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Abstract: BACKGROUND: Vitiligo is an autoimmune skin disorder in which the loss of melanocytes is mainly attributed to defec-

WLYH�DXWRLPPXQH�PHFKDQLVPV�DQG��ODWHO\��WKHUH�KDV�EHHQ�PRUH�HPSKDVLV�RQ�DXWRLQÁDPPDWRU\�PHGLDWRUV��$PRQJ�WKHVH�LV�WKH�
macrophage migration inhibitory factor, which is involved in many autoimmune skin diseases. However, little is known about 

the contribution of this factor to vitiligo vulgaris. 

OBJECTIVE: To determine the hypothesized role of migration inhibitory factor in vitiligo via estimation of serum migration in-

hibitory factor levels and migration inhibitory factor mRNA concentrations in patients with vitiligo compared with healthy 

controls. We also aimed to assess whether there is a relationship between the values of serum migration inhibitory factor and/

or migration inhibitory factor mRNA with disease duration, clinical type and severity in vitiligo patients. 

METHODS: Evaluation of migration inhibitory factor serum level and migration inhibitory factor mRNA expression by ELISA 

and real-time PCR, respectively, were performed for 50 patients with different degrees of vitiligo severity and compared to 15 

age- and gender-matched healthy volunteers as controls. 

RESULTS: 7KHUH�ZDV�D�KLJKO\�VLJQLÀFDQW�LQFUHDVH�LQ�VHUXP�PLJUDWLRQ�LQKLELWRU\�IDFWRU�DQG�PLJUDWLRQ�LQKLELWRU\�IDFWRU�P51$�
OHYHOV�LQ�YLWLOLJR�FDVHV�ZKHQ�FRPSDUHG�WR�FRQWUROV��S���������7KHUH�ZDV�D�VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�ERWK�VHUXP�
migration inhibitory factor and migration inhibitory factor mRNA concentrations in vitiligo patients, and each of them with 

GXUDWLRQ�DQG�VHYHULW\�RI�YLWLOLJR��,Q�DGGLWLRQ��SDWLHQWV�ZLWK�JHQHUDOL]HG�YLWLOLJR�KDYH�VLJQLÀFDQWO\�HOHYDWHG�VHUXP�PLJUDWLRQ�
inhibitory factor and mRNA levels than control subjects. 

STUDY LIMITATIONS: Small number of investigated subjects. 

CONCLUSIONS: Migration inhibitory factor may have an active role in the development of vitiligo, and it may also be a useful 

index of disease severity. Consequently, migration inhibitory factor may be a new treatment target for vitiligo patients. 
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INTRODUCTION

Vitiligo is a common pigmentary disorder, which has pro-

found psychological consequences and negative impact on the psy-

chological well-being and social interactions of the patients.1 Many 

studies across decades and all over the world have attempted to 

illustrate the pathogenesis behind it; however, the pathogenesis of 

vitiligo remains elusive.2

Among different types of vitiligo, melanocyte loss is now 

widely believed to be an autoimmune process, and one of the stron-

gest factors supporting an autoimmune origin of vitiligo vulgaris is 

its epidemiological association with other autoimmune diseases.3,4

Many theories have been put forward, among which the au-

toimmune theory is the most popular one. In addition, many studies 

have indicated a role for both cellular and humoral immunity in the 

pathogenesis of vitiligo.3

Cellular immunity is known to have a role in the pathogen-

esis of vitiligo. Both helper and cytotoxic T cells promote a T-helper 

(Th)1 response with secretion of tumor necrosis factor (TNF)-  and 

interferon (IFN)- .5 0DFURSKDJH� LQÀOWUDWLRQ� KDV� DOVR� EHHQ� IRXQG� LQ�
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vitiligo lesions, with increased numbers present in perilesional skin.3

Macrophage migration inhibitory factor (MIF) is a critical 

SOXULSRWHQW�F\WRNLQH��,W�KDV�EHHQ�UH�HYDOXDWHG�DV�D�SURLQÁDPPDWRU\�
cytokine, pituitary hormone and glucocorticoid-induced immuno-

regulatory protein. It can exert its action by many pathways includ-

ing CD74/CD44 receptor complex, CXCR4 and CXCR2.6 MIF collects 

PDFURSKDJHV�DW�LQÁDPPDWLRQ�VLWHV��FRQYHUVHO\��PDFURSKDJHV�DQG�7�
cells are the primary source of MIF. Extensive studies have shown 

that MIF has a critical role in innate and adaptive immunity.7,8

Macrophage migration inhibitory factor (MIF) is known to 

be involved in immune-mediated disorders, and may also play a 

pivotal role in many autoimmune skin diseases, such as systemic 

lupus erythematosus, systemic sclerosis and atopic dermatitis.7,9 

Autoimmunity has a role in the etiology of vitiligo, and cellular im-

munity is also implicated in the pathogenesis of the disease. So, MIF 

may have a role in the pathogenesis of vitiligo. However, this role 

of MIF in vitiligo is currently not well known and only few studies 

investigated this issue.

