFB) are absent or
scarcely found. This reaction indicates,
therefore. that the macrophages are able to
digest phagocytized heat-ki1led NI. leprae,
since this response is a consequence of the
destruction of bacilli contained in lepromin
by the macrophages which transform thcn) -
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relves finto epithelioid elements. In the neg-
ative Mitsuda reaction the phagocytized
AFI3 are not destroyed nor is a tendency to
a tuberculoid structure seen (5. `' ''' 24). The
association between the macrophages' abil-
ity to destroy the leprosy bacilli contained
in lepromin microscopically observed and
the clinicai expression of this reaction is not
complete. That is why ira some cases histo-
locic correspondence may not be found ira
either positive or negative Mitsuda reac-
tions as read clinically ( 5 t' 24 ).

Since the bacilli contained ira lepromin are
heat-killcd, the Mitsucla reaction cannot be
considered a replica of the leprosy infection.
Nevertheless, Chis reaction lias a high prog-
nostic value, since Mitsuda-positive contacts
of leprosy patients are free from the risk of
manifestine lepromatous leprosy, which is
completely associated with a negative Mit-
sucla reaction ( 15 '' 5). Otherwise stated, a pos-
itive Mitsucla reaction indicares that the
macrophages are able to destro) , either dead
or living leprosy bacilli. In contrast, leprosy
contacts who persistently exhibit a negative
Mitsuda reaction are considered to be at risk
of contracting leprosy.

Early papeis have shown that the macro-
scopically evaluated Mitsuda reaction is a fa-
milial tralt either among families free of lep-
rosy (z` "') or among families of Icprosy pa-
tients from Brazil (") and from Incha ( 1 ". 2").

Moreover, when the Mitsuda reaction was
quantitatively analyzed, a significam par-
ent-offspring correlation of . the mear re-
sponses was observed ira families free of
leprosy as well as in families of leprosy pa-
tients ( 12 ).

Since a higher proportion of Mitsuda-
negative individuais is bom to Mitsucla-
negative parents, the opposite being ob-
served ira the offspring of Mitsuda-positive
parents, Chis dose parent-offspring associa-
tion of the Mitsuda reaction favoreci the hy-
pothesis that ara autosomal gene pair could
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TABLE I. NRAMPI polyinoiphisms, primers anel res/riction enzvmes used anel the
clifferent ct//eles which were identified ( 21 ).

TCG CAC CAT CCC TAT ACC CAG
274C/T^TCT CGA AAG TGT CCC ACT CAG

(216 hp)

GCA TCT CCC CAA TTC ATG GT
D543N^AAC TGT CCC ACT CTA TCC TG

(240 or 244 bp)

1729 + 55de14^Same as for D543N

Mn/ 
/^Alicie 1(T) = 167, 37 and 12 hp

Allcle 2(C) = 102, 65, 37 and 12 hp

Alicie 1(Asn) = 201 and 39 hp
Alicie 2(Asp) = 126, 79 and 39 hp

Alicie l(—TGTG) = 240 hp
Allcle 2(+TGTG) = 211 and 33 bp

Ara II

FoÁ /

be responsible for this trait, the negative re-
action being the recessive phenotype ( 7-9 ).
This hypothesis was proven Irue recently
when Feitosa, et ai. ( 17) applied complex
segregation analysis to family data of lep-
rosy patients using the unilied mudei of
Lalouel, et ai. ( 20). According to Feitosa, et
ai. ( 17), a Mendelian transmission for the
Mitsuda reaction should be accepted be-
yond doubt, the positive phenotype being
attributed to a partia) dominant effect (de-
gree of dominance estimated as 0.811).

These results stimulated the search for a
locus responsible for the Mitsuda reaction.
Taking finto account that a) the Mitsuda-
negative phenotype is associated with lep-
romatous leprosy and b) the levei of Com-
plexity of this reaction is obviously much
lower than that required for the manifesta-
tion of this polar type of leprosy, the search
for a locus responsible for the Mitsuda reac-
tion seemed to be an easier way to find the
locus responsible for susceptibility/resis-
tance to lepromatous leprosy than the study
of families of lepromatous patients ( 16)

Thus, it was attractive to start linkage
studies on the Mitsuda reaction with three
polymorphic markers at the NRAMPI gene
mapped in human chromosome 205 ( 21 ).
This gene was proposed to be a major gene
for susceptibility/resistance to mycobacte-
rial infection lince it is a homolog to the
mouse Nrampl gene (natural resistance as-
sociated macrophage protein 1), formerly
designed alternatively as Lsh, Itv or Bcg
(". ". 32) in which a single amino acid
change has been found to be associated
with the inborn susceptibility to severa) in-
tracellular parasites, such as M. leprae-

muniam, BCG, and species of Leishmunia
and Sanwnella (").

