Isversanoxan Jovrsae o Lernosy

Volume 36, Number 2
Printed in U.S.4.

A Controlled Study of Polymorphisms in Serum Globulin

and Glucose-6-Phosphate Dehydrogenase Deficiency

in Leprosy "*

Michel F. Lechat, Wilma B. Bias, Baruch S. Blumberg, Liisa Melartin,

Ricardo S. Guinto, Bernice H. Cohen, Jose G. Tolentino

and Rodolfo M. Abalos*

Few studies of genetically determined
traits, other than erythrocyte antigens, or
phenylthiocarbamide taste ability (= *-
% 10) " have been conducted in leprosy.
Therefore, as part of an investigation of
genetic  polymorphism and leprosy con-
ducted under the auspices of the Leonard
Wood Memorial, five genetic markers were
studied in leprosy patients and controls
from Cebu, Philippines. Included were the
enzyme  glucose-6-phosphate  dehydro-
genase (G6PD) and four serum proteins,
viz., haptoglobins, transferrins, group-
specific components (Ge), and the g-
lipoprotein (Ag").

Haptoglobin is a protein component of
*he serum that has the capacity to bind
hemoglobin. In hemolytic diseases, the he-
moglobin from destroyed cells is removed
from circulation as a  haptoglobin-
hemoglobin complex. In such states the
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haptoglobin content of serum is greatly
reduced. Genetic variants of this protein
exist and can be detected by differential
patterns of electrophoretic mobility. The
common genetic types of molecules are
designated as Hp 1 and Hp 2. A person
homozygous for Hp 1 is called Hp 1:1; one
homozygous for Hp 2 is Hp 2:2. The
heterozygote is designated Hp 2:1. Trans-
ferrin is an iron-binding protein constit-
uent of the serum which also exhibits
genetic polymorphism. The most frequent
type of transferrin is designated Tfe. Vari-
ants are very infrequent and, those that
migrate faster than Tfc in starch-gel elec-
trophoresis are called Tfb; those slower are
Tfd. There are subgroups of Tfb and Tid,
all based on relative mobility. The group
specific component (Ge) is an alpha mac-
roglobulin whose structure and function
have not been determined. It exhibits gen-
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ctic polymorphism that can also be typed
by electrophoresis. The Beta lipoproteins
represent one of the most complex groups
of the human serum proteins. At least two
or three independent loci are involved in
determining  separate lipoprotein  systems
(Ag, Lp, and cthers). These appear to be
definite polymorphisms, the varying types
of which are identified through electro-
phoretic technics, primarily electrophoresis.
Frequency variations in difterent geograph-
ic areas and populations suggest the like-
lihood of association with differential dis-
case susceptibility.

It is well recognized that inherited defici-
ency of G6PD, an x-linked trait, may lead
to severe hemolytic anemia after ingestion
of fava beans or any of a number of drugs
such as primaquine (an antimalarial drug),
naphthalene, furodantin and sulfonamides.
Of interest is the suggestion of Pettit and
Chin (') that deficiency of G6PD might
predispose to lepra reaction in  sulfone-
treated leprosy patients, although Beiguel-
man et al. () found no evidence of such a
relationship. Since this enzyme deficiency
varies considerably in different populations
and has been reported in 12.7 per cent of
Filipino cannery workers in Alaska (1), it
seemed useful to examine the trait in the
Cebu study.

The genetic types of haptoglobins, iden-
tified by starch gel electrophoresis, are de-
termined by an autosomal multiple allelic
series, with the proportions of the three
principal phenotypes, 1:1, 2:1, and 2:2,
differing in various human populations. In
investigations carried out by Schwantes et
al. (") in Brazil, and Povey and Horton
(") in India, no differences in hapto-
globin distribution were found among pa-
tients with different types of leprosy, or
between patients and the general popula-
tion, but this seemed worthy of reexamina-
tion.

Like the haptoglobins, the phenotypes of
transferrins are also determined by auto-
somal allelic genes, but unlike the hapto-
globins, homozygosity for one type, C, is
the most common in all populations, Vari-
ants with other mobility (Bo, DI, ete.)
have been found in relatively high frequen-
cy in some populations, particularly in non-
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Caucasians, Since leprosy is prevalent in
non-Caucasians, it appearced desirable to
study the frequency ol transferring in our
study population.

