
Introduction

Macrophage migration inhibitory factor (MIF) 
is an inflammatory cytokine that sustains mac-
rophage activation and suppresses glucocorticoid 
signaling (1). MIF expression is associated with two 
commonly occurring promoter polymorphisms. The 

-794 CATT microsatellite has 5 to 8 repeats, and 
longer length results in increased gene expression 
due to enhanced binding of the transcription factor 
ICBP90 (2). The high expression allele, -794 CATT7, 

is in linkage disequilibrium with the -173C single 
nucleotide polymorphism (SNP)(1), and this SNP 
sometimes reveals associations because of reduced 
locus heterogeneity. Increased MIF expression has 
been associated with the development and severity 
of multiple granulomatous, autoimmune diseases in-
cluding granulomatosis with polyangitis (3), hyper-
sensitivity pneumonitis (4), and idiopathic pulmo-
nary fibrosis (5).

Despite these reports, MIF association stud-
ies have been discordant in sarcoidosis. Amoli et al. 
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identified a greater frequency of the -173C allele in 
patients with erythema nodosum (EN) due to sar-
coidosis compared to those with EN due to other 
etiologies (6). A subsequent study reported that the 
MIF -173C allele is associated with Lofgren’s syn-
drome but not with susceptibility to sarcoidosis (7). 
Plant et al. examined the functional -794 CATT5-8 
microsatellite and reported no association between 
the low expression CATT5 allele and susceptibility 
to sarcoidosis, EN, or disease severity (8). These dif-
fering conclusions may be related to variable disease 
definitions, population stratification, or underpow-
ered sample sizes.  

The Genomic Research in Alpha-1 Antitrypsin 
Deficiency and Sarcoidosis (GRADS) study is an 
observational cohort study designed to examine the 
pathobiology of these two diseases. Patients with 
sarcoidosis were enrolled with the goal of identify-
ing biomarkers and genotypes associated with the 
various sarcoidosis phenotypes. Patient data included 
detailed medical and exposure histories, blood sam-
ples, spirometry and radiology studies (9). We ex-
amined associations between sarcoidosis phenotypes 
and MIF promoter polymorphisms in these patients. 

Methods

The GRADS study recruited 351 sarcoidosis 
patients from nine clinical centers across the United 
States, and 371 healthy controls were culled from a 
previously published registry (10). The relevant In-
stitutional Review Boards approved this study, and 
all subjects gave signed informed consent.  The easy-
DNA kit (Invitrogen) was used to isolate genomic 
DNA from serum samples and polymorphisms were 
identified as described previously (11). In short, the 
-173G/C SNP [rs755622] was analyzed with the 
established Taqman assay for allelic discrimination 
(Applied Biosystems, ABI), and the -794 CATT5–8 

microsatellite repeat [rs5844572] genotyping was 
performed by polymerase chain reaction with analy-
sis by automated capillary electrophoresis (3730xl 
Genetic Analyzer, ABI). 

Because MIF allelic frequencies vary by race 
(10), we stratified our cohort into self-identified 
white (including two Latinos) and black subjects. 
Asians and Native Americans were excluded due to 
small sample sizes. Race categories were confirmed 

by genetic admixture analysis in the control group. 
The -173G/C SNP conformed to Hardy-Weinberg 
equilibrium in both whites and blacks. Differences 
in genotype frequencies were assessed by logis-
tic regression adjusting for age and sex. Pulmonary 
sarcoidosis severity was characterized by forced ex-
piratory volume in one second (FEV1), forced vital 
capacity (FVC), diffusing lung capacity for carbon 
monoxide (DLCO) and Scadding stage. Differences 
in these measurements by genotype were assessed 
using a two-sample t-test for normally distributed 
samples and Mann-Whitney test for non-normally 
distributed two group comparisons. Chi-square tests 
for homogeneity were used to compare the propor-
tions of white patients with each Scadding stage by 
genotype. Genotype frequencies in cardiac sarcoido-
sis patients versus healthy controls were compared 
using chi-square tests. Analyses were performed in 
RStudio v 1.2.1335 for Mac. 

