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Abstract

Macrophage migration inhibitory factor (MIF) has been associated with the pathogenesis of several
rheumatic diseases. In systemic sclerosis (SSc) it has been shown that MIF expression is dysregulated
in serum and skin. However, the MIF receptor, CD74, has been poorly investigated and its potential
role in the pathogenesis of SSc remains unknown. This study aimed to analyze mRNA, tissue, and serum
expression of MIF and CD74 in patients with limited (IcSSc) and diffuse (dcSSc) systemic sclerosis.
A case-control study in 20 SSc patients and 20 control subjects (CS) from southern México was conduct-
ed. MIF and CD74 mRNA expression levels were quantified by real-time PCR, MIF serum levels were
measured by an ELISA kit, and MIF and its receptor CD74 were evaluated by immunohistochemistry
of skin biopsies. MIF mRNA expression was significantly higher in CS than in SSc patients (p = 0.02),
while CD74 showed no differences between patients and CS. MIF serum levels were similar between SSc
patients and CS: dcSSc = 3.82 ng/ml, lcSSc = 3.57 ng/ml, and CS = 3.28 ng/ml. In skin biopsies of SSc,
MIF and CD74 were enhanced in keratinocytes, while they showed decreased expression in endothelial
cells. On the other hand, the staining of CD74 was high in fibroblasts of dcSSc patients. Our findings
show MIF and CD74 deregulation at the transcriptional and translational levels in SSc, which might be
associated with the proinflammatory process leading to tissue remodeling and excessive fibrosis in SSc.
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Introduction has been reported at 0.02% [4]. The triggering agents of

Systemic sclerosis (SSc) is a multisystem autoimmune
disease characterized by immune system activation, vas-
cular injury, and tissue fibrosis of the skin and specific
internal organs [1]. This disease can be classified into two
disease subsets based on the extent of skin involvement:
diffuse cutaneous systemic sclerosis (dcSSc) and limited
cutaneous systemic sclerosis (1cSSc) [2]. The prevalence
of SSc in the USA has been calculated as approximately
250 persons per million inhabitants [3]. In contrast, in the
Mexican population, the overall prevalence of scleroderma

SSc to date are unknown; however, it has been considered
a multifactorial disease with genetic, infectious, and envi-
ronmental risk factors [5].

Emerging evidence suggests that the macrophage migra-
tion inhibitory factor (MIF), a pleiotropic inflammatory cy-
tokine with a broad range of immunomodulatory properties,
could play a role in the pathogenesis of SSc, but the exact
mechanism is unclear. In 2003, Selvi et al. reported high
serum concentrations of MIF in deSSc patients and the MIF
expression in skin biopsies of SSc patients [6]. On the other

Correspondence: José Francisco Munoz Valle, PhD, Instituto de Investigacion en Ciencias Biomédicas, Centro Universitario de Ciencias
de la Salud, Universidad de Guadalajara, Guadalajara, Jalisco, México, e-mail: biologiamolecular @hotmail.com

Submitted: 24.08.2020; Accepted: 10.05.2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike

4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/)

375



Christian Johana Barios-Herndndez et al.

hand, Becker ef al. reported that MIF is increased in patients
with pulmonary hypertension and recurrent digital ulcers,
which can contribute to inflammation and vasculopathy in
the SSc [7]. Additionally, it was reported that MIF stimu-
lates the process of excessive fibrosis in SSc, increasing the
proliferation of fibroblasts and collagen synthesis [8], and
decreasing the apoptosis of dermal fibroblasts [9].

The involvement of the MIF receptor, CD74, is poorly
known in SSc. CD74 is a molecule associated with the
processing of MHC class II proteins, and it is a high-affin-
ity cell membrane receptor for MIF (~9 x 10~ Kd) [10].
A small proportion of CD74 is modified by the addition of
chondroitin sulfate (CD74-CS), and this form of CD74 is
expressed on the cell surface [11]. However, MIF signaling
through CD74 depends on the interaction with co-recep-
tors, e.g. CD44, which, through their cytoplasmic domains,
can recruit the necessary components to activate signaling
[12, 13]. Corallo et al. evaluated MIF and its receptors
CD74/CD44 by immunohistochemistry (IHC) on skin bi-
opsies from patients with SSc. They confirmed that MIF
is abundant in both the serum and the skin of SSc patients,
unlike the MIF receptors CD74/CD44, which showed no
differences between patients and controls [14]. However,
there are no reports that confirm this finding.

