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Leprosy is a chronic disease caused by Mycobacterium leprae that affects the skin
and peripheral nerves. It may present as one of two distinct poles: the self-limiting
tuberculoid leprosy and the highly infectious lepromatous leprosy (LL) characterized
by M. leprae-specific absence of cellular immune response. The pro-inflammatory
cytokine macrophage migration inhibitory factor (MIF) enhance the bactericide activ-
ities of macrophages after interaction with its receptor, CD74. Importantly, MIF also
possesses chemoattractant properties, and it is a key factor in situ for the activa-
tion of macrophages and in blood to promote leukocytes migration. MIF-mediated
activation of macrophages is a key process for the elimination of pathogens such as
Mycobacterium tuberculosis; however, its participation for the clearance of M. leprae
is unclear. The aim of this study was to evaluate the serum levels of MIF as well as
MIF and CD74 expression in skin lesions of LL and compare it with healthy skin (HSK)
taken from subjects attending to dermatological consult. Samples of serum and skin
biopsies were taken from 39 LL patients and compared with 36 serum samples of
healthy subjects (HS) and 10 biopsies of HSk. Serum samples were analyzed by ELISA
and skin biopsies by immunohistochemistry (IHC). IHC smears were observed in 12
100x microscopic fields, in which percentage of stained cells and staining intensity
were evaluated. Both variables were used to calculate a semi-quantitative expression
score that ranged from O to 3+. We found no differences in MIF levels between LL
patients and HS in sera. In addition, MIF was observed in over 75% of cells with high
intensity in the skin of patients and HSk. Although we found no differences in MIF
expression between the groups, a CD74 score statistically higher was found in LL skin
than HSk (p < 0.001); this was the result of a higher percentage of cells positive for
CD74 (p < 0.001). As a conclusion, we found that CD74-positive cells are intensely
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recruited to the skin with LL lesions. In this manner, MIF signaling may be enhanced in
the skin of LL patients due to increased expression of its receptor, but further studies

are required.
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INTRODUCTION

Leprosy is a chronic infectious disease caused by Mycobacterium
leprae. The disease in patients may develop as one of two poles
that differ clinically and immunologically between each other.
Few lesions in the body and an active immune response medi-
ated by cells characterize the tuberculoid leprosy (TT) pole;
on the other hand, patients who develop lepromatous leprosy
(LL) show numerous erythematous macules around the body
coupled with M. leprae-specific anergy and disrupted immune
response. The reasons for developing either pole are still
unknown, but the environment and host genetics are probable
factors that mediate such polarization (1). As a consequence,
the ratio of LL to TT patients varies around the world, and it
can be as high as 3:1 in countries like Mexico, where TT cases
are scarce (2).

In LL patients, M. leprae proliferates in the skin and periph-
eral nerves (1). Histologically, skin lesions of LL patients are
formed by diffuse infiltration of macrophages, lymphocytes,
and plasma cells in the dermis, along with a dysfunctional epi-
dermis. Anti-inflammatory cytokines, such as IL-10 and TGF-p,
are highly expressed in these lesions when compared with TT
lesions (3). As a consequence of the immunological imbalance,
macrophages get infested by abundant bacilli and become
foamy macrophages (4). These macrophages seem unable to kill
M. leprae but serve as a reservoir instead and release additional
anti-inflammatory mediators and reduce their production of
key activator cytokines, namely TNF-a and IL-1p (5).

Macrophage migration inhibition factor (MIF) is a con-
stitutively released cytokine that is able to subvert the anti-
inflammatory activities of glucocorticoids and also initiates
intense immune reactions by stimulating macrophages toward
an inflammatory profile that involves productions of ROS,
increases in the expression of TLR4, and diminishes cell sus-
ceptibility to apoptosis (6, 7). MIF participates not only in skin
homeostasis by regulating the differentiation and proliferation
of keratinocytes (8) but also in skin disorders by enhancing
the activity of inflammatory macrophages (9). To exert its
biological activities, MIF needs to interact with its receptor
CD74, a molecule with a wide array of described functions
in immune cells (10). In addition, CD74 may form a complex
with chemokine receptors and lead cells to a process of MIF-
mediated migration (11).

