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Frequency and Extent of Thickening of the Nucleated
Epidermis in Leprosy Lesions'

Thomas H. Rea?

In his review of the histology of cuta-
neous delayed-type hypersensitivity (DTH)
reactions, Turk cited epidermal thickening
as a common change in tuberculin re-
sponses and allergic contact dermatitis,
both in people and in guinea pigs ().
Studying positive tuberculin responses in
patients with leprosy, Kaplan, et al. (%)
found an increase in epidermal thickness, as
much as twofold or more, comparing tuber-
culin injected lepromatous leprosy (LL) le-
sions to uninjected, control lesions. Also re-
ported in that study was epidermal thicken-
ing in many of the tuberculoid, i.e., polar
tuberculoid (TT) or borderline tuberculoid
(BT), lesions. The intradermal administra-
tion of gamma interferon (IFN-y) (7) or in-
terleukin-2 (IL-2)(%), cytokines important in
the pathogenesis of DTH reactions, into
treated LL patients also resulted in epider-
mal thickening, thus providing a possible
mechanistic framework for understanding
the observed epidermal change. Two groups
("'%) have reported epidermal thickening to
be a common change in erythema nodosum
leprosum (ENL) and one has reported this
change in reversal reactions (RRs) as well
(13)_

To establish a more detailed perspective
on the extent and frequency of thickening
of the nucleated epidermis (NED) through-
out the clinical manifestations of leprosy, a
retrospective analysis of histologic material
was undertaken and is reported herein.
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MATERIALS AND METHODS

Patients in the Hansen’s Disease Clinic of
the Los Angeles County/University of
Southern California Medical Center, Los
Angeles, California, U.S.A., were classified
according to the criteria and nomenclature
of Ridley and his colleagues ('). Criteria
for the diagnosis of ENL and RRs were as
previously described (°). Although RRs and
DTH reactions may be synonyms in the
context of leprosy, in this paper, to avoid
ambiguity, DTH will be used only in its
generic sense and not as a name for RRs.

The specimens of clinically normal skin
included in this study were some of those
previously reported (*): two from borderline
lepromatous (BL) subjects, the rest LL. The
remainder of the material studied was ob-
tained for routine diagnostic purposes. All
specimens were processed routinely for
paraffin embedding and staining with
hematoxylin and eosin (H&E).

The thickness of each NED was calcu-
lated by a photomicrographic method, thus
yielding an average thickness for a structure
of variable thickness. The low-power objec-
tive (4x) was used to place the middle of
the epidermis in the center field and to ori-
ent the long axis of the epidermis parallel to
the long axis of the photomicrographic
field. The 10x objective was then placed
over the center of the epidermis without
disturbing its orientation in the photo-
graphic field. A photograph was obtained
with the 10x objective using Kodak Gold
film for color prints, ASA 200. Commer-
cially processed 6 X 4 inch color prints were
obtained from each photograph. In all pho-
tographs the epidermis extended to the two
shorter edges of the photograph. The weight
of each print and of a cutout of the NED
was determined, and the area of the NED
was expressed as a percent of the weight of
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Fig. 1. A plot of the thickness of the nucleated epidermis for the various groups studied, excluding those

paired to a reactional state. Mean values are indicated by the solid lines. Dotted lines indicate the 87 and 47 mi-
cron values. CNS = Clinically normal skin; Rx = treatment; RR = reversal reaction; numbers in parentheses;

Fite— = negative for acid-fast bacilli on Fite stains.

the entire photograph. In order to express
the thickness of the NED as an average lin-
ear measurement, a hemocytometer with
markings 330 microns wide, confirmed by
calibrated reticule, was similarly pho-
tographed and weighed, repeated weights
being 37.7% of the total weight of the sheet.
Thus, 1 micron in thickness was equivalent
t0 0.1142% of the weight of the sheet, when
using the 10x objective. The average thick-
ness of each NED in microns was obtained
by dividing its area in percent by 0.1142.

