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Abstract OBJECTIVE: The aim of this study is to assess serum levels of thyroid hormones
(TH) and complement C3, C4, CH50 in patients with multiple sclerosis (MS)
and neuromyelitis optica (NMO), and investigate whether there is a correlation
between serum TH and complement factors in these patients.

METHODS: One hundred and eighty-eight MS patients and sixty-five NMO
patients were included in this study. The levels of serum TH were measured by
magnetic antibody enzyme linking immunassay and complement C3, C4 and
CH50 were determined by immunoturbidimetry.

RESULTS: The levels of TT4, complement C4 and CH50 in the serum were signifi-
cantly higher in NMO patients than that in the MS. There were no significant dif-
ferences in serum TT3, FT3, FT4 concentrations between NMO and MS patient.
In MS patients, significant correlations between mean EDSS levels and serum C3
(r=0.223, p=0.014), and serum C4 (r=0.216, p=0.017) were found, and serum TT3
was positively correlated with serum CH50 (r=0.342, p=0.01). In NMO patients,
the positive association between serum FT4 and C4 (r=0.533, p=0.006) were also
found.

CONCLUSIONS: These results indicate that NMO patients has different serum TH
and complement C3, C4 and CH50 levels from MS patients, and that serum TH
levels is correlated with CH50 and C4 in these patients, suggesting TH may play a
different role in modulating the complement activation in MS and NMO.

INTRODUCTION

ing conditions has become increasingly clear such

Multiple sclerosis (MS) is considered to be a
CD4+T-cell mediated disorder based on immune
alterations in the blood and CSF as well as the
pathologic features in the brain (Sospedra and
Martin 2005). Recently, a causal role of comple-
ment in central nervous system (CNS) health and
disease, particularly in the context of demeylinat-

.........................

as MS (Stahel and Barnum 2006; Lucchinetti et al.
2000; Gasque et al. 2002). Immunoglobulin-medi-
ated tissue injury in MS is an attractive possibility
given the capacity of antibodies to be highly selec-
tive in their target recognition. Mechanism may
include antibody-dependent complement medi-
ated cytotoxicity.
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Neuromyelitis optica (NMO) is an inflammatory
/demyelinating central nervous system (CNS) syn-
drome with a predilection for optic nerve and spinal
cord. There is evidence showing that NMO is driven
by humoral immunity mechanisms, including associa-
tions with systemic autoimmune diseases, therapeu-
tic response to plasmapheresis, and immunological
and immunopathological findings (Keegan et al. 2002;
Lucchinetti et al. 2002; Wingerchuk et al. 1999). Immu-
noglobulin and complements are deposited in a charac-
teristic vasculocentric rim and rosette pattern in active
neuromyelitis optica lesions (Lucchinetti et al. 2002).
Eosinophils and neutrophils commonly exist in the
inflammatory infiltrates of active lesions of neuromyeli-
tis optica (Mirsattari et al. 2001). Moreover, the detection
of NMO-IgG, an autoantibody, in the serum of patients
with neuromyelitis optica, distinguishes neuromyeli-
tis optica from other demyelinating disorders (Len-
non et al. 2004). NMO-IgG bind to aquaporin-4, which
is the main channel that regulates water homoeostasis
in the central nervous system (Amiry-Moghaddam and
Ottersen 2003; Lennon et al. 2005). These features are not
seen in classical MS.

The immune system may be divided into innate and
adaptive immune systems, where the humoral immu-
nity (complement) system is an important part of the
innate immune system (Walport et al. 2001). The com-
plement system is activated via classical pathway, alter-
native pathway and the plasma protein mannan-binding
lectin (MBL). MBL can recognize patterns of carbohy-
drates presented on many microorganisms. Therefore,
MBL participates in the pathology of infectious, auto-
immune and cardiovascular diseases (Turner 2003; Han-
sen et al. 2004; Hansen et al. 1998; Collard et al. 2000).

At the present, a number of studies have indicated
the existence of causal links between the endocrine and
the immune system. Some studies reveal that MBL syn-
thesis in human may be increased by TH (Serensen et al.
2006; Riis et al. 2005). In this way, thyroid hormone may
modulate complement activation, and plays a role in the
pathogenesis of some autoimmune diseases.

In MS and NMO patients, peripheral circulating TH
and complements enter into CNS across the destructed
blood-brain barrier and become the important source
of complements in CNS. The aim of this study is to
assess serum levels of thyroid hormones (TH) and
complement C3, C4, CH50 in multiple sclerosis (MS),
neuromyelitis optica (NMO) patients, and investigate
whether there is a correlation between TH and comple-
ment factors in these patients.

