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Glial TLR4 receptor as new target to treat neuropathic pain: 
efficacy of a new receptor antagonist in a model of peripheral
nerve injury in mice.
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Expression of miR-381 in CCI rats. (A) MiR-381 expression in the L4-L6 dorsal spinal cord of rats. qRT-PCR was 
employed at postoperative days 0, 3, 7 and 14. U6 was used as an internal control. (B) Expression of miR-381 in 
CCI rat models infected with LV-miR-381 or LV-NC at postoperative day 7 with U6 as an internal control. (C) The 
effect of miR-381 on mechanical allodynia was assessed by PWT at postoperative days 0, 3, 7 and 14. (D) The 
effect of miR-381 on thermal hyperalgesia was evaluated by PWL at postoperative days 0, 3, 7 and 14. N = 6 for 
each group. Three independent experiments were performed. Error bars stand for the mean ± SD of at least 
triplicate experiments. *P < 0.05.



MiR-381 suppressed 
neuroinflammation in CCI rats. 
The protein levels of IL-6 (A), IL-
10 (B) and TNF-α(C) in the L4-L6 
dorsal spinal cord of rats were 
measured by ELISA at 
postoperative day 7. 

Overexpression of miR-381 
suppressed HMGB1 and CXCR4 
expression in vivo. (A) mRNA
expression of HMGB1 in rat CCI 
models. (B) mRNA levels of HMGB1 
in rat CCI models. CCI rats were
infected with LV-miR-381 or LV-NC. 
qRT-PCR was performed at
postoperative day 7. (C) Protein
levels of HMGB1 in rat CCI models. 
Western blot was carried out at
postoperative day 7. (D) mRNA
expression of CXCR4 in rat CCI 
models. (E) mRNA levels of CXCR4 in 
rat CCI models. (F) Protein levels of 
CXCR4 in rat CCI models. N = 6 for 
each group. 



Silence of HMGB1 and CXCR4 repressed neuropathic pain development in vivo. (A) The effect 
of HMGB1 on mechanical allodynia was assessed by PWT at postoperative days 0, 3, 7 and 
14. (B) The effect of HMGB1 on thermal hyperalgesia was evaluated by PWL at postoperative 
days 0, 3, 7 and 14. (C) The effect of CXCR4 on mechanical allodynia was assessed by PWT at 
postoperative days 0, 3, 7 and 14. (D) The effect of CXCR4 on thermal hyperalgesia was 
evaluated by PWL. N = 6 for each group at postoperative days 0, 3, 7 and 14.





MIF 
(Macrophage Migration Inhibitory Factor)

Macrophage MIF



Macrophage Migration Inhibitory Factor (MIF) is a potent,

proinflammatory cytokine that has been shown to stimulate an

immune response in the presence of steroids and other

immune suppressants. MIF has also been shown to play a role

in the cytokine cascades involved in certain inflammatory

diseases and to inhibit the activity of p53, an important tumor

suppressor. Numerous animal studies have demonstrated that

MIF-neutralizing antibodies can provide beneficial effects in

arthritis, septic shock, cancer, glomerulonephritis and colitis.

Blocking the production or bioactivity of MIF, therefore, may be

useful in the treatment of a wide spectrum of diseases.





Thierry Calandra and Thierry Roger.

Nature Review Immunology (2003) 

MACROPHAGE MIGRATION 

INHIBITORY FACTOR: A 

REGULATOR OF INNATE IMMUNITY



E. F. MORAND. Internal Medicine Journal 2005. New therapeutic target in inflammatory disease: macrophage migration 

inhibitory factor



Action of MIF in inflammation

E. F. MORAND. Internal Medicine Journal 2005. New therapeutic target in inflammatory disease: macrophage migration 

inhibitory factor





Model Effect Reference
Peripheral nerve injury-induced hypersensitivity MIF suppressed  the descending dopaminergic system Wang et al., 2018
T13/L1 dorsal root avulsion The MIFinhibitor ibudilast  reversed below-level allodynia bilaterally Ellis et al., 2014

Spared nerve injury Mif−/− mice do not develop mechanical hypersensitivity after nerve injury
Alexander et al., 
2012