SUBJECTS AND METHODS
Thirty sib-pairs were ascertained through

unrelated lepromatous probands (index
cases) living in Bauru in the state of São
Paulo, Brazil, or in neighbor cities, and clin-
ically examined by one of us (D.V.A.O.).
The mear age of the probands was 44.5 ±
16.81 years, while the average age of their
sibs was 42.6 ± 17.29 years. The macro-
phages' incapacity to destroy phagocytized
M. leprae of the probands was demon-
strated histopathologically and also by their
clinically and microscopically examined
Mitsuda-negative reactions. The probands'
sibs consisted of 22 healthy individuais and
8 leprosy patients (5 lepromatous, 2 border-
line bacilloscopically positive, 1 tubercu-
loid). The Mitsuda reactions of ali these
sibs were evaluated both macroscopically
and histologically.

Since the Iate response to lepromin injec-
tion was evaluated both clinically and mi-
croscopically, the different degrees of posi-
tivity of the Mitsuda reaction could be dis-
dained, ali individuais being able to be
grouped for the present analysis in only two
classes—as positive or negative Mitsuda re-
actors.

High molecular weight genomic DNA
was extracted from the white blood cells of
ali of the sib-pairs according to standard
protocols ( 29 ) and stored at 4°C in Tris-
EDTA (10 mM Tris-HC1 and 1 mM EDTA,
pH 8.0). The three polymorphisms were
identified by polymerase chain reaction
(PCR) using primers described in Table 1
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TAI3LE 2. Coniingencv tables for three
markers anel the Mitsuda reaction pheno-
t vpe.

Mitsucla reaction

543^x' = 0.901
1729 + 55det4 x. 2 = 0.023e

274^x2= 1.330"

°Correctcd for continuity.

(2 '). The PCR amplification was carried out
in 40 reaction volumes containing 50—l00
ng genomic DNA, 10 mM Tris-HCL (pH
9.0), 50 mM KCI, 1.5 mM MgCl„ 0.2 mM
of each dNTP, 20 pmol of each primor, and
1 unit of Taci polymerase (Pharmacia
Biotech). After initial denaturation for 5
min at 94°C, amplifìcation was accom-
plishcd using a protocol with 30 cycles in-
cluding 1 min at 94°C, 1 min at 60°C and 1
min at 72°C, followed by a final extension
of 10 min at 72°C in a MJ Research PT I 00
cycler. Negative controls were included in
every run to test possiblc contamination.

The genotyping of NRAMPI, 274 C/T
polymorphisms using PCR produced a 216
bp fìagment. Treated with Mn/ / restriction
enzyme at 37°C overnight, they defined the
allele 1 (T) and allele 2 (C) of this polymor-
phism. Other PCRs were carricd out for the
determination of NRAMP 1-D543N anel
1729 + 55de14, using the same primers for
both. The PCR products were either 240 or
244 bp fragments which, after being treated
with Atra / or Fol: / restriction enzymes, al-
lowed the determination of lhe different al-
leles of the D543N and 1 729 + 55de14 poly-
morphisms, respectively (Table 1). DNA
fragments were resolved by electrophoresis
in 12% acrylamide gels, ethidium bromide
stained, and photographed under UV light.

The unsophisticated formulation of Pen-
rose ( 23) was applied to the data, and the
tests of hypotheses were done by using chi-
squared (x') in a two by two contingency
table with one degree of freedom. The sib-

pairs were classified as either equal or un-
equal for the marker, as for the Mitsuda
phenotype.