Recently, we observed that polymorphisms and func-
tional haplotypes of the MIF gene are associated with
susceptibility to SSc and high MIF mRNA expression in
a Mexican-Mestizo population from southern Mexico.
In the same way, we found that MIF is associated with
a proinflammatory response in SSc, as it correlates pos-
itively with the Th1 [interferon y (IFN-y) and tumor ne-
crosis factor o (TNF-a)] and Th17 [interleukin (IL)-17A,
IL-17F, IL-1p, and IL-21] cytokine profiles [15]. Based on
our previous results and the existing data, this study aimed
to analyze whether there was an association between the
expression of MIF and its binding receptor (CD74) at the
systemic (mRNA and protein) and in situ (skin cells) levels
in SSc patients.

Material and methods
Patients

This study was conducted in 20 SSc patients classified
according to the 2013 American College of Rheumatol-
ogy/European League Against Rheumatism classification
criteria for SSc [16]. They were consecutively enrolled
from the Rheumatology Department at Hospital General
de Chilpancingo “Dr. Raymundo Abarca Alarcén”, Chil-
pancingo de los Bravo, State of Guerrero, Mexico. In the
same way, 20 control subjects (CS) recruited from the gen-
eral population were included.

Informed written consent was obtained from all subjects
before enrollment in the study. The investigation was per-
formed according to the ethical guidelines of the 2013 Dec-
laration of Helsinki. It was approved by the ethical, research,
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and biosecurity committee of the Hospital General de Chil-
pancingo “Dr. Raymundo Abarca Alarcén”, Chilpancingo de
los Bravo, State of Guerrero, Mexico (CI/317/2016).

MIF and CD74 mRNA expression analysis

The peripheral blood sample was collected in EDTA
blood collection tubes (BD Vacutainer NJ, USA). The to-
tal leukocytes were isolated using dextran reagent (5%)
(Sigma Aldrich Co), and the total RNA was obtained us-
ing TRIZOL reagent (Invitrogen, Carlsbad, CA, USA)
conforming to the Chomczynski and Sacchi method [17].
The RNA concentration and purity were measured by
spectrophotometry (ratio A260/A280) (NanoDrop 2000,
Thermo Scientific). After that, the cDNA was synthesized
from 1 pg of total RNA, and reverse transcription was per-
formed using primer oligodT (Promega Corporation, USA)
as indicated by the manufacturer.

We conducted the quantification of MIF and GAPDH
mRNA by real-time PCR, using UPL hydrolysis probes
(Cat. No. 05190541001 and 05190541001, Roche Applied
Science, Penzberg, Germany). All samples were run in
triplicate using the conditions indicated in the UPL Gene
Expression Assay protocol in a LightCycler 96 System
(Roche Applied Science).

CD74 mRNA expression was quantified using TagMan
probes (Cat. No. 4331182, Applied Biosystems, United
States), and GAPDH (Cat. No. 4331182, Applied Bio-
systems, United States) was used as a reference gene.
The mRNA expression analysis was performed through
274404 and 2724 methods after validation of reaction effi-
ciency for the target genes (MIF and CD74) and the refer-
ence gene (GAPDH) [18].

MIF serum levels

The blood samples of all individuals were collected
and centrifuged to obtain the sera, which were subsequent-
ly stored at —20°C. After that, MIF serum levels were de-
termined by the Human MIF ELISA Kit Protocol (LEG-
END MAX Human Active MIF ELISA Kit, BioLegend)
according to the manufacturer’s instructions. MIF assay
sensitivity was 6 pg/ml.

Immunohistochemistry for MIF and CD74

We analyzed the expression of MIF and CD74 in skin
biopsy samples. Skin biopsies were obtained at the time
of sera collection and were fixed in Michel’s solution for
later paraffin embedding. The skin samples were obtained
by a 4-mm puncture biopsy under local anesthesia from
the affected skin. Samples were embedded in paraffin and
cut into 5 pm sections for mounting on pre-loaded slides.