Systemic injection of a MIF inhibitor after nerve injury reduces 
hypersensitivity

Sciatic chronic constriction nerve injury Intrathecal MIF tautomerase inhibitor reversed pain behaviors Wang et al., 2011

Bladder pain
Spinal treatment with MIF monoclonal antibody temporarily reversed 
bladder pain Ma et al., 2019



MIF active site: 
hydrophobic cavity 
with an  amino 
terminal proline

Ray X Cristallography:
Omotrymer



Macrophage migration Inhibitory Factor (MIF)

MIF has at least two distinct catalytic activities:

- tautomerase

- oxidoreductase

H. Lue et al ; Microbes and Infection 2002
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Dopachrome methyl ester Indolo derivato

Peter D. Senter et al ; PNAS  2002



Synthesis of ISO-1 and derivatives

Effects of ISO-1 in preclinical models of immunoinflammation
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Day   -3       -2        -1        0        1       2       3         4       5      

STZ   STZ  STZ   STZ  STZ

To induce diabetes, mice are injected i.p.
for 5 consecutive days with 40 mg STZ/Kg
body weight. STZ is dissolved in 0.1 mol/l
sodium citrate buffer (pH 4.0) at a
concentration of 0.4% and injected
within 5 min. after preparation.

Diabetes induced in mice by multiple low doses 
of streptozotocin



Effects of MIF targeting on the

development of hyperglycemia and

insulitis induced by STZ. Blood glucose

levels were determined in C57BL/6 mice (A;

n 24/group) or in CBA/H mice (B; n 5–

10/group). Animals received MLD-STZ

injections (five injections, 40 mg/kgd; A) or a

single high dose of STZ (200 mg/kg; C) and

were treated with vehicle (STZ), nonimmune

rabbit IgG (STZIgG), anti-MIF IgG (STZ-MIF

on days –3, -1, 2 and +5), or ISO-1 (1 mg

mouse) given as an early (3 d before the first

injection with STZ) or a late (24 h after the

last STZ injection) prophylactic treatment for

14 consecutive days. Control, Mice without

STZ. Blood glucose levels were determined

through weekly measurements (A) or 12 d

after receiving STZ (C). Histopathological

analyses of pancreata from C57BL/6 mice

(D) and CBA/H mice (E) are presented as

insulitis scores. *, P 0.05 refers to

corresponding STZ or STZ-IgG animals.



Neutralization of MIF activity reduces the

production of

TNF-a.

SMNC(A),PC(B), and pancreatic islets (C) were

isolated from the same groups of mice as described

previously on d 15 after DM induction. TNF production

was measured in the 48-h culture supernatants.

Results are presented as the mean +/- SD of three

independent experiments with similar results.

*P<0.05 refers to corresponding STZ-IgG or STZ

animals.





Nicoletti et al., 2005





Conclusioni

• Studi condotti nell’ultimo decennio sottolineano il ruolo patogenetico
importante svolto dai recettori Toll-like del sistema dell’immunità innata
nella patogenesi del dolore neuropatico.

• I recettori Toll-like 2, 4, e 5 sembrano quelli maggiormente coinvolti
nell’amplificazione della nocicezione, e il loro blocco con inibitori specifici
o tramite delezione genica, migliora la risposta allodinica indotta con
stimolo meccanico.

• Il CXCR4 è un altro recettore espresso dalle cellule del Sistema Immune,
che sembra agire in sinergia con i recettori Toll-like nella patogenesi del
dolore neuropatico.

• Un noto agonista endogeno del CXCR4 è la citochina proinfiammatoria
MIF. Il blocco del MIF con inibitori specifici, come la small molecule ISO-1,
migliora la risposta allodinica meccanica in modelli sperimentali.

• Antagonisti specifici del MIF o del CXCR4 o dual o triple inhibitors dei
recettori Toll-like meritano ulteriori studi per l’utilizzo come farmaci
«pathogenetic-tailored» per il trattamento del dolore neuropatico.



«Due cose contribuiscono ad avanzare: andare più rapidamente degli altri o 
andare per la buona strada»

Cartesio
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