METHODS

Patients
Study material consisted of 127 patients with MS and 40
patients with NMO. All the patients were admitted to
the Department of Neurology, the third affiliated hos-
pital of Sun Yat-sen University, between August 2000

and July 2007. MS patients comprised 76 women and
51 men. The mean age was 33.7+13.4 years and mean
EDSS (Kurtzke’s Expanded Disability Status Scale score)
(Kurtzke 1983) levels was 3.6+2.1. All the patients in this
study matched McDonald diagnostic criteria for MS
(Polman et al. 2005). NMO patients met the criteria pro-
posed by Wingerchuck (Wingerchuck et al. 1999). The
group of patients with NMO comprised of 37 women
and 3 men. The mean age was 33.5+15.4 years and
mean EDSS levels was 4.9+2.0. None of the patients had
thyroid autoimmunity or other diseases with hormone
disturbance, and no patients were treated with corti-
costeroids or other immunosuppressives within two
months. All patients experienced their attacks when
were sampled serum and autoimmune thyroid disease
was excluded in all patients by measurement of serum
thyrotrophin receptor antibody (TRAb). All clinical
detections had been approved by the local ethics com-
mittee and all patients had learned about our examina-
tion and agree with it.

Thyroid hormonal and complements analysis in serum
All the patients with MS and NMO were subjected to
physical examinations and their medical history was
taken. Blood for thyroid hormonal analysis was col-
lected in the morning (07:00-08:00h), and the blood
was subjected to centrifugation for 20 minutes (2000
g/min.).

For assessment of thyroid function, total T4 (TT4),
total T3 (TT3), free T4 (FT4) and free T3 (FT3) were
evaluated in serum samples by highly sensitive MAIA
(magnetic antibody enzyme linking immunoassay) fol-
lowing the procedure of the manufacturer’s instruc-
tions. The sensitive limits of the assays were 7.5 nmol/l,
6.435nmol/l, 0.129 pmol/l and 0.462 pmol/l for TT3,
TT4, FT4 and FT3 respectively.

Complement C3, C4 and CH50 concentrations were
measured by immunoturbidimetry following the pro-
cedure of the manufacturer’s instructions. Goat anti-
human C3C and C4C complement antibodies were
from DiaSys (Germany), and goat anti-human DNP
antibody was from Wako (Japan). The sensitive range of
the assays is 0.01-5.00g/L and 0.006-0.90 g/L for C3C
and C4 respectively. The minimum detectable level
of CH50 is estimated to be 10U/mL. All the patients
had the detection of serum C3, C4, CH50, and 61 MS
patients and 25 NMO patients had the examination of
serum thyroxine among the total.

Statistical analysis
Data were compared using Student’s t-fest and Mann—
Whitney’s tests using the SPSS 13.0 statistical package.
Statistical significance was assumed when the probabil-
ity (p) was less than or equal to 0.05. The relationships
between variables were derived using Spearman’s (rho)
correlation coefficients. Correlation analysis was per-
formed with Spearman’s rho analysis. Serum thyroid
hormones and complements in MS and NMO patients
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did not comply with normal distribution, and when
comparing these parameters Mann-Whitney’s U-test
for unpaired comparisons was used. The results cor-
responding to serum complements and thyroid hor-
mones in patients are expressed as mean+SE.

RESULTS

The characteristics of patients are presented in Table.1.
The levels of complement C4 and CH50 in the serum
were significantly higher in NMO patients than that in
MS patients. The levels of serum TT4 were also higher
in NMO patients compared to MS patients. In contrast,
there were no significant differences in serum levels
of TT3, FT3 and FT4 between NMO and MS patients.
(respectively p=0.985, 0.802, 0.625)

NMO patients had much higher EDSS levels (4.9£2.0)
than in MS patients (3.6+2.1). Significant positive cor-
relations were found in MS patients between the mean
EDSS levels and serum C3 (r=0.223, p=0.014) (Fig 1),
and serum C4 (r=0.216, p=0.017) (Fig 2). However,
such correlations were not detected in NMO patients.
In addition, we found that serum levels of TT3 were

Table 1. Serum humoral immunity components and thyroxin levels
in MS and NMO patients