Tissues were routinely processed by heat, xylene, and
graded ethanol solutions. Once tissue sections were re-
hydrated, antigen retrieval was accomplished in a bath of
sodium citrate solution 10mM (pH = 6) at 95°C for 10 min
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followed by cooling in a cold citrate solution. Endogenous
peroxidase activity was neutralized with H,O, (Peroxi-
dase Block) for 10 minutes. To reduce the non-specific
binding of primary antibody and polymer, the Novocastra
Protein Block was applied. The sections of each biopsy
were incubated overnight at 4°C with one of the follow-
ing primary antibodies: anti-MIF (Cat. ab55445; dilution
1:200) or anti-CD74 LN2 (Cat. ab9514; dilution 1 : 200).
The detection of primary antibodies was performed us-
ing the polymer Novolink (Cat: RE7140-CE, Novocastra,
UK). Sections were further incubated with the substrate/
chromogen, 3,3'-diaminobenzidine (DAB), prepared from
DAB Chromogen and Novolink DAB Substrate Buffer.
Finally, sections were counterstained with hematoxylin.

After staining, images of the slides were captured with
a digital camera (Axiocam ICc 1; Zeiss AG, Oberkochen,
Germany) and the reaction was assessed qualitatively by
intensity of the mark. The analysis was performed by two
independent pathologists in a blinded fashion to ensure
consistent and reproducible results. The positive cells for
the brand (CD74 or MIF) were quantified according to
their lineage (keratinocytes, lymphocytes, fibroblasts, en-
dothelium and salivary glands), based on their morphology
and tissue location. In accordance with the Human Protein
Atlas [19], we used human tissues in which CD74 or MIF
are constitutively expressed (appendix and tonsil normal
tissue for CD74; breast and prostate normal tissue for MIF,
data not shown). The negative control for both antibodies
was obtained by incubating the tissues in the absence of
primary antibody.

Statistical analysis

Data were analyzed as follows: the qualitative variables
were expressed as percentages and absolute frequency, and
continuous variables distributed normally were expressed
as the mean +standard deviation (SD). Those non-normally
distributed were expressed as median and 5-95™ centiles.
The Mann-Whitney U-test was used to evaluate differenc-
es between the two groups, and the Kruskal-Wallis test
was used to analyze differences between three or more
groups (for variables distributed non-normally) followed
by Dunn’s adjustment for multiple comparisons. Statis-
tical analysis was performed using STATA version 11.1
and GraphPad Prism version 6.0 Software. A probability
(p) value of less than 0.05 was considered significant.

Results
Clinical and demographic characteristics
of SSc patients and CS
The demographic and clinical data of SSc patients and
CS are shown in Table 1. In this study, a total of 20 pa-

tients diagnosed with SSc (16 females and 4 males; aged
44.4 +17.7 years), and 20 CS (15 females and 5 males;
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Table 1. Demographic and clinical characteristics of sys-
temic sclerosis (SSc) patients

Variables SSc (n = 20) CS (n =20)
Demographics
Age (years)* 44.4 £17.7 39.6 £14.6
Gender®
Female 80 (16) 75 (15)
Male 20 (4) 25(5)
BMI (kg/m?)? 244 +3.9 26.9 +4.0
Clinical assessment
Disease subtype®
lcSS¢ 70 (14) -
dcSSe¢ 30 (6) -
Disease evolution (years)® 4 (0.5-20) -
Clinical manifestations®
Skin thickening 95(19) -
Joint contractures 95(19) -
Puffy fingers 75 (15) -
Raynaud’s phenomenon 70 (14) -
Telangiectasia 50 (10) -
Clinical evaluation
Spanish HAQ-DI, 0-3 scale* 0.46 +0.44 -
mRSS51¢ 6 (0-30) -
Drug treatment”
None 55(11) 100 (20)
Prednisone 35(7) -
Methotrexate 35(7) -
Chloroquine 153) -

“Data presented as mean * standard deviation. "Data presented as percentage
and n. ‘Data presented as median (p5-p95). SSc — systemic sclerosis, BMI — body
mass index, dcSSc — diffuse cutaneous systemic sclerosis, lcSSc — limited cutaneous
systemic sclerosis, mRSS — modified Rodnan skin score, Spanish HAQ-DI —
the Spanish version of Health Assessment Questionnaire Disability Index.

aged 39.6 +14.6) were included. A higher percentage of
individuals with a classification of 1cSSc (86%) compared
to dcSSc (14%) was observed in SSc patients.