Only few studies analyze the expression of both MIF and
CD74 in infectious diseases, even though MIF has proved to
be an important mediator against several infections, especially
those caused by Mycobacterium tuberculosis (12) and Leishmania
major through a mechanism dependent on TNF-a and reactive
nitrogen intermediates (13). In addition, the early stimulation
of CD74 triggers the MAPK and PI3K pathways that lead to

proliferation and recruitment of immune cells, thus starting the
inflammation in injured tissues (7). However, the specific role of
MIF/CD74 interaction in the context of skin diseases has been
poorly studied. Due to its relevance in the inflammatory process,
itis interesting to know whether the MIF/CD74 axis is implicated
in the immunopathology of LL. We previously reported that the
susceptibility to develop LL in Western Mexico is associated to
the alleles of the STR-794 CATT;_s polymorphism of the MIF
gene linked to higher expression of MIF (14). This paradoxical
observation relates the inflammatory cytokine MIF with the
anti-inflammatory LL pole and is suggestive of an important
role for MIF in this spectrum of leprosy. Thus, we are interested
to study the levels of MIF in the serum of LL patients as well as
the expression of both MIF and CD74 in the skin lesions of LL
patients.

MATERIALS AND METHODS

Subjects and Samples

Patients for this study were diagnosed by Dermatologists work-
ing in the Instituto Dermatoldgico de Jalisco “Dr. José Barba
Rubio” according to their clinic, bacilloscopic, and histopatho-
logic characteristics. Due to the low prevalence of T'T in Mexico
(2), only patients diagnosed as LL and borderline lepromatous
in the absence of reactional episodes were included in the study.
Patients who presented chronic, inflammatory, and dermatologi-
cal conditions were excluded. Serum samples from patients were
requested upon diagnosis confirmation. Healthy subjects (HS)
of similar age and gender characteristics were asked for blood
donation to compare MIF serum levels. In total, serum of 39
patients and 36 HS were considered for determination of MIF.
The demographic and disease characteristics of participants are
shown in Table 1.

TABLE 1 | Demographic and disease characteristics of participants.

HS LL
Age (years) 40.5 57.5
Gender
Male (n, %) 16 (44.4) 20 (51.3
Female (n, %) 20 (55.6) 19 (48.7
Duration of disease (years) 14.3
Baciloscopic index (n, %)
0 1(2.5)
1 4(10.3)
2 2(5.1)
3 5(12.8)
4 9(23.1)
5 9(23.1)
6 9(23.1)
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Tissue samples of 39 patients were obtained for immunohisto-
chemistry (IHC) assays from the biopsies taken for their diagnos-
tics; in addition, 10 tissues of healthy skin (HSk) were obtained
from the repertoire of the Institute. Samples were embedded in
paraffin for preservation and cut into 3-um sections for mounting
onto precharged slides.

Serum Quantification of MIF

Migration inhibitory factor quantification was performed by the
ELISA kit for “Human MIF Immunoassay” (Cat. No. DMFO00B;
R&D, MN, USA) following the manufacturers indications.
Briefly, samples were diluted 10-fold with the kit Calibrator
Diluent and 50 pl of the mix were added to the microplate wells,
followed by 2-h incubation. Wells were washed and the detection
antibody was incubated for 2 h. Wells were washed and the color
was developed by 30-min incubation with Substrate Solution in
the dark. Finally, stop solution was added and optical density was
measured at 450 nm and corrected at 570 nm. The concentration
of MIF was calculated interpolating the optical density of samples
with a multiparametric curve generated with the MIF standard
included in the kit.