In one untreated LL patient who pre-
sented with ENL and diffuse non-nodular
LL, a biopsy of an ENL lesion was obtained
from one arm and another from clinically
normal skin from a symmetrical site on the
opposite side. Photomicrographs of these
specimens are included for illustration pur-
poses only (Fig. 3A and B).

Figures 1 and 2 were made on a personal
computer using the Microsoft Power Point 97
program. Each data point is a circle 3 pixels
in diameter. The scale is such that 30 microns
are equivalent to 10 pixels, and each data
point was necessarily rounded off to the near-
est pixel, such as that representing 60, 63,
69, 72 microns, etc. This approximation was
considered to be well within the error of the
method. Statistical analysis utilized the Mi-
crosoft Excel program, assuming a normal

distribution and unequal variances. A p value
of <0.05 was considered to be significant.

RESULTS

The thickness of the NED was measured
in 187 specimens obtained from 151 pa-
tients. Figure 1 summarizes the data from
clinically normal skin and from all patients
except those paired with a reactional state.

The mean value of thickness of the NED
from clinically normal skin from 28 speci-
mens, 26 from an arm and 2 from the back,
was 70 with a range of 48—104 microns. As
“an be seen in Figure 1, in 27 specimens the
NED was in a narrow range, 48-87 mi-
crons, indicating that any value 90 microns
or more should be regarded as “thickened”
at least for frequency comparison. For the
NED to be considered “thinned,” the value
of 47 microns or less was taken.

The mean value for thickness of the NED
from 16 untreated BT patients, 85 microns,
differed significantly from that of clinically
normal skin (two-tail p <0.02) and 5 of the
16 specimens (31%) were 90 microns or
greater in thickness. In the 16 untreated BL
lesions, the mean thickness, 69 microns, did
not differ significantly from that of clini-
cally normal skin, but 2 (13%) were 90 mi-
crons or greater. Also, in the 20 untreated
LL lesions the mean thickness, 62 microns,
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Fig. 2. A plot of the thickness of the nucleated epidermis in the lesions paired with an eventual reactional
state. The solid circles represent LL patients, the open circles represent BL patients. The line connecting the cir-
cles indicates lesions from an individual patient. Mean values are indicated by a solid line. The dotted lines indi-

cate the 87 and 47 micron values.

was not significantly less than that of clini-
cally normal skin, but 3 specimens (12%)
were 90 microns or greater.

In the 14 specimens of untreated, nega-
tive for acid-fast bacilli (AFB) on Fite stain
RRs, the mean thickness, 90 microns, was
significantly greater than that of clinically
normal skin (two tail p <0.04) and seven
(50%) had values in excess of 90 microns.
In the 21 patients with untreated ENL the
mean thickness, 118 microns, was also sig-
nificantly greater than that of clinically nor-
mal skin (two-tail p <0.0001) and 15 (71%)
had values in excess of 90 microns. The
mean NED thickness of the ENL lesions
was significantly greater than that of the RR
lesions (two-tail p <0.03).

Figure 2 summarizes the data obtained
from two groups of untreated LL and BL
patients, one group of whom eventually de-
veloped ENL; the other group, RRs.
Among the two groups of LL and BL pa-
tients whose untreated biopsy specimens

were paired with those of their eventual re-
action, the mean thickness values of un-
treated lesions in both groups, 62 microns
and 63 microns, respectively, were similar
and did not differ significantly from those
of clinically normal skin or the separate,
unpaired LL and BL groups. Among the 16
individuals who eventually developed RRs,
none had a baseline specimen in excess of
87 microns. Among the 20 individuals who
eventually developed ENL, two (10%) of
baseline specimens had a NED thickness of
90 microns or greater. When these individ-
uals went into reaction, those who devel-
oped RRs had a mean lesional NED thick-
ness of 99 microns, significantly greater
than the baseline value (two-tail p <0.01)
and nine (56%) had values of 90 microns or
greater. Also 13 of the 16 (81%) had a
thickening of the epidermis, even if not 90
microns or greater. The mean ratio of the
increase in those developing RRs (reac-
tional/nonreactional) was 1.72.