SSc patients had disease evolution of 4 years (0.5-20)
at the inclusion time. Most patients had sclerodactyly and
joint contractures (95%), followed by pufty fingers (75%),
Raynaud’s phenomenon (70%), and telangiectasia (50%).
Concerning the clinical evaluation, the patients had a mean
HAQ (Health Assessment Questionnaire disability index)
of 0.46 £0.44 and a median mRSS51 (Modified Rodnan
Skin Score) of 6 (0-30). Most patients were not under
treatment (55%) because they were enrolled in the pres-
ent study at the time of diagnosis by the rheumatologist.
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Fig. 1. Relative MIF and CD74 mRNA expression. MIF and CD74 mRNA expression in peripheral blood mononuclear
cells from control subjects (CS) and systemic sclerosis (SSc) (A, C). MIF and CD74 mRNA expression in SSc patients
with limited cutaneous (1cSSc) and diffuse cutaneous SSc (dcSSc) (B, D). Relative expression analysis was performed
using 2-4% and 2244 methods, and the GAPDH gene was used as the reference gene. Statistical comparisons between

groups were made using the Mann-Whitney U test

On the other hand, patients under treatment were treated
mainly with methotrexate (35%) and prednisone (35%),
followed by chloroquine (15%).

MIF and CD74 mRNA expression

MIF and CD74 mRNA expression levels were evaluat-
ed in peripheral blood mononuclear cells from SSc patients
and CS (Fig. 1A, C). According to the 2744“4 method, MIF
mRNA expression was 2-fold less in SSc compared to CS
(Fig. 1A). Similarly, CD74 mRNA expression was lower
(1.4-fold less) in SSc patients compared to CS (Fig. 1C).
These differences were only significant for the MIF mRNA
expression when the data were assessed by the 27 meth-
od (p = 0.02) [20]. To investigate the role of MIF and
CD74 according to the types of SSc, we compared the MIF
(Fig. 1B) and CD74 (Fig. 1C) mRNA expression between
patients with IcSSc and dcSSc. We observed that patients
with dcSSc had lower MIF (1.4-fold) and CD74 (2.6-fold)
mRNA expression than patients with 1cSSc, however, this
difference was not statistically significant (p > 0.05).
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Serum levels of MIF according to the type of SSc

We observed higher MIF serum levels in SSc patients in
comparison to the CS group [SSc: 3.72 (0.58-9.5) ng/ml vs.
CS: 3.28 (0.74-4.37) ng/ml], but the difference was not sta-
tistically significant (p = 0.52, Fig. 2A). Subsequently, we
compared the MIF serum levels between 1cSSc and dcSSc
patients, and CS (Fig. 2B) and observed higher MIF serum
levels in dcSSc patients (3.82 ng/ml), followed by 1cSSc
patients (3.57 ng/ml) and CS (3.28 ng/ml). However, these
differences were not statistically significant (p = 0.77).

Detection of MIF and CD74 in skin cells

We analyzed the expression of MIF and CD74 in
skin biopsies by IHC. Twenty cases of scleroderma skin
were examined and immunostained with anti-MIF and
anti-CD74 antibodies. All tissues showed a lack of epi-
dermal appendages and scant cellularity of the reticular
dermis, which showed thickened collagen bundles. In the
epidermis, we found that most patients showed expression

Central European Journal of Immunology 2021; 46(3)
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Fig. 2. MIF serum levels in control subjects (CS) and systemic sclerosis (SSc) patients. A) Comparison of soluble levels
of MIF between CS and SSc patients. B) Comparison of soluble levels of MIF between CS, limited cutaneous (IcSSc),
and diffuse cutaneous SSc (dcSSc). The values are shown as scatter diagrams. The p-value was calculated with the Kru-

skal-Wallis test or Mann-Whitney U test, as appropriate

positive of MIF and CD74 in keratinocytes followed by the
spindle fibroblast-like cells (Fig. 3C, D). Likewise, MIF
and CD74 were expressed in dermal cells, such as glands
and infiltrating mononuclear cells. On the other hand,
in endothelial cells, both MIF and CD74 were expressed
in a lower percentage (Fig. 3A, B). In the control skin
specimen, MIF was strongly expressed in all layers of the
epidermis and in endothelium and scarce fibroblasts of
the papillary dermis. CD74 was irregularly expressed in
some keratinocytes of the basal and spinosum stratum,
and in endothelial cells (data not shown).