Therefore, we aimed to investigate the serum levels of MIF 

and MIF mRNA expression in patients with vitiligo in comparison 

with healthy controls. We also aimed to determine whether there 

is any relationship between MIF serum and/or MIF mRNA levels 

with vitiligo duration, clinical type and severity in those patients, 

hoping to shed light on the hypothesized role of MIF in the etio-

pathogenesis of vitiligo.

METHODS

This case-control study was carried out on 50 vitiligo pa-

tients with different degrees of severity. They were selected from 

WKH�'HUPDWRORJ\�2XWSDWLHQW� FOLQLF��0HQRXÀD�8QLYHUVLW\ hospital, 

between October 2014 and October 2015. In addition, 15 age- and 

gender-matched healthy volunteers were included as controls.

Inclusion criteria:

-Newly diagnosed cases of vitiligo.

-Any patient should stop topical (2 weeks) and systemic (1 

month) treatment for his/her vitiligo before joining the study.

Exclusion criteria:

��6XEMHFWV�KDYLQJ�DXWRLPPPXQH���LQÁDPPDWRU\�GLVHDVHV��
- Subjects with current infection or immunosuppression.

- Pregnant or lactating women.

Each individual in the study signed a written consent form 

approved by The Committee of Human Rights in Research of Me-

QRXÀD�8QLYHUVLW\��
All participants in the study were subjected to:

1-Thorough history taking, stressing on onset, duration 

and family history of vitiligo.

2-Complete clinical examination:

a) general examination, to detect any excluding factor

b) dermatological examination, to evaluate the vitiligo and 

to assess its severity based on VASI score.

3- Measurement of the serum levels of MIF protein:

From every participant, 5 ml of venous blood were obtained 

in the morning between 8:00 and 9:00 am after an overnight fast, 

under complete aseptic condition. From those 5ml, 2ml were put 

in plain tube and allowed to clot then centrifuged at 4000 r.p.m for 

10 min, and the separated sera were stored at -80°C till timing for 

serologic testing. Serum level of MIF was measured using enzyme 

linked immunosorbant assay (ELISA) technique by Boster’s human 

MIF ELISA Kit following the manufacturer’s instructions (Boster 

Immunoleader, Boster Biological Technology Co., Ltd.).

4-Gene expression Analysis of Macrophage Migration In-

hibitory Factor (MIF): 10

RNA isolation: The other 3ml of the collected 5ml venous 

blood were collected in EDTA tube. Total RNA was extracted from 

whole blood (collected in EDTA tube) by GeneJET Whole Blood 

51$� 3XULÀFDWLRQ� 0LQL� .LW� �7KHUPR� VFLHQWLÀF��� DFFRUGLQJ� WR� WKH�
PDQXIDFWXUHU·V� SURWRFRO�� 51$� VDPSOHV� ZHUH� VWRUHG� DW� ²��� XQWLO�
analysis. The concentration of RNA was determined by measuring 

its absorbance at 260nm (A260). Absorbance readings should be 

JUHDWHU�WKDQ������WR�HQVXUH�VLJQLÀFDQFH��7KH�UDWLR�EHWZHHQ�WKH�DE-

sorbance value at 260 and 280nm (A260 /A280) gives an estimate 

of RNA purity. (A260 / A280) ratio greater than 1.6 was accepted. 