In Situ Characterization of MIF and CD74
We analyzed the expression of MIF and CD74 in skin biopsy
samples. Slices of tissue samples were incubated at 60°C for
10 min and deparaffinized on xylene bath for 20 min. Samples
were then rehydrated through a series solutions of decreasing
concentrations of ethanol. Antigens were retrieved in a bath
of sodium citrate solution 10 mM at 95°C for 10 min followed
by cooling in a citrate cold solution. Non-specific binding to
proteins was blocked by incubation with bovine fetal serum
10% by 30 min; endogenous peroxidase activity of samples
was blocked by incubation with H,O, 3% solution by 30 min.
Afterward, sections of each biopsy were incubated overnight
at 4°C with one of the following primary antibodies: anti-MIF
FL-115 (Cat# sc-20121 RRID:AB_648587) 2 pg/ml or anti-
CD74 FL-296 (Cat# sc-20082 RRID:AB_2075501) from Santa
Cruz Biotechnology, Inc., TX, USA. The detection of primary
antibodies will be performed using the polymer conjugated
to secondary antibodies from Dako EnVision™ + Dual Link
System-HRP (Dako Agilent Technologies, Denmark). Finally,
sections were counterstained with hematoxylin. The presence
of antigens were analyzed in four random 40X fields using the
semi-quantitative algorithm of Li et al., which took into account
both the intensity of staining and the percentage of stained
cells (15). Briefly, percentage of stained cells was transformed
into histological index I (HI I) as follows: Neg (0+) < 5% of
stained cells; “+” (1+) = 6-25%, “++” (2+) = 26-50%, “+++
(3+) = 51-75%; and “++++" (4+) > 76%. Similarly, a second
histological index (HI II) for staining intensity was calculated
as: Neg (04) = no staining, “+” (1+) = low intensity, “++”
(24) = moderate intensity, “+++” (3+) = high intensity.
Finally, HI T and HI IT were multiplied and ranked as an expres-
sion score of Neg if the product of (HI I)*(HI II) was between
0 and 1; “4+” (1+) if the product was between 2 and 4; “++”
(2+) if the product was between 5 and 8; and “+++" (3+) if the
product was between 9 and 12.

Statistical Analysis

Qualitative variables of the study were expressed as frequen-
cies = SD and quantitative variables were expressed as mean
values + SD. Statistical analyses were performed on IBM SPSS
Statistics ver. 20. Differences in MIF levels between groups, as
well as differences of expression score, percentage of stained cells,
and staining intensity for MIF and CD74 were analyzed using
Mann-Whitney U test. In addition, we studied whether there
exists correlation between the bacillary index of LL patients,
the soluble levels of MIF as well as the in situ expression of MIF
and CD74 using the non-parametric one-tailed Rho spearmen
correlation coefficient. Statistical analysis resulting with p values
<0.05 were considered as significant.

Ethical Consideration

The study was designed in agreement with the Declaration of
Helsinki (16). All participants were informed about the goals
of the study and provided written agreement. This study was
approved by the ethical committee Comité de Investigacion y
Bioseguridad del Centro Universitario de Ciencias de la Salud of
the University of Guadalajara (No. CI-02515).

RESULTS

Serum Levels of MIF

We quantified the serum levels of MIF in 39 LL patients
(44.49 +20.21 ng/ml) and 36 HS (53.35 + 34.13 ng/ml). However,
we found no significant differences regarding the levels of MIF
between groups. Also, we did not find significant correlation
between the bacillary index and serum MIF levels (r = 0.272,
p=0.154).

MIF-Related Markers in skin
We analyzed the expression of MIF and CD74 in skin biopsies of
39 LL patients as well as 10 samples of HSk.

We found that MIF is highly expressed in the epithelia of both
patients and HSk (Figure 1). There exist also several MIF* cells
in the dermis in both groups. We observed that MIF is mainly
expressed in the cytoplasm but it can also be found in some
nuclei. We found no significant differences in the expression
score between both groups (Table 2). Most of the participants
presented 14 or 2+ of MIF expression score in skin samples. To
better understand this index, we analyzed the percentage and
intensity index. We found that most of the LL skin samples could
be classified as 1+ (37.2%) or 2+ (34.9%); similarly, most of HSk
fell into 14 (30%) and 2+ (40%) categories. Interestingly, the
staining of MIF in cells was a little stronger in HSk than in LL
samples, but no significant differences were found. In addition,
MIF expression score was not correlated to the bacillary index of
patients (r = 0.190, p = 0.153).

CD74 is expressed in the dermis, but its epidermal expression
is scarce (Figure 2). Although it is expressed in the membrane of
some cells, it is mostly expressed in the cytoplasm. Interestingly,
we found that its expression score is significantly higher in LL
skin than HSk (p < 0.001), since 0% of HSk could be classified as
2+ or 3+, whereas 32.6 and 23.3% of LL was classified as 2+ and
34, respectively (Table 3). We analyzed whether this difference
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be found in some nuclei.