In the stratification of SSc subtypes (IcSSc and dcSSc),
CD74 was more strongly stained in fibroblasts of dcSSc
patients (Fig. 4B, C) than in 1cSSc (Fig. 4B, D) (p = 0.001).
Similarly, MIF showed stronger staining in fibroblasts of
dcSSc (Fig. 4A) patients than in 1cSSc patients, but these
differences were not significant (p = 0.35).

Discussion

Macrophage migration inhibitory factor is an immuno-
regulatory cytokine that inhibits apoptosis induced by p53
activation and regulates the proliferation of different types
of cells [21] via its cognate CD74 receptor and CD44 signal-
ing co-receptor [22]. In SSc, it has been suggested that MIF
could contribute to skin fibrosis by inhibiting the apoptosis
of dermal fibroblasts [9], and it augments fibroblast prolifer-
ation and collagen synthesis [8]. However, the participation
of MIF receptors in the pathogenesis of SSc has been poorly
investigated [14]. To obtain more information about the role
of MIF and CD74 in SSc, we evaluated the MIF serum lev-
els in 1cSSc, dcSSc, and CS, followed by the MIF and CD74
mRNA expression in leukocytes and the skin.

Corallo et al. suggest that MIF is produced by fibro-
blasts at the beginning of their differentiation into myofi-

Central European Journal of Immunology 2021; 46(3)

broblasts and that MIF probably prevents their apoptosis in
SSc [14], and increased MIF expression has been reported
by high-genotypic MIF expressing skin fibroblasts in cul-
ture [20]. It has also been suggested that MIF produced by
activated T cells may exert an autocrine effect to inhibit
apoptosis in fibroblasts, thereby promoting their survival,
persistence, and proliferation [9]. The present study eval-
uated MIF mRNA expression in peripheral blood leuko-
cytes, where we observed higher MIF mRNA expression
in CS than in SSc patients. Previous studies have reported
that anti-rheumatic drugs such as chloroquine negative-
ly regulate the mRNA expression of some inflammatory
cytokines (TNF-a and IL-1p), which correlate with MIF
expression [23]. However, despite a significant percentage
of our patients being under treatment, MIF mRNA expres-
sion was not different between SSc patients without or
with drug treatment. To better understand the reasons for
this discordance, the processes involved in the synthesis
and degradation of MIF at the tissue and systemic levels
should be investigated in future studies in SSc patients.
CD74 is a high-affinity receptor for MIF [24], and
we evaluated the CD74 mRNA expression in peripheral
blood leukocytes. In this regard, higher mRNA expression
of CD74 in CS was observed in comparison with the SSc
patients, similar to that found in MIF mRNA expression.
Several studies have shown increased MIF levels in
serum and dermal fibroblast culture supernatant of SSc pa-
tients [7, 9, 25]. In serum, it has been observed that patients
with deSSc have higher levels of MIF than patients with
1cSSc and CS [6, 7]. However, in our population, these sig-
nificant differences were not observed when comparing the
serum levels of MIF between patients with SSc and CS, or
when stratifying them by type of SSc. Our results coincide
with those reported by Wu et al., who did not observe sig-
nificant differences of MIF serum levels between types of
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SSc; however, they found significantly higher MIF levels
in the group of patients with SSc in comparison to the CS
group [20]. The discrepancy between the previous studies
reflects the variability in the serum levels of MIF in SSc,
which can be influenced by the treatment (methotrexate,
glucocorticoids, and chloroquine) [26, 27]. On the oth-
er hand, probably the serum levels of this protein do not
correlate positively with their production at sites of skin
pathology [28].