7ZR�VWHS�57²3&5�ZDV� GRQH� DV� IROORZV�� )RU� UHYHUVH� WUDQVFULSWLRQ�
step, a reverse transcriptase kit (SensiFAST cDNA synthesis kit, Bi-

ROLQH�5HDJHQWV�/WG��8QLWHG�.LQJGRP��ZDV�XVHG�IRU�FRPSOHPHQWD-

ry DNA (cDNA) synthesis on 2720 thermal cycler (Singapore). For 

cDNA synthesis, RNA (10 O��ZDV�UHYHUVH�WUDQVFULEHG�LQ�D�ÀQDO�YRO-
ume of 20 l containing 1 l of reverse transcriptase enzyme, 4 l of 

5x TransAmp buffer and 5 l of DNase/RNase free water. The sam-

SOHV�ZHUH�LQFXEDWHG�DW���Ü&�IRU����PLQ��SULPHU�DQQHDOLQJ���DQG���Ü&�
for 15 min (reverse transcription). Reverse transcriptase was then 

LQDFWLYDWHG�E\�KHDWLQJ�DW���Ü&�IRU���PLQ��$OO�SURGXFWV�ZHUH�VWRUHG�
DW����Ü&�WLOO�WKH�QH[W�VWHS��)RU�F'1$�DPSOLÀFDWLRQ��$�UHODWLYH�TXDQ-

titation of MIF mRNA expression normalized to the endogenous 

reference gene -actin was performed by real-time reverse tran-

scription PCR (RT-PCR), using the 2x SensiFASTTM SYBR® Lo ROX 

Kit (Bioline Reagents Ltd.), on Applied Biosystems 7500 Real-Time 

PCR System. MIF primers were: 5’-ACCAGCTCATGGCCTTCG-’3 

(forward) and 5’- CTTGCTGTAGGAGCGGTT- 3’ (reverse). -actin 

was used as an endogenous reference with primers: 5’-AGTTGCGT-

TACACCCTTTCTTG-3’ (forward) and 5’- TCACCTTCACCGTTC-

&$*777��·��UHYHUVH���7KH�3&5�UHDFWLRQ�PL[WXUH��ÀQDO�YROXPH���� l) 

contained 12.5 l of 2x SensiFASTTM SYBR® Lo ROX Master Mix, 1 μl 

of each primer (Sigma), 5.5 l of DNase/RNase free water and 5 l of 

F'1$��7KHUPRF\FOLQJ�FRQGLWLRQV�ZHUH����PLQ�DW���Ü&��IROORZHG�E\�
���F\FOHV�DW���Ü&�IRU����VHF��DQG���Ü&�IRU���PLQ��)RU�UHODWLYH�TXDQ-

WLÀFDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�E\�57²3&5��WKH�FRPSDUDWLYH�F\FOH�
threshold (Ct) method was used. Analysis was performed using Ap-

plied Biosystems7500, software version 2.0.1.The melting curves of 

MIF and -actin are shown in graph 1.

Statistical analysis

The data were collected, entered and processed on IBMPC 

compatible computer using SPSS software (version 20.0) (SPSS Inc., 

&KLFDJR�� 8�6��� 7ZR� W\SHV� RI� VWDWLVWLFV� ZHUH� GRQH�� WKH� GHVFULSWLYH�
methods (for example, mean and standard deviations for normal 

continuous variables, median and range for non-normal continuous 

variables and frequencies and percentages for categorical variables) 

DQG�DQDO\WLF� VWDWLVWLFV�� H�J��0DQQ�:KLWQH\�8� WHVW�� D� QRQ�SDUDPHW-
ric test used to compare two quantitative not normally distributed. 

Spearman correlation test (rho) to assess correlation between two 
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continuous quantitative variables not normally distributed . p-value 

�������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW��

RESULTS

-Demographic and clinical data:

This study was conducted on 50 patients with vitiligo, they 

were 20 males (40%) and 30 females (60%), with a male-to-female 

ratio of 2:3. Their age ranged between 5 to 70 years with 40.58±18.04 

as a mean value and 48 as a median (Table 1). Forty-one cases pre-

sented with generalized vitiligo (82%) while 9 cases with localized 

vitiligo (18%). The duration of the disease ranged between 1 month 

to 40 years with a mean of 12.30±10.88 years and 10 years as a medi-

an. Family history of vitiligo was positive in 12 cases (24%). The age 

of onset was from 4 to 59 years with 28.80±15.48 as a mean and 27 

as a median value. The severity of vitiligo (assessed by VASI score) 

ranged from 0.09 to 100% with a mean of 24.99±38.16 and 4 as a me-

GLDQ��7DEOH�����2XU�FRQWURO�JURXS�LQFOXGHG����DJH���UDQJH����²�����
years and a mean of 36.20±18.19 years) and gender- (5 males and 10 

females) matched healthy volunteers (Table 1).