MS NMO
Age 33.7+13.4 33.5+15.4
Male/female 51/76 3/37
EDSS 3.6%2.1 4,9+2.0%*
TT3(nmol/l) 2.0+£0.52 2.0+£0.27
TT4(nmol/l) 104.98+£19.46 119.60+£19.09*
FT3(pmol/l) 4.00+0.73 4.01+0.72
FT4(pmol/l) 13.86%+2.25 14.52+2.27
C3(g/L) 1.21£0.39 1.36+0.56
C4(g/L) 0.25+0.17 0.64+2.40%**
CH50(g/L) 40.40+10.90 46.04+11.43%%**

*p=0.002; p<0.01; ** p=0.000; p<0.001; *** p=0.017; p<0.05;
*6% 520.003; p<0.01,

positively correlated with the levels of CH50 in MS
patients (r=0.342, p=0.01) (Fig 3), and that serum FT4
was positively correlated with serum levels of comple-
ment C4 (r=0.533, p=0.006) in NMO patients (Fig 4).
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DISCUSSION

The complement cascades are activated via three path-
ways: the classical, alternative, or lectin pathways. The
lectin pathway is initiated when mannose-binding lec-
tin (MBL) binds to monosaccharides on the surfaces of
bacteria and parasites. MBL then interacts with MBL
associated serine proteases (MASP)-1, 2 and 3, which in
turn becomes active and forms C3 convertase by cleav-
ing C2 and C4 (Wallis 2002). These pathways converge
at the level of C3 cleavage and proceed to the assem-
bly of the terminal, membrane attack pathway. When
MBL recognizes patterns of carbohydrates, such as that
presented on many microorganisms, activation of the
complement system occurs. This is a beneficial activ-
ity, but many different products during such activation
are potentially harmful for the body itself (Thiel et al.
1997). Experimental data have demonstrated that MBL
is involved in complement-mediated injuries induced
by altered self-tissues after ischaemia and reperfusion
of kidney, heart or intestinal tissue (Hart et al, 2005). The
changes in MBL concentration are mainly caused by
TH levels, rather than autoimmunity (Riis et al. 2005).
The mechanisms whereby TH increases blood concen-
trations of MBL are uncertain. Presumably, increased
levels of TH activate hepatic MBL synthesis via tran-
scriptional regulation of target genes (Yen 2001). In this
way, TH may modulate complement activation, and play
a role in the pathogenesis of thyroid diseases. Previous
studies have shown that the MS patients had higher T4
and lower T3 levels in serum than controls, suggesting
the existence of thyroid dysfunction in MS. However,
few reports pay attention to the serum TH in NMO
patients. So we investigate the serum TH levels and the
correlation with complements in NMO patients.

At first, Glucocorticoid is mostly available treatment
in our clinical practice, such as Prednisolone (Pfzer
Manufacturing Belgium NV). According to the man-
ufacturer’s instructions, the half-life of Prednisolone is
12-36 hours. The activity of Prednisolone is still exist-
ing through its effect on hypothalamic-pituitary-adre-
nal axis suppression (HPA). As previous studies, the
hypothalamic-pituitary-thyroid (HPT) axis plays the
important role in regulation of TH levels (Martin et al.
2006, Goncharova and Lapin 2004, Arancibia et al. 1996).
Up to now, few people report that the ectogenic gluco-
corticoid (GC) directly affects on HPT axis. So we con-
sider ectogenic Prednisolone treatment has few effects
on serum TH after mean two months since withdrawal.
Secondly, the higher serum levels of T4 in NMO show
us the more active TH metabolism. Furthermore, hypo-
thalamic localization of aquaporin-4 and NMO-IgG
bind to aquaporin-4 (Lennon et al. 2004) indicate that
hypothalamus is the predilection site of NMO patients
as previous study (Vernant et al. 1997). Nevertheless, MRI
documented hypothalamic lesions in MS are uncom-
mon and clinical-imaging correlation in this context is
rare (Tsui et al. 2002). Therefore, it is interesting to spec-

ulate whether lesions in NMO that selectively involved
the hypothalamic pathways commonly lead to hypotha-
lamic axis dysregulation including HPT axis and more
active TH metabolism in serum.

Recently, B cells (Archelos et al. 2000) and activated
complement (Storch et al. 1998) are observed in active
multiple sclerosis lesions. Furthermore, immunoglobu-
lin and complements are deposited in a characteristic
vasculocentric rim and rosette pattern in active neuro-
myelitis optica lesions (Lucchinetti et al. 2002). Active
neuromyelitis optica lesions are distinctly different
because their vasculocentric distribution of immune
complexes is related with the normal expression of
aquaporin-4 in the endfeet of astrocytes (Roemer et al.
2007). According to these researches, the association of
complements with the development of MS and NMO
has been confirmed.