FIGURE 1 | In situ expression of migration inhibitory factor (MIF) in healthy skin (HSk) and lepromatous leprosy (LL) skin biopsy. Photographs of MIF-directed
immunohistochemistry assays on HSk and skin lesions of LL patients on progressive magnifications are displayed. (A-C) represent the staining of MIF on HSk at
10x%, 40x, and 100x, respectively. (D-F) show staining of MIF on LL skin at 10x, 40x, and 100x. The magnified fields are shown within circles. MIF expression is
intense on epidermis and annexes of both HSk and LL. In dermis, its expression also seems to be constitutive. MIF is expressed mostly in cytoplasm and can also

TABLE 2 | Ranking of lepromatous leprosy (LL) patients and healthy skin (HSk) according to their score of migration inhibitory factor (MIF) staining.

Score
MIF Negative + ++ +++ Total p = 0.990
LL (n = 39) 16.3% 37.2% 34.9% 11.6% 100%
HSk (n =10) 20% 30% 40% 10% 100%
Percentage of stained cells
Negative + ++ +++ ++++ Total p = 0.550
LL (n = 39) 14.0% 16.3% 32.5% 23.2% 14.0% 100%
HSk (0 = 10) 10% 10% 30% 40% 10% 100%
Staining intensity
Negative + ++ +++ Total p = 0.499
LL (n = 39) 11.6% 14.0% 44.2% 30.2% 100%
HSk (n = 10) 0% 40% 40% 20% 100%

Statistical analysis using two-sided Mann-Whitney U test, where p < 0.05 values were considered as significant.

was due to an increased infiltrate of CD74* cells, a higher staining
intensity or both. We found that none of the HSk presented an
infiltrate of over 1+ (equivalent to 25% of cells), whereas 27.9%
LL skin samples presented 2+, 46.5% presented 3+, and 4.7% of
LL samples presented 4+. However, the intensity of CD74 stain-
ing was not different between groups; notably, CD74 presented
high intensity (34) in up to 40% of HSk and 39.5% of LL. Finally,
CD74 expression score was not correlated to the bacillary index
of patients (r = 0.040, p = 0.416).

DISCUSSION

The immune response has been well characterized in the
advanced forms of leprosy, but there are still several gaps where

research is required. One of the main differences between the
two poles is the presence of inflammatory cells and markers in
TT, meanwhile, anti-inflammatory conditions are rather present
in LL patients (3); however, it is not clear what mechanisms
lead to such polarization. We previously reported that MIF
polymorphisms in the promoter region are associated with
LL in Western Mexico population (14). Thus, in this work, we
investigated the serum levels of MIF in LL patients. Despite the
genetic association, we found no differences in the serum levels
of MIF between LL patients and HS. Recently, Bansal et al. meas-
ured MIF levels in leprosy patients and they also found that the
MIF levels in serum are similar between healthy controls and
patients presenting LL, borderline lepromatous, or borderline
tuberculoid (17).
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in cytoplasm rather than the plasma membrane.
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FIGURE 2 | In situ expression of CD74 in healthy skin (HSk) and lepromatous leprosy (LL) skin biopsy. Photographs of CD74-directed immunohistochemistry assays
on HSk and skin lesions of LL patients on progressive magnifications are displayed. (A-C) represent the staining of CD74 on HSk at 10x, 40x, and 100x,

respectively. (D-F) show staining of CD74 on LL skin at 10x, 40x, and 100x, respectively. The magnified fields are shown within circles. CD74 is scarcely expressed
in epidermis and annexes. It is expressed in the dermis, where a major infiltrate can be observed in LL skin than HSk. Paradoxically, it seems to be expressed mostly

TABLE 3 | Ranking of lepromatous leprosy (LL) patients and healthy skin (HSk) according to their score of CD74 staining.

Score
CD74 Negative + ++ +++ Total p < 0.001
LL (n=39) 7.0% 37.1% 32.6% 23.3% 100%
HSk (n = 10) 40% 60% 0% 0% 100%
Percentage of stained cells
Negative + ++ +++ ++++ Total p < 0.000
LL (n=39) 4.7% 16.3% 27.9% 46.5% 4.7% 100%
HSk (n = 10) 30% 70% 0% 0% 0% 100%
Staining intensity
Negative + ++ +++ Total p = 0.422
LL (n = 39) 4.7% 11.6% 44.2% 39.5% 100%
HSk (n = 10) 20% 20% 20% 40% 100%

Statistical analysis using two-sided Mann-Whitney U test, where p < 0.05 values were considered as significant.