Ge types, also determined by autosomal
alleles, were first described by Hirschteld
(%), when he modified an earlier immuno-
clectrophoretic technice. Most of the popula-
tions studied since then show three main
phenotypes, viz., Ge 1:1. Ge 2:2, and Ge
2:1, with a few rare variants, ec.g., Ge
Aborigene found in New Guinea and Ge
Chippewa in American Indians. Therefore
this genetic  polymorphism was  investi-
gated. Inherited antigenic specificities of
the serum beta-lipoproteins  (the Ag sys-
tem) have been detected by the use of
antisera that develop in transfused patients
(*). The specificities are detected by pre-
cipitin reactions in agar gel double dif-
fusion experiments (). Many specificities
have now been detected. In this study the
original antiserum used in the lipoprotein
studies was used (C. de B.); this has now
been shown to contain at least three difter-
ent specilicities (*).

MATERIALS AND METHODS

Sampling, specimen collection and han-
dling. The study sample consisted of 557
leprosy patients and 434 control subjects.
Among the leprosy patients, 256 were le-
promatous (46.0%), 224 were tuberculoid
(40.2%), and 77 showed other forms of the
disease or were unclassified (13.8%). In-
formation on the presence or absence of
lepra reaction over the four years prior to
the study, was available on 229 leproma-
tous cases; 144 (62.9%) had a record of
lepra reaction. The distribution of the total
sample by age, sex, and birthplace is given
in Table 1.

Specimens of blood were drawn from
patients at the Eversley Childs Sanitarium
in Mandawe (near Cebu City), the Cebu
Traveling Skin Clinics, and the Leonard
Wood Memorial Epidemiologic Unit in
Cebu City. The control specimens were
obtained on a voluntary basis from medical
students at the Cebu Institute of Technol-
ogy (134 specimens, or 30.9% of the control
specimens ), and in a sequential manner
from patients consulting at the Cebu Skin



Birthplace”

Age®

Age, sex, and birthplace distribution for controls and cases.
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Dispensary  for  dermatologic  conditions
T PR other than leprosy (69.1% of the control
: specimens ). Because of insufficient gquan-
tity of serum in some specimens, 1 per cent
of the sample was not typed for hapto-
globins, 1.6 per cent for Ge, 5.6 per cent for
transterrins, and 4.6 per cent for the Ag
system. It should also be noted that since
G6PD  is  sex-linked, only males were
studied for this marker, viz., 223 cases and
269 controls. These were similar in age and
birthplace distribution to the total sample.
The sampling methods, diagnostic criteria
and technics of blood collection and ship-
ment have been described in more detail in
a previous paper ('),

Laboratory technics. Standard laboratory
procedures were used for analysis of
phenotypes. Deficiency of G6PD was de-
termined in Cebu on freshly drawn sam-
CA P ples. The spot test method described by

ol Fairbanks and Beutler (7) was used.

Typing for serum proteins was carried
out over a period ranging from one to two
vears after blood collection, during which
time the serum was kept frozen at —20°C.
For the haptoglobin and Ge¢ determinations
the vertical starch gel electrophoresis meth-
od of Smithies (') was used. For the
transferrins the starch gel system of Smith-
ies (') and Poulik’s discontinuous buffer
(") were employed. A micro-Ouchterlony
technic was used for the lipoprotein (Ag)
specifities ().

To avoid observer bias, the specimens
were labeled with code numbers. The labo-
ratory technicians, therefore, had no way of
distinguishing the code numbers of cases
from those of the controls.

Data processing and analysis. Epide-
miologic and clincial information, as well as
laboratory results, were coded for computer
processing. Phenotypic differences were ex-
amined for possible association with lepro-
sy, type of leprosy, lepra reaction, and their
possible relationships to age, sex, duration
of disease, and province of origin. Two tests
of statistical significance were performed,
viz., the chi-square test on the distribution
of phenotypes and the Z test on differences
in the proportions of the phenotypes. Be-
cause of the small sample size, a number of
the statistical comparisons could not be
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performed, and, unless the probability of
occurrence was 005 or less, differences
were disregarded.

RESULTS

The phenotypic distributions of G6PD
deficiency, and haptoglobin, transferrin, Ge
and Ag types, are presented by discase
status, type of leprosy, history of lepra
reaction, and sex in Table 2, by age in
Table 3, and by duration of disease in
Table 4. Gene frequencies of cases and
controls are given in Table 5. The frequen-
cy of G6PD deficiency in cases and controls
by age is presented in Table 6.

Glucose-6-phosphate dehydrogenase. No
significant differences in the frequency of
G6PD deficiency were found to be asso-
ciated with leprosy, even when type of
leprosy and presence or absence of lepra
reaction were ('()l‘l.‘ii(l(?l‘(‘.‘(l.