MIF (serum and mRNA) levels:

6HUXP�0,)�FRQFHQWUDWLRQV�ZHUH�VLJQLÀFDQWO\�KLJKO\�HOHYDW-
ed in patients with vitiligo vulgaris (32.96±21.45ng/mL) compared 

to controls (8.36 ±2.0ng/mL), (P < 0.001) (Graph 2). In addition, MIF 

P51$�OHYHOV�VKRZHG�DOVR�KLJKO\�VLJQLÀFDQW�LQFUHDVH�LQ�YLWLOLJR�FDV-
es (6.74±3.88ng/mL) than in the control group (1.88 ±0.66ng/mL), 

�3�����������*UDSK�����0RUHRYHU��VWDWLVWLFDOO\�VLJQLÀFDQW�SRVLWLYH�FRU-
relation was recorded between the estimated MIF serum and MIF 

P51$�OHYHOV��U ������S����������*UDSK�����
Relationship between MIF serum and MIF mRNA levels 

with demographic and clinical criteria among vitiligo cases:

2XU� UHVXOW� UHYHDOHG� VWDWLVWLFDOO\� VLJQLÀFDQW� FRUUHODWLRQ� EH-

tween both MIF serum and MIF mRNA expression levels in the 

studied vitiligo cases with both duration of the disease (r = 0.65, P 

�������DQG�U� �������3���������UHVSHFWLYHO\��DQG�LWV�VHYHULW\��U� ������
3��������IRU�ERWK���7DEOH����

The evaluated mean value of serum MIF in cases with gen-

eralized vitiligo was (36.43±21.95) and in localized vitiligo cases was 

(17.13 ±8.16) and this difference was considered statistically signif-

LFDQW� �3 �������$OVR�� WKHUH�ZDV� KLJKO\� VLJQLÀFDQW� LQFUHDVH� LQ�0,)�
mRNA levels in patients with generalized (7.45±3.88) than in those 

GRAPH 1:�$PSOLÀFDWLRQ�SORW�RI�0,)�DQG� -actin ( Rn vs. Cycle)

TABLE 1: Personal data of vitiligo patients and controls

Items 

Studied groups 

p- value
Vitiligo patients

(n=50)

Mean±SD

Controls

(n=15)

Mean±SD

Age (years):

Median

Range

40.58±18.04

48.0

���²����

36.20±18.19

32.0

���²����
t =0.82

0.41

NS

Sex:

Male 

Female 

No % No %

2=0.21
0.64

NS
20 40.0% 5 33.3%

30 60.0% 10 66.7%

TABLE 2: Clinical data of vitiligo patients

Items Vitiligo patients (n=50)

Age of onset of vitiligo (years): 

Mean±SD
Median
Range

28.80±15.48 
27.0 
���²����

Duration of illness with vitiligo 

(years):

Mean±SD
Median
Range

12.30±10.88
10.0
(1 month-40year)

VASI score of patients with vitiligo:

Mean±SD 24.99±38.16

Median 4.0

Range ����²�����

Family history of vitiligo: No (%)

Positive 12 (24%)

Negative 38 (76%)

Type of vitiligo:

Generalized 41 (82%)

Localized 9 (18%)

t= Student t- test 2 �&KL�VTXDUH�WHVW�6'� �6WDQGDUG�'HYLDWLRQ��16 �QRQ�VLJQLÀFDQW��3�YDOXH�!��������6� �VLJQLÀFDQW��3�YDOXH��������
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with localized vitiligo (3.53 ±1.20) (P= 0.001) (Table 3).

Meanwhile, both serum MIF levels and MIF mRNA con-

FHQWUDWLRQV� DUH� VLJQLÀFDQWO\� LQFUHDVHG� LQ� YLWLOLJR� FDVHV�� DV�ZHOO� DV�
positively correlated with vitiligo type, duration and severity. These 

data suggested that MIF had dynamic changes during different dis-

ease status.