To obtain more information about MIF role in leprosy, we
examined skin biopsies by IHC to inquire about its cellular and
tissular localization. As in serum, we found that the expression
of MIF is not different between skin lesions of LL patients and
HSk, despite the elevated expression of IL-4, IL-10, and TGF-f
reported in LL skin lesions (18). Therefore, we may postulate
that anti-inflammatory mediators do not reduce the expres-
sion of MIF, although they may interfere with MIF capacity
to enhance the bactericidal activities of macrophages, which
is an intrinsic activity of MIF (6). Since MIF can be stored
within the cytoplasm (19), our results most likely reflect the
constitutive expression of MIF (20). Noteworthy, MIF presence
is crucial for cell homeostasis due to its multiple activities. It
may be secreted from the central nervous system to regulate

cell proliferation (6), and it also promotes glucose intake by
increasing the expression of GLUT4 (21). Nevertheless, MIF
functions may vary according to other microenvironment
components and the cell that it is targeting. For example, MIF
expression is increased in inflammatory skin diseases such as
alopecia areata and skin tumors (22, 23) and MIF orthologs
are produced by Leishmania spp. to promote the survival on
parasite-infected macrophages (24).

Since MIF expression is not different between LL skin and
HSk, we measured CD74 expression to determinate if it is
involved in leprosy lesions. Paradoxically, we found that its
expression is significantly higher in LL skin than HSk. However,
the elevated expression of CD74 does not correlate with the anti-
inflammatory environment of LL lesions. In addition to being
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MIF receptor, CD74 excerpts several functions that include
regulation of vesicular transport, dendritic cells migration,
and protection of proteins as a chaperone (11). Noteworthy, we
found that CD74 is expressed mostly in the cytoplasm and that
few cells actually expressed CD74 on the plasma membrane,
suggesting that in LL, CD74 is not acting as a receptor for
MIF, whereas its overexpression could contribute to the lack of
response toward M. leprae. Arguably, the transport of antigens
on MHC-II toward the plasma membrane of monocytes could
be altered. Indeed, the expression of both MHC-I and MHC-II
are reduced in dendritic cells infected with M. leprae in a dose-
dependent manner (25). Moreover, Lee et al. have described
that the expression of leukocyte Ig-like receptor A2 (LILRA2)
is decreased in TT compared with LL, where it reduced the
capacity of monocytes to present leprosy antigens on MHC-II
to T cells, although antigen processing was not disrupted (26).
Given that CD74 is a chaperone for MHC-II (27) and that it is
involved in vesicle transport (11), cytoplasmic CD74 in LL could
arrest the movement of antigens-loaded MHC-II toward the cell
surface in an LILRA2-mediated mechanism.

Given that 80% of new cases of leprosy Mexico are multi-
bacillary cases (2), our observations of MIF and CD74 are
limited to LL patients without treatment. It is important to
pursue paucibacillary cases to better detail the role of MIF
in leprosy; in particular, the study of MIF in indeterminate
leprosy results of particular interest due to the functions of
MIF in innate immunity (6, 28). In addition, its participation
in reactional episodes has been highlighted by Bansal et al.,
whose group found increased serum concentration of MIF in
erythema nodosum leprosum (17). Further description of MIF
and CD74, as well as the possibly involved signaling pathways,
namely, PI3K, MAPK could yield valuable insight into leprosy
immunopathology.

In summary, we have found that the expression of MIF in LL
patients is similar to HS both in serum and in skin. However, the
expression of CD74 is significantly increased in the skin lesions
of LL patients, although its participation in the physiopathol-
ogy leprosy remains unclear. Further studies in indeterminate
leprosy and paucibacillary leprosy, as well as other infectious
and inflammatory diseases of skin, are required to describe the
participation of MIF/CD74 in the immune response against
leprosy in the skin. In addition, their activities in the systemic
response should also be explored. It is important to determine
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