Haptoglobins. Among the cases, neither
type of leprosy nor lepra reaction was de-
tectably associated with variations in the
distribution of haptoglobin phenotypes, al-
though subclassification by age did reveal
some deviations. In pooled cases, the pro-
portion of Hp 2:1 heterozygotes was signifi-
cantly lower in patients below 40 years of
age than in older patients (P < 0.01) (Ta-
ble 3).

When case-control comparisons were ex-
amined, an excess of Hp 1:1 homozygotes
was observed in all the patient groups, i.e.,
total cases, lepromatous cases, tuberculoid
cases, patients with lepra reaction, and
patients without reaction. This excess was
significant at the 0.01 probability level (Ta-
ble 2). Moreover, total cases and leproma-
tous cases had a corresponding deficit of
Hp 2:2 homozygotes when compared with
controls.

Comparisons repeated between groups
matched for age (under 40 and 40 or over)
showed that in each age group total cases,
as well as tuberculoid and lepromatous
cases considered separately, had a signifi-
cantly higher proportion of Hp 1:1 than
controls (Table 3). A corresponding deficit
in the proportion of Hp 2:2 homozygotes
was found among the lepromatous cases in
each age group and among the total cases
of the younger age group. Also, in this

TasLe 3. Phenolypic distribution according to disease status, lype of leprosy and age (under 40 years or 40 and over).
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younger group, a deficit of heterozygotes
appeared in total cases as well as leproma-
tous and tuberculoid cases.

The suggested excess of heterozygotes
among older cases as compared with young-
er cases, in the absence of such a devia-
tion among the controls, is, however, puz-
zling and raises the questions (1) whether
the haptoglobin 2:1 phenotype may yield a
selective advantage in leprosy and thus
preferential survival, (2) whether hapto-
globin heterozygotes may be susceptible to
a more persistent type of disease and have
a lower recovery rate (longer duration), or
(3) whether this observed difference is
merely a sampling artifact. The resolution
of this problem requires a longitudinal
study of leprosy patients blood-grouped
and diagnosed at onset.

As might be expected from the compari-
sons involving phenotypes, gene frequen-
cies revealed a considerable excess of the
Hp 1 gene (and a corresponding deficit of
the Hp 2 gene) in the total cases of both
vounger and older groups in comparisons
with controls of the corresponding age
groups (Table 5). The differences between
the lepromatous cases and the controls
were statistically significant, although the
differences for the tuberculoid cases com-
pared with controls were of borderline sig-
nificance and were restricted to the older
age group (the frequencies of the Hp 1
gene being respectively 0.335 and 0.460 in
the controls and in the tuberculoid cases
aged 40 and over).

Transferrins. No differences were ob-
served between leprosy cases and controls
in the freauencies of the phenotype Tfec.
The low frequency of other phenotypes
precluded statistical analysis by the various
parameters used in the haptoglobin analy-
sis.

Group-specific components. Since the Ge
component is readily degraded by contami-
nants in handling, specimens processed in
several different laboratories, shipped and
stored for long periods of time, may give
ambiguous results. Therefore, the observa-
tions of this study are presented with the
understanding that caution must be used
in interpreting them.

With all ages pooled, no differences were

uencies for cases and controls according lo sex, and age and for lepromatous and tuberculoid cases,

il

D, (fene freq

TABLE

(‘asex

Controls

=40

<40

VIS

=40

<40
T,

yrs.

Total M

TS,

M

Total

I= 010 o &
N+ s =
TG ™
i | g g
S oD o o
SoLT =M
= el B =T =T
b LT T B
—— =
ScSooooo
I= 20 2 v= = O
1=l R L &L
- g T Sl
o iy |
oS o oo
".':_l.!.“l’"-:‘—a-
(= e e BT R
- e = O

0,45
0.513
5}

046

0.335
(.665
0.625

[ (o BTl

79
0.621

1

H.

0.

L
n TS
i

0.241

0.3

0.642
5
0.4
0.993
0.302

Hp 1
Hp 2
Ge |l

2
Tt CC
Aga +

185



186 International Journal of Leprosy

found between total cases and controls.
Yet, when compared with controls of corre-
sponding age group, lepromatous cases, 40
vears old and over, showed a deficiency in
the frequency of homozygotes (Z—= 1.95).
It is possible, however, that this deviation
derives from the significantly higher pro-
portion of Gep.; homozygotes in controls
aged 40 or over compared to younger con-
trols (P <0.01), whereas no such differ-
ences were observed within the group of
total cases or within the respective case
groups of different disease type (Table 4).