However, the correlation between both MIF serum and MIF 

mRNA values in the studied vitiligo cases with other studied demo-

JUDSKLF�DQG�FOLQLFDO�GDWD�FRXOG�QRW�UHDFK�WKH�OHYHO�RI�VLJQLÀFDQFH�

DISCUSSION

,Q� WKH�ÀHOG�RI�GHUPDWRORJ\��0,)�� D�NQRZQ�SUR�LQÁDPPD-

tory cytokine with a pleiotropic spectrum of biologic function- is 

EHOLHYHG� WR�EH�D�GHWULPHQWDO� IDFWRU� LQ�PDQ\� LQÁDPPDWRU\�GHUPD-

tological diseases e.g. allergic and irritant contact dermatitis, atopic 

dermatitis, psoriasis, alopecia areata, pemphigus vulgaris, bullous 

pemphigoid, photoaging and tumorigenesis.11 The suggested role 

of MIF in vitiligo development is based only on two studies and its 

exact effect is not fully certain.

In the current study, we reported that in most patients with 

YLWLOLJR�YXOJDULV��0,)�VHUXP�FRQFHQWUDWLRQV�ZHUH�VLJQLÀFDQWO\�KLJKO\�
elevated than in control subjects, in agreement with that of Serarslan 

et al.12 and Ma et al.10 Within the vitiligo group, this elevated MIF se-

UXP�OHYHO�VKRZHG�VLJQLÀFDQWO\�SRVLWLYH�FRUUHODWLRQ�ZLWK�WKH�DVVHVVHG�
VASI score, denoting that severe form of vitiligo is associated with 

high values of serum MIF. Also, estimated MIF serum levels were sig-

QLÀFDQWO\�KLJKHU�LQ�JHQHUDOL]HG�WKDQ�LQ�ORFDOL]HG�YLWLOLJR��DQG�LQ�ORQJ�
standing cases than in those of short duration of the disease.

7KH�UHSRUWHG�VLJQLÀFDQWO\�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�VH-

UXP�0,)�OHYHOV�DQG�ERWK�W\SH�DQG�VHYHULW\�RI�YLWLOLJR�FRQÀUP�WKH�UH-

sult revealed by Ma et al.10 Although Serarslan et al. agree with us re-

garding correlations between serum MIF levels and disease duration 

and type of vitiligo, they reported no association between severity 

of vitiligo and serum MIF levels.12 Some differences do exist in the 

measurement of vitiligo lesions by different evaluators and, com-

pared with BSA scores, VASI scores include both lesional skin and the 

degree of depigmentation, which may be the reason for the difference 

between our results and those reported by Serarslan et al. 12

GRAPH 2: Comparison of MIF serum and MIF mRNA levels (ng/mL)   
between studied groups (p<0.001)

GRAPH 3: Correlation between MIF mRNA levels (ng/mL)  and MIF 
VHUXP�OHYHOV��QJ�P/��LQ�YLWLOLJR�FDVHV��U ������3��������

TABLE 3: Relationship between MIF serum and MIF mRNA levels with personal and clinical data of vitiligo patients (n=50)

Items No. MIF serum levels (ng/mL) Mean±SD p- value MIF mRNA levels (ng/mL) Mean±SD p- value

Gender :

Male 20 33.86 ±22.60 0.87* 7.72 ±4.18
0.10*

Female 30 32.36 ±21.02 6.10 ±3.54

Family:

Positive 12 34.71±22.03 0.56* 7.40±3.88
0.40*

Negative 38 32.40 ±21.54 6.54 ±3.87

Type 

Generalized 41 36.43±21.95 0.01* 7.45±3.88
0.001*

Localized 9 17.13 ±8.16 3.53 ±1.20

Age (years) 50
r 0.18** r

0.56**
0.19 0.08

Duration (years) 50 0.65 ������ 0.50 ������
VASI score 50 0.83 ������ 0.83 ������

�6SHUPDQ�FRUUHODWLRQ������0DQQ�:KLWQH\�8�WHVW
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,Q� WKH� VDPH� FRQWH[W�� FXUUHQW� UHVXOWV� UHYHDOHG� VLJQLÀFDQWO\�
highly elevated MIF mRNA concentrations in vitiligo patients com-

pared to volunteers, as proved, by Ma et al.10 In line with the study 

RI�0D�HW�DO���ZH�DOVR�UHSRUWHG�VLJQLÀFDQW�KLJK�YDOXHV�RI�0,)�P51$�
LQ�JHQHUDOL]HG�WKDQ�LQ�ORFDOL]HG�YLWLOLJR��DQG�VLJQLÀFDQW�SRVLWLYH�FRU-
relation between evaluated MIF mRNA and VASI score in our cas-

HV��+RZHYHU��WKH�VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�HVWLPDWHG�
MIF mRNA levels and the duration of vitiligo in our study was not 

UHSRUWHG�WLOO�QRZ��0RUHRYHU��ZH�DUH�WKH�ÀUVW�WKDW�GHVFULEH�D�VLJQLÀ-

cant correlation between both MIF serum and MIF mRNA concen-

WUDWLRQV�LQ�FDVHV�RI�YLWLOLJR��WKDW�PD\�UHÁHFW�WKH�VRXUFH�RI�VHUXP�0,)�
in vitiligo patients.