RESULTS AND DISCUSSION
The results of these sib-pair comparisons

are shown in Table 2, and they are clear in
the sense that there is no evidence of link-
age lince the comparisons for these three
markers were nonsigniticant. The face
value of the comparisons between the ob-
served and expected values of the most in-
formative marker, 274 C/T, which is a
highly polymorphic locus, are in the oppo-
site direction to those expected in the pres-
ence of linkage. In spite of dealing with a
relatively small sample and using an unso-
phisticated statistical method, il should be
kept in minei that when the same procedure
was applied to this sample with regard to
the markers used in this study, which are
obviously known to be linked, 1 out of 3
tests gave the expected highly signilicant
residi (corrected x' = 21.970: 1 DF; p
<<0.001). These results agree with those of
Shaw, et al. Cl, Roger, et al. Cl anel Roy,
et ul. (27), where no signiticant association
could be found between the NRAMP I lo-
cus and the different types of leprosy.

Some of the existing reported results re-
quire special discussion. Both in the Desi-
rade Islands ( 14 ) and among the Victnamese
(') evidence of a major gene responsible for
leprosy per se were observed, while this re-
sult could not be reproduced among the
Chinese ( 2 ) or in a very large Brazilian sam-
ple ( 16). It is important to bring up this mal-
ter, in the present context, because these
studies did not show any suggestion of the
action of major genes in lepromatous lep-
rosy, a disease which is highly correlated
with the Mitsuda reaction.

Specilically, with respect to the genetics
of the Mitsuda phenotype, there are also ap-
parent discrepancies between the present
Brazilian study and the results involving
Chinese families reported by Abel, et al. ( 2 )
and the findings of Alcaïs, et al. (4), point-
ing to a significant linkage between the Mit-
suda phenotype and the NRAMP 1 region.

Aside from the possibilities of statistical
errors I and II on either type of studies,
there is an agreement between the present
tindings anel the very stimulatingg hypothe-
sis of Roy, et al. (27) postulaling the exis-
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tente of at least two independent genetic
mechanisms involved with this phenotype,
the discrepancies being due to different com-
binations of frequencies of the loci in ques-
tion. However, it should be borne in mind
that there is an increasing amount of evi-
dence Iinking the NRAMPI locus to tuber-
culosis ('"), also a macrophage-dependent
infection. The seemingly agreement on the
susceptibility to tuberculosis and NRAMPI
linkage on the one hand and the apparent
heterogeneity of the data on leprosy on the
other could be an indication of a greater
complexity of the genetic mechanism
involved in resistance/susceptibility to the
latter.

SUMMARY
Thirty sib-pairs were ascertained through

unrelated lepromatous probands. They con-
sisted of 22 healthy individuais and 8 lep-
rosy patients. The Mitsuda reactions of ali
sibs were evaluated both macroscopically
and histologically, and high molecular
weight genomic DNA was extracted froco
the white blood cells of ali sib-pairs. Three
DNA polymorphisms identified by poly-
merase chain reaction (274C/T, D543N,
1729 + 55de14) were used as chromosome
markers at the NRAMPI locus. Sib-pair
comparisons did not disclose any sign of
Glose linkage between the Mitsuda reaction
and the genetic markers.

RESUMEN
Se estudiaron la reacción de Mitsuda y los polimorfis-
mos 274C/T, D543N y 1729+55de/4 en el locus
RAMPI en parejas de hermanos dentro de los cuales
hubieron 22 individuos canos y 8 pacientes con lepra.
La reacción de Mitsuda se evaluó tanto macroscópica-
mente como histológicamente y los polimorfismos en
el DNA leucocitario, por la reacción en cadena de la
DNA polimerasa. La comparación entre los hermanos
no reveló ninguna asociación entre la reacción de Mit-
suda y los marcadores genéticos estudiados.

RÉSUMÉ
Trente individus groupés en parents-descendants

appariés ont été évalués à partir de cas-index
(propositi) lépromateux sans liens de parenté. Ils con-
sistaient en 22 individus cliniquement sains et 8 pa-
tients hanséniens. Les réactions de Mitsuda furent
évaluées à la fois macroscopiquement et histolo-
giquement, et de I'ADN génomique de haut poids
moléculaire fut isolé des leucocytes de tous les indi-
vidus groupés en parents-descendants appariés. Trois

tones de puiynwrphisme de 1'ADN identiliées par la
réaction de polymérase en chaine (274C/'1', D543N,
1729+55de/4) furem utilisés comine marqueurs chro-
mosomiques du locas tRAMP I. I.a comparai son des
groupes de parents-descendants appariés n'a pas per-
mis de révéler d'association étroite entre la réaction de
Mitsuda et les marqueurs génétiques.
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