Fig. 3.
and B = Epidermis from a lesion of ENL from a symmetrical site (x40). The epidermis of the ENL lesion is
clearly thicker, has a better developed columnar habitus to the basal cells, a columnar habitus to at least two lay-
ers above the basal layer, and little flattening of the keratinocytes as the granular cell layer is approached.

Of those pairs who developed ENL, the
mean lesional NED thickness was 134 mi-
crons, significantly greater than the baseline
value (p <0.0001) and 17 (85%) had values
in excess of 90 microns. Also 18 of the 20
(90%) had a thickening of the epidermis.
The mean ratio of increase in those devel-
oping ENL was 2.27, significantly greater
than that for those developing RRs (two-tail
p <0.04). One entirely untreated patient in
this group had two biopsies on the same oc-
casion, one of a lepromatous nodule and the
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A = Epidermis from clinically normal skin of a patient with diffuse, non-nodular lepromatous leprosy

other from an ENL lesion from a symmetri-
cal site on the arms, the NED of the former
measuring 73 microns and the latter 271
microns.

Fifteen specimens had a NED considered
to be “thinned,” i.e., less than 47 microns.
This occurred primarily in untreated lepro-
matous patients, 13 or 87%. A “thinned”
NED was unusual among BL or RR pa-
tients, 1 in each or 7%. If 46 microns is
taken to be the lower limit of normal, then
only 7 specimens would be “thinned,” 6 LL
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and 1 RR, the latter being the only facial
specimen in this series.

Figures 3A and 3B demonstrate the dif-
ferences between an ENL lesion and the
clinically normal skin from a symmetrical
site, the patient presenting with untreated
diffuse non-nodular LL and ENL. The dif-
ferences in thickness and the number of lay-
ers of nucleated keratinocytes are clear. The
normal columnar habitus of the basal cell
layer is scarcely discernable in the clini-
cally normal skin but is well developed in

the ENL lesion. In addition. a columnar

shape is also well developed in the first two
prickle cell layers, and in the upper portion
of the prickle cell layer of the ENL lesion
the normal “flattening™ of the keratinocytes
is attenuated.

DISCUSSION

The presence of statistically significant
NED thickening in BT, RR, and ENL le-
sions is in accord with the prior observa-
tions of others (* ' '%). That 50% of Fite
stain-negative and 75% of Fite stain-posi-
tive RR lesions have a thickened NED is
putatively explained by the large amounts
of mRNA coding for IFN-y and IL-2 found
in the dermis of such lesions. Either agent
when administered intradermally resulted
in NED thickening (**7). This is also a rea-
sonable explanation for the thickening
found in BT lesions. A good explanation for
the more frequent and greater thickening
found in ENL lesions is more difficult, the
mRNA coding for IFN-y and 1L-2 not being
so abundant ('*). However, other techniques
have demonstrated increased levels of both
IFN-y (') and IL-2 (°) in ENL lesions, thus
making it difficult to exclude these agents
as having no role in the development of the

thickened NED. Also, the precipitation of

ENL by the administration of INF-y is con-
sistent with a role for this cytokine in the
pathogenesis of ENL ('?).

As can be seen in Figures | and 2, speci-
mens with a thick NED were found in all
but one nonreactional BL and LL group ex-
amined. These apparent outliers might be
dismissed as meaningless random events,
variations in the anatomical site of the le-
sions, or as errors of tissue processing, such
as oblique sectioning of the tissues. Be-
cause no evidence of oblique sectioning
was found, such as a wide granular cell
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layer or a net-like appearance to the epider-
mal retia, and because chart reviews of the
72 paired biopsy specimens whether nonre-
actional or reactional showed no apparent
variation in NED thickness from the three
sites sampled most frequently (arm 39%,
thigh 18%. back 14% or not stated 17%),
biologically important explanations warrant
consideration, even though purely random
events cannot be excluded. For the nonreac-
tional lesions which show NED thickening
a ““pre-reactional” condition could be postu-
lated, but it is only a matter of speculation
at present.