The expression of MIF mRNA in leukocytes showed
no correlation with MIF serum levels in the present study.
In this regard, it is known that the expression of the mRNA
of a particular gene does not always predict the expression
of the protein; this is especially true in the case of cyto-
kines, and the correlation between the two can vary sig-
nificantly [29]. There are several possible explanations for
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these differences between mRNA and protein levels, such
as post-transcriptional regulation, which has been shown
to play a vital role in controlling the expression of cyto-
kines by modulating mRNA stability [30, 31]. However,
it is important to consider that MIF is not only expressed
in the blood cells but is also expressed in skin cells, and it
is associated with wound repair [32]. MIF is also present
in preformed intracellular stores and undergoes a special-
ized export process upon inflammatory stimulation [33].
A crucial role of MIF in wound healing has been docu-
mented in previous studies, where it mediates the response
to tissue injury and regulates the immunological and in-
flammatory phases of the wound process [32, 34]. MIF
also exerts chemotactic action on the keratinocytes of the
skin; in addition, fibroblasts of the skin wound produce
a more significant amount of MIF in response to inflam-

Central European Journal of Immunology 2021; 46(3)
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matory stimulation, and interestingly, this factor is import-
ant in the migration of the fibroblasts and the regeneration
of the skin after the wound [35, 36]. Taken together, these
results could suggest that MIF contributes to the wound
healing process of skin tissue, including tissue remodeling
and fibrosis, which are characteristic of SSc.

To obtain more information about the role of MIF and
CD74 in SSc, we examined skin biopsies by IHC. We found
that MIF and CD74 were expressed in a higher percentage
in keratinocytes followed by fibroblasts, sweat glands,
infiltrating mononuclear cells, and skin endothelial cells.
These findings agree with those reported by Selvi et al.,
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who observed MIF staining in keratinocytes, fibroblasts,
sweat glands, infiltrating mononuclear cells, and endothe-
lial cells; the presence of the CD74 receptor was not eval-
uated in their study [6].

Corallo et al. evaluated the presence of MIF and its
CD74 receptor in skin biopsies of patients with SSc and
also reported increased immunoreactivity of MIF in kerat-
inocytes, fibroblasts, endothelium, sebaceous/sweat glands
of 1cSSc/dcSSc patients with skin involvement. They de-
tected only weak immunoreactivity of MIF in the control
subjects’ skin and in the unaffected skin of patients with
IcSSc. Whereas the CD74/CD44 receptor complex showed
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no difference between the control and affected and unaf-
fected skin of dcSSc/lcSSc patients [14], MIF and CD74
expression in skin cells — mainly in keratinocytes and
fibroblasts — supports the hypothesis that MIF and most
likely CD74 play an essential role in the development of
fibrotic lesions of the skin in the course of SSc. It is known
that keratinocytes have an important role in the pathogen-
esis of SSc, through the activation of fibroblasts inde-
pendently of transforming growth factor $ (TGF-B) [37].
Also, it has been reported that increased MIF expression
may suppress apoptosis in keratinocytes [38].

Finally, we observed a higher percentage of CD74
expression in fibroblasts of dcSSc patients than in 1cSSc
patients. On the other hand, Corallo ef al. did not find
significant differences in the analysis of the CD74/CD44
receptors between the control and dcSSc/lcSSc affected
and unaffected skin [14]. There also appeared to be a high-
er percentage of MIF expression in fibroblasts of dcSSc
patients than in 1cSSc patients; however, the differences
between the types of SSc were not significant.

In conclusion, the present findings support the notion
that MIF and CD74 have a more important role in the lo-
calized inflammatory process (in the skin) in SSc patients
than at the systemic level since we observed lower MIF ex-
pression and CD74 mRNA in SSc patients than in CS. The
expression of MIF and CD74 was found in the skin of SSc
patients, mainly in keratinocytes and fibroblasts, which are
essential cells in the tissue remodeling process in SSc. In
addition, the overexpression of CD74 observed in biop-
sies of patients with deSSc suggests that CD74 could be
involved in exacerbated fibrosis in dcSSc; however, their
participation is unclear. Additional studies are required
in the different SSc types to describe the involvement of
MIF/CD74 in the fibrotic process of this disease.
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