Results 

After age and sex adjustment, there were no dif-
ferences in the frequency of the low MIF expression 
-794 CATT5 containing genotype between sarcoido-
sis subjects and healthy controls in whites (41% vs. 
36% in controls, p = 0.169) or blacks (47% vs. 52% 
in controls, p = 0.744). The -173C containing geno-
type was not more common in the sarcoidosis pa-
tients versus controls regardless of race (whites: 31% 
vs 40% in controls, p = 0.153; blacks: 63% vs. 64% in 
controls, p = 0.150). All sarcoidosis patients had nor-
mal (> 80% predicted) FEV1 and FVC regardless of 
their -794 CATT and -173 SNP genotypes. How-
ever, while whites had normal DLCO, blacks had 
reduced DLCO. The severity of this impairment was 
not associated with genotype (black DLCO: -794 
CATT5 71.4% predicted vs. -794 CATTnon-5 66.6% 
predicted p = 0.508; -173G/G 66.6% predicted vs 
-173C 69.2% predicted, p = 0.595). The proportion 
of white patients with each Scadding stage did not 
vary by genotype (Table 1). While the sample sizes 
for black patients with each Scadding stage were 
too small for statistical analyses, the proportions of 
patients with each Scadding stage appeared similar 
regardless of genotype. 

The potential role of MIF in extrapulmonary 
sarcoidosis phenotypes was examined. Sixteen pa-
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tients had sarcoidosis with neurologic involvement, 
4 with CNS disease (2 black and 2 white) and 12 
with peripheral nerve involvement (5 black and 7 
white). Among the patients with neurologic sarcoid, 
the -794 CATT5 containing genotype was common 
in both racial groups (6 of 9 white patients and 5 of 
6 black patients with CATT genotyping available), 
while the -173C SNP was more common in blacks 
as compared to whites (83% vs 22%). Erythema no-
dosum occurred in 8 whites and 1 black patient, and 
Lofgren syndrome occurred in 5 whites and no black 
patients. Among the white patients, 6 of those with 
erythema nodosum and 3 of those with Lofgren’s 
syndrome had the -794 CATT5 containing genotype. 
In contrast, the high expression -173C SNP was pre-
sent in 2 of those with erythema nodosum and 1 of 
those with Lofgren’s syndrome. Cardiac sarcoidosis 

was reported in 53 white and 7 black subjects. There 
were no differences in the frequency of the -794 
CATT5 containing genotype between white cardiac 
sarcoidosis subjects and healthy controls (46% vs. 
36% in controls, p = 0.231). The -173C SNP fre-
quency was the same in white patients with this phe-
notype and healthy controls (-173C: 37% vs. 40% in 
healthy controls, p = 0.894). 

Discussion

Because MIF is associated with other autoim-
mune (10) and granulomatous (4,10,12) diseases, 
some have hypothesized that variability in MIF ex-
pression may contribute to sarcoidosis susceptibility 
or severity (6–8). Examination of the GRADS co-

Table 1. The number (%) of white (A) and black (B) subjects with each Scadding stage by genotype. Chi-square tests for ho-
mogeneity were used to compare the proportions of white subjects with each Scadding stage by genotype
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hort revealed no apparent relationship between ei-
ther the  -794 CATT5 allele or the -173C SNP and 
sarcoidosis development, which is consistent with 
previous studies (7,8). However, two groups have re-
ported associations between the MIF -173C allele 
and sarcoidosis-related erythema nodosum (6) and 
Lofgren’s syndrome (7).  These associations were not 
observed in our study, but our cohort was limited by 
small extrapulmonary sarcoidosis subgroups. In sum, 
this is the third study to examine MIF allelic frequen-
cies in sarcoidosis and none have found associations 
between MIF and disease development. In contrast, 
previous work has reported increased frequency of 
the -173C SNP in patients with erythema nodosum 
and Lofgren’s syndrome  and further examination of 
MIF in these phenotypes is warranted. Our study 
was not powered to study these sarcoidosis subtypes. 

Separately, it is well established that African 
Americans have more severe sarcoidosis presenta-
tions than Caucasian Americans (13), and blacks in 
our cohort had lower DLCO than whites, which is 
consistent with previous work (14). Because MIF al-
lelic frequencies vary by race (10), we hypothesized 
that some of the increased sarcoidosis  severity ob-
served in blacks could be related to differences in 
MIF genotypes. However, our patients had the same 
MIF allelic frequencies as healthy controls regardless 
of race. Moreover, when stratified by disease severity, 
there were no differences in allelic frequencies be-
tween blacks.  

Other studies have examined possible determi-
nants of sarcoidosis severity and some may be asso-
ciated with race including less physical activity and 
more mineral exposures in blacks compared to whites 
(13). Improving our understanding of the environ-
mental and genetic factors that contribute to racial 
disparities in sarcoidosis will be critical to bolster-
ing the health of the African American community. 
While MIF may play a role in the racial differences 
observed in other diseases given its strong popula-
tion stratification (15,16), it does not appear central 
to pulmonary sarcoidosis pathogenesis.

Our findings are consistent with previous re-
ports (7,8) suggesting that MIF expression is not as-
sociated with sarcoidosis susceptibility or severity of 
pulmonary disease regardless of race. 
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