In two different populations, the NED in
ENL was significantly thicker than that in
RR. This is consistent with each having
separate  pathogenic  mechanisms  and,
therefore, perhaps different mediators. Al-
ternatively, ENL lesions are brief and,
hence, uncompensated acute changes pre-
dominate; whereas in the longer-lived RR
lesion there is opportunity for a new equi-
librium to be established, producing the
comparatively thinner NED. Consistent
with the latter is a lesser mean NED thick-
ness value, 90 microns, for the specimens
obtained from patients who had RRs as
their presenting manifestation of leprosy,
the Fite stain-negative de novo group as
shown in Figure 1. patients whose lesions
were of relatively long duration (median
time to biopsy 10 weeks, range 4 to 26
weeks); whereas a greater mean NED thick-
ness, 99 microns, was present in the speci-
mens from patients who were already under
care when the RRs developed, the Fite
stain-positive group as shown in Figure 2,
patients who had easy and prompt access to
the clinic and whose lesions were of shorter
duration (median time to biopsy 2.5 weeks,
range 4 days to 4 weeks).

The anatomical changes demonstrated in
Figures 3A and 3B are exemplary of the ob-
served changes found in most but not in all
“thickened™ specimens. However, com-
pared with nonreactional BL or LL tissues,
a better developed columnar appearance to
basal cells was seen in a few BT, RR, and
ENL specimens which had no “thickened”
NED (data not shown), suggesting that this
change alone perhaps should arouse suspi-
cion that one of these three conditions
might be present.

Two kinds of errors are inherent in the
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method used, but neither were considered
to be confounding of the observed “signifi-
sant” differences. One error is a conse-
quence of variation in the weight of indi-
vidual photographic prints and, its corol-
lary, that variation must also be present
within any given print. Because this error
would be random, that is to say, would
overestimate as often as underestimate the
thickness of the NED, such errors would
cancel out each other. The other error is a
consequence of a commonly occurring cur-
vature to the epidermis, the outer surface
being a convexity. The curvature occurs in a
majority of specimens, thus giving rise to a
systematic error which overestimates the
NED thickness. However, because the error
appeared to be present in similar frequency
and extent in all groups studied, it was con-
sidered not to invalidate the statistical re-
sults. Also, in a preliminary study using 20X
and 40x, as well as 10x, objectives, where
the curvature-induced error was less with
the larger objectives, the distribution of val-
ues for NED thickness was wider with the
larger objectives, a finding indicating that
the 10x objective obtained a “better” or
more representative sample of all of the
variations in epidermal thickness. This cur-
vature error could explain in part the larger
mean value for NED thickness (62 microns)
in LL lesions in the present study as con-
trasted to the smaller value (48 microns) re-
ported by Kaplan, et al. ().

The nomenclature concerning the epider-
mis may lead to confusion. Unqualified
“epidermis” refers to both the nucleated

cellular layers and non-nucleated cells of

the stratum corneum. In the referenced pa-
pers (* 71113414 it is implied that what is
thickened is the NED, because the authors
also mention an increase in cellular layers
which are not countable in the stratum
corneum of formalin-fixed material. The
term “malpighian layer™ is used by some (°)
to be identical with the NED, but by others
(*) to mean either the basal cell layer and
the prickle cell layer or only the basal cell
layer. Hence, the clarity of the term “NED”
compensates for its awkwardness.