In the study, we compared the serum complements
concentrations between MS and NMO. Compared with
MS patients, much higher serum C4 and CH50 con-
centrations in NMO patients reflect increasing activ-
ity of complement pathways in NMO patients than MS
patients, which seem to support that humoral-mediated
autoimmune response play the major role in the patho-
genesis of NMO. And we found increasing serum TT3
was correlated with the increasing serum CH50 con-
centrations in MS patients, serum FT4 was correlated
with the increasing serum C4 concentrations in NMO
patients. The results showed TH play an important role
in humoral immunity underlying the pathogenesis of
MS and NMO patients. Firstly, the remarkable effects of
TH on complements play the important role of comple-
ment activation in inflammatory demyelination. Mor-
gan have demonstrated the activated C5b-9 complex
by myelin and oligodendrocytes plays a pro-inflamma-
tory role in the acute phase of EAE and in the MS when
a breakdown has occurred in the blood-brain barrier
(Morgan et al. 2004). Secondly, T3 and T4 significantly
promoted MBL synthesis in a dose-dependent man-
ner (Serensen et al. 2006; Riis et al. 2005). So T3 and T4
modulated the activation of complements via enhance-
ment of serum MBL and initiation of lectin pathway
underlying the pathogenesis of MS and NMO. Finally,
a comparable effect of T4 on serum MBL was seen at a
concentration 100 times higher than that needed of T3,
which is in concordance with T3 being the most potent
of the two in vivo (Lin et al. 2003). According to these,
much higher serum T4 concentrations in NMO patients
may be in favour of the initiation and modulation of
complements. So far, no study about the detection of
serum MBL levels in MS and NMO patients is reported.
Further study will be needed about the expression of
MBL, serum concentrations of MBL, the relationship
between serum MBL and TH, complements in MS and
NMO patients.

It is well known that EDSS levels are used to assess the
severity and activity of MS and NMO patients (Kurtzke
1983). Because of the important role of humoral immu-
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nity in the pathogenesis of MS and NMO, we attempted
to demonstrate the associations between complements
and diseases activity. Our results conclusively showed
that there were increased serum complements (C3, C4)
in MS patients with much more disease severity. The
significantly positive correlation showed the humoral
pathological changes in MS directly affected on dis-
ease severity. So a number of therapeutic approaches
aimed at removing disease-relevant humoral immune
responses in MS have been done or are continuing to be
evaluated in MS, such as therapeutic plasma exchange
and intravenous (IV) Ig.

In conclusion, our results suggest humoral-medi-
ated autoimmune response plays an important role in
the pathogenesis of NMO and MS, and serum comple-
ments are correlated to disease activity and severity of
MS patients. Serum TH can cause the humoral-change
in MS and NMO patients. But much more work should
be done to find how TH regulates humoral-mediated
autoimmune response in MS and NMO patients.

ACKNOWLEDGEMENTS

This study was supported by Sun Yat-Sen University
Clinical Research 5010 Program.

REFERENCES

1 Amiry-Moghaddam M, Ottersen OP (2003). The molecular basis
of water transport in the brain. Nat Rev Neurosci. 4: 991-1001.

2 Arancibia S, Rage F, Astier H, Tapia-Arancibia L (1996). Neuro-
endocrine and autonomous mechanisms underlying thermoreg-
ulation in cold environment. Neuroendocrinology. 64: 257-267.

3 Archelos JJ, Storch MK, Hartung HP (2000). The role of B cells and
autoantibodies in multiple sclerosis. Ann Neurol. 47: 694-706.

4 Stahel PF, Barnum SR (2006). The role of the complement sys-
tem in CNS inflammatory diseases. Expert Rev Clin Immunol. 2:
445-446.

5 Collard CD, Vakeva A, Morrissey MA, Agah A, Rollins SA, Reen-
stra WR, Buras JA, Meri S, Stahl GL (2000). Complement activa-
tion after oxidative stress: role of the lectin complement path-
way. American Journal of Pathology. 156: 1549-1556.

6 Gasque P, Neal JW, Singhrao SK, McGreal EP, Dean YD, Van BJ,
Morgan BP (2002). Roles of the complement system in human
neurodegenerative disorders: pro-inflammatory and tissue re-
modeling activities. Mol Neurobiol. 25: 1-17.

7 Goncharova ND, Lapin BA (2004). Age-related endocrine dys-
function in nonhuman primates. Ann N Y Acad Sci. 1019: 321-
325.