In addition to the age-associated hetero-
geneity of the controls with respect to
observed Ge type, differences in this mark-
er trait appeared to be associated with
birthplace: patients born in Vizayas Islands
showed an excess of Ge. .y heterozygotes as
compared with patients born in Mindanao.
Thus, in view of these internal discrepan-
cies, no real conclusions may be drawn
concerning any relationship of Ge com-
ponents with leprosy.

Lipoproteins. Because of the low fre-
quency of the Ag (a-), statistical analysis
of lipoprotein associations was limited. No
differences were detectable.

DISCUSSION

In any epidemiologic study, the signifi-
cance of the findings must be evaluated in
terms of the reliability of control selection,
i.e., their representativeness and lack of
bias. Two sources of controls were used in
this investigation, viz., medical students
and patients consulting at the dispensary
for skin diseases other than leprosy. These
two groups showed no differences in the
distribution of the haptoglobin phenotypes,
when, singly or together, they were tested
against expected phenotypic frequencies
based on the assumption of the Hardy-
Weinberg equilibrium (y* for dermatologic
patients = 0.14, for medical students 0.54,
and for total controls 0.02). Thus internal
heterogeneity of the sample cannot account
for the observed haptoglobin differences,
i.e., the excess of Hp 1:1 phenotype and
Hp 1 gene, even more marked in leproma-
tous leprosy than in tuberculoid, That the
association seems to stem from an excess of
either Hp 1:1 homozygotes or the Hp 1

(P D deficiency in controls, cases, and lepromatous and tuberculoid patients, according lo age.
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gene, rather than a deficit of Hp 2:2 ho-
mozygotes or Hp 2 allele, is indicated hy
analysis of the distribution ol controls, le-
promatous patients, and tuberculoid pa-
tients among the various phenotypes. This
analysis reveals significant differences in
the frequency of the Hp 1:1 homozygotes,
both under 40 years (x* = 15.75; P <0.01)
and over 40 years (yx* = 1249; P <0.01),
but no such deviations are noted for the Hp
2:2 homozygotes and the Hp 2:1 heterozy-
gotes.

Confirmation of these observations is
necessary, since with so many comparisons
a certain number would be expected to
reach levels of “statistical significances™ by
chance.

None of the other genetic markers inves-
tigated yielded significant differences, ex-
cept the Ge deviations, which must be
considered open to question. In addition to
the statistically discernible age-associated
Ge heterogeneity within the control series
and birthplace-associated Ge heterogeneity
within the case series, comparison of the
phenotypic distribution of group-specific
components revealed considerable devia-
tion from Hardy-Weinberg expectancies
(x* = 47.60, P <0.01, and 15.99, P <0.01
respectively ).

In view of the consistencies of the con-
trol series with Hardy-Weinberg expectan-
cies in haptoglobin frequencies and the
lack of evidence for bias in the control or
case samples with respect to other serum
protein or erythrocyte antigen phenotypes
('), it is probable that the Ge discrepan-
cies do not actually derive from sampling
or epidemiologic problems, but rather from
a technical problem in that the laboratory
procedures presently used for Ge determi-
nations are probably unsatisfactory on non-
sterile samples.

Therefore, while it is desirable for the
other findings (G6PD, haptoglobins, trans-
ferrins, etc.) to be confirmed in a prospec-
tive investigation, as well as in other cross-
sectional studies, before they are accepted
as conclusive, it is clearly necessary that the
observations with regard to Gec be re-
studied in a situation where fresh blood
specimens can be examined.
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SUMMARY

\s a part of a study of genetic polymor-
phism and leprosy, conducted under the
auspices of the Leonard Wood Memorial,
five genetic markers were investigated in
leprosy patients and controls from Cebu,
Philippines.

The sample consisted of 557 patients,
among whom 256 were affected with lepro-
matous leprosy, 224 with tuberculoid lepro-
sy, and 77 with other types of the disease or
unclassified disease. There were 434 con-
trols without manifestations of leprosy,
comprised of medical students and patients
attending the Cebu Skin Clinics for cutane-
ous diseases other than leprosy. The mark-
ers investigated were haptoglobins, trans-
ferrins, Ag, Ge, and G6PD. This last mark-
er, which is sex-linked, was studied only in
males. The phenotypic distributions were
analyzed in relation to leprosy, type of
leprosy, and the acute episode of leproma-
tous leprosy known as lepra reaction. Age,
sex, duration of disease, and province of
birth in the Philippines, were also consid-
ered. Gene frequencies were derived.