SUMMARY
Using 28 specimens of clinically normal
skin from lepromatous leprosy subjects as a
standard for comparison, the mean thick-
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ness of the nucleated epidermis was found
to be significantly increased in untreated le-
sions from 16 borderline tuberculoid, 21
erythema nodosum leprosum (ENL), and
14 reversal reaction patients, but was un-
changed in borderline lepromatous and lep-
romatous patients. Using specimens from
36 untreated lepromatous and borderline
lepromatous lesions as the standard for
comparison with the lesions of reversal re-
actions or ENL which these patients even-
tually developed, there was a significant
thickening of the nucleated epidermis in
both reactional states. In both comparison
groups, there was a greater mean increase
and a larger frequency of thickening in the
ENL lesions than in those with reversal re-
actions. In the borderline tuberculoid and
reversal reaction lesions the increase can be
understood as secondary to the presence of
gamma interferon or interleukin-2. The in-
crease in thickness in the ENL lesions is
more difficult to explain, but it is not incon-
sistent with a role for these same two cyto-
kines.

RESUMEN

Usando 28 especimenes de piel clinicamente nor-
mal de pacientes con lepra lepromatosa como estindar
de comparacion, se encontré que el grosor promedio
de la epidermis nucleada estuvo significativamente au-
mentado en las lesiones no tratadas de 16 pacientes
con lepra tuberculoide subpolar (BT), 21 pacientes con
eritema nodoso leproso (ENL) y 14 pacientes con
reacciones reversas, pero se mantuvo sin cambio en los
pacientes con lepra lepromatosa subpolar (BL) y lepra
lepromatosa (LL). Por otro lado, comparando 36 es-
pecimenes de lesiones de lepra lepromatosa y lepra
lepromatosa subpolar con las lesiones de reacciones
reversas 0 ENL que estos pacientes desarrollaron, se
observé un engrosamiento significativo de la epider-
mis nucleada en ambos estados reaccionales. En los
dos grupos comparados hubo un mayor incremento
promedio y una mayor frecuencia de engrosamiento en
las lesiones ENL que en las de reaccion reversa. En las
lesiones BT y de reaccion reversa el incremento puede
entenderse como secundario a la presencia de inter-
fer6n gamma o de interleucina-2. El aumento en el
grosor en las lesiones ENL es mds dificil de explicar,
pero también podria estar relacionado con estas mis-
mas citocinas.

RESUME

A partir de 28 échantillons de peau cliniquement
normale provenant de sujets souffrant de lepre Iépro-
mateuse comme référence de comparaison, 1'épaisseur
moyenne de 1'épiderme avec noyaux cellulaires (nu-
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cléé) fut déterminde étre significativement augmentée
parmi les Iésions non-traitées de 16 patients tubercu-
loides borderlines, 21 patients souffrant d’érytheme
noucux lépreux (ENL) et 14 patients présentant des
réaction inverses, alors qu’elle restait inchangée parmi
les Iésions non traitées des patients Iépromateux bor-
derlines et les patients Iépromateux. En utilisant les
prélevements de 36 Iésions Iépromateuses et Iéproma-
teuses borderlines non-traitées comme référence de
comparaison avec celles des réactions inverses ou
d’ENL que ces patients ont ensuite développés, il fut
trouvé un épaississement significatif de I'épiderme nu-
cléé dans les deux états réactionnels. Au sein des 2
groupes de comparaisons, ["augmentation moyenne
d’épaisseur de I'épiderme nucléé et la fréquence de
I'épaississement furent plus importante parmi les 1¢-
sions d’ENL que parmi les Iésions de réactions in-
verses. Cette augmentation d’épaisseur de I'épiderme
peut étre interprétée comme urge réponse d la présence
d’interféron gamma et d’interleukine 2 parmi les 1¢-
sions tuberculoides borderlines et celles des réactions
inverses. L'augmentation d’épaisseur au sein des 1¢é-
sions d’ENL est plus difficile & expliquer, mais il n’est
pas improbable que ces 2 mémes cytokines jouent un
role au sein des Iésions d’'ENL.
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