8 Hansen TK, Tarnow L, Thiel S, Steffensen R, Stehouwer CD,
Schalkwijk CG, Parving HH, Flyvbjerg A (2004). Association be-
tween mannose-binding lectin and vascular complications in
type 1 diabetes. Diabetes. 53: 1570-1576.

9 Hart ML, Ceonzo KA, Shaffer LA, Takahashi K, Rother RP, Reenstra
WR, Buras JA, Stahl GL (2005). Gastrointestinal is chemiareperfu-
sion injury is lectin complement pathway dependent without in-
volving C1q. J Immunol. 174: 6373-6380.

10 Keegan M, Pineda AA, McClelland RL, Darby CH, Rodriguez M,
Weinshenker BG (2002). Plasma exchange for severe attacks of CNS
demyelination: predictors of response. Neurology. 58:143-146.

11 Kurtzke JF (1983). Rating neurologic impairment in multiple
sclerosis:An expanded disability status scale (EDSS). Neurology.
33: 1444-1452.

12 Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR (2005).
IgG marker of optic-spinal multiple sclerosis binds to the aqua-
porin-4 water channel. J Exp Med. 202: 473-477.

13 Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF,

Fujihara K, Nakashima I, Weinshenker BG (2004). A serum auto-
antibody marker of neuromyelitis optica: distinction from mul-
tiple sclerosis. Lancet. 364:2106-2112.

14 Lin KH, Lee HY, Shih CH Yen CC, Chen SL, Yang RC, Wang CS
(2003). Plasma protein regulation by thyroid hormone. J Endo-
crinol. 179: 367-377.

15 Lucchinetti C, Bruck W, Parisi J, Scheithauer B, Rodriguez M, Lass-
mann H (2000). Heterogeneity of multiple sclerosis lesions: im-
plications for the pathogenesis of demyelination. Ann. Neurol.
47:707-717.

16 Lucchinetti CF, Mandler RN, McGavern D, Bruck W, Gleich G,
Ransohoff RM, Trebst C, Weinshenker B, Wingerchuk D, Parisi JE,
Lassmann H (2002). A role for humoral mechanismsin the patho-
genesis of Devic's neuromyelitis optica. Brain. 125:1450-1461.

17 Madsen HO, Videm V, Svejgaard A, Svennevig JL, Garred P (1998).
Association of mannose-binding-lectin deficiency with severe
atherosclerosis. Lancet. 352: 959-960.

18 Martin NM, Smith KL, Bloom SR, Small CJ (2006). Interactions be-
tween the melanocortin system and the hypothalamo-pituitary-
thyroid axis. Peptides. 27:333-339.

19 Mirsattari SM, Johnston JB, McKenna R, Del Bigio MR, Orr P, Ross
RT, Power C (2001). Aboriginals with multiple sclerosis: HLA
types and predominance of neuromyelitisoptica. Neurology. 56:
317-323.

20 Morgan BP, Griffiths M, Khanom H, Taylor SM, Neal JW (2004).
Blockade of the C5a receptor fails to protect against experimen-
tal autoimmune encephalomyelitis in rats. Clin Exp Immunol.
138:430-438.

21 Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos
L, Lublin FD, Metz LM, McFarland HF, O'Connor PW, Sandberg-
Wollheim M, Thompson AJ, Weinshenker BG, Wolinsky JS (2005).
Diagnostic criteria for multiple sclerosis: 2005 revisions to the
“McDonald Criteria”. Ann Neurol. 58: 840-846.

22 Riis AL, Hansen TK, Thiel S, Gravholt CH, Gjedde S, Gormsen LC,
Jorgensen JO, Weeke J, Mgller N (2005). Thyroid hormone in-
creases mannan-binding lectin levels. Eur J Endocrinol. 153:
643-649.

23 Roemer SF, Parisi JE, Lennon VA, Benarroch EE, Lassmann H,
Bruck W, Mandler RN, Weinshenker BG, Pittock SJ, Wingerchuk
DM, Lucchinetti CF (2007). Pattern specific loss of aquaporin-4
immunoreactivity distinguishes neuromyelitis optica from mul-
tiple sclerosis. Brain. 130: 1194-1205.

24 Sgrensen CM, Hansen TK, Steffensen R, Jensenius JC, Thiel S
(2006). Hormonal regulation of mannan-binding lectin synthesi-
sin hepatocytes. Clin Exp Immunol. 145: 173-182

25 Sospedra M, Martin R (2005). Immunology of multiple sclerosis.
Annu Rev Immunol. 23: 683-747.

26 Storch MK, Piddlesden S, Haltia M, livanainen M, Morgan P, Lass-
mann H (1998). