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Matrix metalloproteinases (MMPs) have a crucial function in migration of inflammatory cells 
into the central nervous system (CNS). Levels of MMP-9 are elevated in multiple  
sclerosis (MS) and predict the occurrence of new active lesions on magnetic resonance 
imaging (MRI). This translational study aims to determine whether in vivo treatment with the 
pregnancy hormone estriol affects MMP-9 levels from immune cells in patients with MS and 
mice with experimental autoimmune encephalomyelitis (EAE). Peripheral blood mononuclear 
cells (PBMCs) collected from three female MS patients treated with estriol and splenocytes 
from EAE mice treated with estriol, estrogen receptor (ER) alpha ligand, ERbeta ligand or 
vehicle were stimulated ex vivo and analyzed for levels of MMP-9. Markers of CNS  
infiltration were assessed using MRI in patients and immunohistochemistry in mice.  
Supernatants from PBMCs obtained during estriol treatment in female MS patients showed 
significantly decreased MMP-9 compared with pretreatment. Decreases in MMP-9  
coincided with a decrease in enhancing lesion volume on MRI. Estriol treatment of mice with 
EAE reduced MMP-9 in supernatants from autoantigen-stimulated splenocytes, coinciding 
with decreased CNS infiltration by T cells and monocytes. Experiments with selective ER 
ligands showed that this effect was mediated through ERalpha. In conclusion, estriol acting 
through ERalpha to reduce MMP-9 from immune cells is one mechanism potentially  
underlying the estriol-mediated reduction in enhancing lesions in MS and inflammatory l 
esions in EAE. 

2. Estrogen receptor alpha mediates estrogen’s immune protection in autoimmune  
disease.  Liu HB, et al. J Immunol. 2003; 171: 6936-40.  
 
Estrogens are known to influence a variety of autoimmune diseases, but it is not known whether their 
actions are mediated through classic estrogen receptor alpha (ERalpha). The presence of a  
functional ER was demonstrated in secondary lymphoid tissues, then ERalpha expression was 
shown at both the RNA and protein levels in these tissues. Use of ERalpha knockout mice revealed 
that both the estrogen-induced disease protection and the estrogen-induced reduction in  
proinflammatory cytokines were dependent upon ERalpha in the prototypic Th1-mediated  
autoimmune disease experimental autoimmune encephalomyelitis. These findings are central to the 
design of selective ER modifiers which aim to target biologic responses in specific organ systems. 
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3. Multiple sclerosis: neuroprotective alliance of estrogen-progesterone and gender. Kipp 
M, et al.  Front Neuroendocrinol.  2012; 33: 1-16.  
 
The potential of 17β-estradiol and progesterone as neuroprotective factors is well-recog-
nized. Persuasive data comes from in vitro and animal models reflecting a wide range of 
CNS disorders. These studies have endeavored to translate findings into human therapies. 
Nonetheless, few human studies show promising results. Evidence for neuroprotection was 
obtained in multiple sclerosis (MS) patients. This chronic inflammatory and  
demyelinating disease shows a female-to-male gender prevalence and disturbances in sex 
steroid production. In MS-related animal models, steroids ameliorate symptoms and protect 
from demyelination and neuronal damage. Both hormones operate in dampening central 
and brain-intrinsic immune responses and regulating local growth factor supply,  
oligodendrocyte and astrocyte function. This complex modulation of cell physiology and 
system stabilization requires the gamut of steroid-dependent signaling pathways. The  
identification of molecular and cellular targets of sex steroids and the understanding of  
cell-cell interactions in the pathogenesis will offer promise of novel therapy strategies. 

4. Neuroprotective and anti-inflammatory effects of estrogen receptor ligand treatment 
in mice.  Tiwari-Woodruff S, Voskuhl RR.  J Neurol Sci.  2009; 286: 81-5. 
 
Demyelination and neurodegeneration is a major contributor in the progression of disability 
in multiple sclerosis (MS). Thus, the development of therapies that are neuroprotective has 
elicited considerable interests. Estrogens and estrogen receptor (ER) ligand treatments are 
promising treatments to prevent MS-induced neurodegeneration and a multicenter phase II 
clinical trial of estriol as a beneficial therapy in MS is underway. Here, we discuss  
studies performed in our laboratory that examined the effects of ER ligands in the  
inflammatory/demyelinating disorder experimental autoimmune encephalomyelitis (EAE), a 
model of MS. Administration of estriol or 17 beta-estradiol reduced clinical severity and this 
clinical disease improvement was associated with favorable changes in cytokine production. 
There was a significant decrease of neuronal pathology in gray matter along with myelin and 
axon preservation in white matter of spinal cords of mice with EAE. In subsequent  
experiments, we contrasted the results of ERalpha versus ERbeta ligand treatment. While 
ERalpha ligand treatment was anti-inflammatory, ERbeta ligand treatment was not. ERbeta 
ligand treatment nevertheless reduced demyelination and preserved axon numbers in white 
matter and prevented neuronal abnormalities in gray matter. Clinically, ERalpha ligand  
treatment abrogated the disease at the onset, while ERbeta ligand treatment had no effect 
at disease onset, but promoted recovery. Thus, unlike ERalpha ligand treatment, ERbeta 
ligand treatment was protective at the level of the target organ, independent of anti-inflam-
matory effects in the peripheral immune system. ERbeta ligand treatment should be  
considered as a potential neuroprotective agent for MS and other neurodegenerative  
diseases, particularly since breast and uterine cancer are mediated through ERalpha. 
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Multiple sclerosis (MS) is a disease characterized by inflammation and demyelination.  
Currently, the cause of MS is unknown. Experimental autoimmune encephalomyelitis (EAE) 
is the most common mouse model of MS. Treatments with the sex hormones, estrogens 
and androgens, are capable of offering disease protection during EAE and are currently  



being used in clinical trials of MS.  
Beyond endogenous estrogens and androgens, treatments with selective estrogen receptor  
modulators (SERMs) for estrogen receptor alpha (ERa) and estrogen receptor beta (ERb) are 
also capable of providing disease protection. This protection includes, but is not limited to, 
prevention of clinical disease, reduction of CNS inflammation, protection against  
demyelination, and protection against axonal loss. In EAE, current efforts are focused on 
using conditional cell specific knockouts of sex hormone receptors to identify the in vivo 
targets of these estrogens and androgens as well as downstream molecules responsible for 
disease protection. 
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Multiple sclerosis patients who become pregnant experience a significant decrease in  
relapses that may be mediated by a shift in immune responses from T helper 1 to T helper 
2. Animal models of multiple sclerosis have shown that the pregnancy hormone, estriol, can 
ameliorate disease and can cause an immune shift. We treated nonpregnant female multiple 
sclerosis patients with the pregnancy hormone estriol in an attempt to recapitulate the  
beneficial effect of pregnancy. As compared with pretreatment baseline, relapsing remitting 
patients treated with oral estriol (8 mg/day) demonstrated significant decreases in delayed 
type hypersensitivity responses to tetanus, interferon-gamma levels in peripheral blood 
mononuclear cells, and gadolinium enhancing lesion numbers and volumes on monthly  
cerebral magnetic resonance images. When estriol treatment was stopped, enhancing  
lesions increased to pretreatment levels. When estriol treatment was reinstituted,  
enhancing lesions again were significantly decreased. Based on these results, a larger, 
placebo-controlled trial of estriol is warranted in women with relapsing remitting multiple 
sclerosis. This novel treatment strategy of using pregnancy doses of estriol in multiple  
sclerosis has relevance to other autoimmune diseases that also improve during pregnancy.