An association between the haptoglobin
polymorphism and leprosy is suggested by
an excess of Hp 1:1 phenotypes and/or the
Hp 1 gene, observed particularly in lepro-
matous but also in tuberculoid or total cases
when compared with controls. No differ-
ences, however, were observed for transfer-
rins, Ag, and G6PD. Because of technical
problems, no conclusions can be drawn
concerning Ge types.

Other cross-sectional studies in areas
where leprosy is highly prevalent are rec-
ommended.

RESUMEN

Como parte de un estudio sobre polimorfis-
mo genético y lepra, llevado a cabo bajo el
auspicio de Leonard Wood Memorial, cinco
marcadores genéticos fueron investigados en
enfermos de lepra y controles en Cebi, Fili-
pinas.

La muestra consistié de 557 enfermos, entre
los cuales 256 estiban afectados con lepra
lepromatosa, 224 con lepra tuberculoide, y 77
con otro tipo de enfermedad o enfermedad no
clasificada. Hubo 434 controles sin manifesta-
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ciones de lepra. constituidos por estudiantes
de medicina v los entermos que concurren a la
Clinica Dermatoldgica .de Cebnt parac enferme-
dades cutimeas diferentes de lepra. Los marca-
dores investigados fueron haptoglobinas, trans-
ferinas, Ag, Ge, v G6PD., Este ultimo marcador,
el cual es relacionado con el sexo, se estudio
solamente en hombres. La distribucion de los
fenotipos se analizd en relacion con lepra, tipo
de lepra, v episodios agudos de lepra lepro-
matosa  conocida como  reaccion  leprotica.
Edad, sexo, duracion de la enfermedad, vy pro-
vincia de nacimiento en Filipinas, fueron fac-
tores que también fueron considerados. La fre-
cuencia de los genes [ué establecida,

Una relacion entre polimorfismo de hapto-
globina v lepra se manifiesta por un exceso de
Hp 1:1 fenotipo v/o el gene Hp 1, observado
particularmente en formas lepromatosas pero
tambicn en tuberculoides o en el total de los
SUSOSs K'Ui“l‘l(] se ‘.'(“'llpil.]"” con l{],‘i (..'U!Itl'“]('s. N”
se observaron dilerencias, sin embargo, para
transterinas, Ag, v G6PD. A causa de pro-
blemas técnicos, no se dedujeron conclusiones
relativas al tipo Ge.

Otros estudios estratificados en dreas donde
la lepra es altumente prevalente se recomien-
dan.

RESUME

Dans le cadre dune étude du polymor-
phisme génétique dans la lépre, menée sous les
auspices du Leonard Wood Memorial, cing in-
dicateurs génétiques ont été étudiés chez des
malades de la lepre et chez des témoins, &
Cebu, Philippines.

L'échantillon était constitué de 557 malades,
parmi lesquels 256 étaient atteints de lepre
Iépromateuse, 224 de leépre tuberculoide, et 77
présentaient dautres types de lépre, ou chez
lesquels le type clinique n'avait pas été précise.
L'é¢chantillon témoin était constitu¢ par 434
individus ne présentant pas de manifestations
de lepre, et comprenait des étudiants en méde-
cine et des personnes fréquentant le dispen-
saire de Cebu pour maladies cutanées (Cebu
Skin  Clinics) pour des affections dermato-
logiques autres que la lépre, Les indicatenrs
¢tudiés  étaient des suivants:  haptoglobines,
transferrines, Ag(a), “group specific compo-
nents”  (Ge), glucose-6-phosphate  dehydro-
genase. Ce dernier indicateur, qui est lié au
sexe, n'a été étndié que chez des sujets mascn-
ling. Les distributions phénotypiques ont été
étudiées en fonction de la lépre, du type de
lepre et de la réaction lépreuse. D'autres {ac-
teurs ont été également considérés, i savoir,
lige, le sexe, la durée de la maladie, et la
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province d'origine. Les fréquences des différ-
ents genes ont ¢té calenlées,

Un exces du phénotype Hp 121, ainsi que du
gene Hpl, par rapport anx témoins, a été con-
staté surtout chez les lépromatenx, mais aussi
chez les tuberculoides et dans T'ensemble des
cas, Ceci suggcre existence d'une association
entre le polymorphisme des haptoglobines et
la lépre. Par contre, ancune différence n'a ¢té
observée pour les transférrines, Ag(a), et
G6PD. Par suite de problémes techniques, au-
cune conclusion na pu étre tirde concernant
I'indicateur Ge.

Des études  complémentaires de ce  type
(cross-sectional studies) ainsi que des études
longitudinales, devraient étre mences dans des
régions on la prévalence de la lépre est ¢levée,
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