One particular hallmark of MIF is its ability to override im-

munosuppressive effects of glucocorticoids, thereby promoting and 

DJJUDYDWLQJ� ORFDO� DQG� V\VWHPLF� LQÁDPPDWRU\� UHVSRQVHV�PHGLDWHG�
by macrophages and monocytes.13,14 Furthermore, MIF up-regu-

ODWHV� LQÁDPPDWRU\� UHVSRQVHV�E\� LQGXFLQJ� WKH�H[SUHVVLRQ�RI�RWKHU�
SURLQÁDPPDWRU\�PHGLDWRUV��VXFK�DV�71)� , nitric oxide, and pros-

WDJODQGLQ�(���DQG�E\�HQKDQFLQJ�FKHPRWD[LV�DQG�PDFURSKDJH�LQÀO-
tration.14-17

In vitiligo, macrophages are involved in clearing melano-

F\WHV�� 0DFURSKDJH� LQÀOWUDWLRQ� KDV� EHHQ� GHPRQVWUDWHG� LQ� YLWLOLJR�
lesions and increased macrophage numbers are also observed in 

perilesional skin.18,19 MIF can inhibit the random migration of mac-

URSKDJHV��FRQFHQWUDWH�PDFURSKDJHV�DW�LQÁDPPDWLRQ�ORFL�DQG�H[HUW�
a variety of biological functions such as macrophage activation, en-

hancement of adherence, phagocytosis, and tumoricidal activity. In 

turn, macrophages are an important source of MIF. Thus, to some 

extent, it is possible that the MIF and macrophage loop may contrib-

ute to the pathogenesis of vitiligo.10

In addition, MIF is associated with the generation of 

cell-mediated immune responses. Accordingly, MIF has been shown 

to induce up-regulation of many cytokines, including IL-1 , IL-8, 

IFN- , TNF-  and IL-6.20 TNF- �DQG�,/���DUH�WZR�LQÁDPPDWRU\�F\-

tokines with an inhibitory effect on pigmentation. The expressions 

of TNF-  and IL-6 mRNA levels were increased in the epidermis 

from vitiligo biopsies.21 Moreover, IL-6 has been shown to play an 

important role in melanocytic cytotoxicity, and increased serum IL-6 

levels were also detected in vitiligo vulgaris patients.22 Therefore, 

as a pivotal immunomodulator in the cytokine network, MIF may 

LQGXFH�WKH�ORFDO�LQÁDPPDWRU\�DQG�LPPXQRORJLFDO�UHVSRQVHV�RI�GH-

pigmentation associated with vitiligo vulgaris in cooperation with 

other cytokines. 

5HFHQWO\��0,)��D�SURLQÁDPPDWRU\�F\WRNLQH�DQG�FRXQWHU�UHJ-

ulator of glucocorticoids, is a potential therapeutic target. Anti-MIF 

antibodies alleviated disease severity in mouse models of acute 

and chronic enterocolitis and improved, in synergy with glucocor-

ticoids, renal function in a rat model of crescentic glomerulonephri-

tis. The authors concluded that MIF may be a relevant target for 

DQWL�LQÁDPPDWRU\�WKHUDS\�23

CONCLUSION

Based on the above results and discussion, it could be con-

cluded that MIF may have an active role in vitiligo development 

and participate in its pathogenesis, and may act as an index of dis-

ease severity. Moreover, from this piece of work, MIF may be a novel 

candidate that represents, in our opinion, a future therapeutic target 

in the pathogenesis of vitiligo.

Finally, we recommend:

��0RUH�VWXGLHV�RQ�D�ODUJH�VFDOH�RI�YLWLOLJR�SDWLHQWV�WR�FRQÀUP�
our results.

2-Further in-depth researches to investigate the precise 

mechanisms by which MIF contribute to the pathogenesis of vitiligo.

3-Elegant studies for evaluation of the possible use of an-

ti-MIF antibodies as therapeutic agents in vitiligo treatment pro-

gram. 
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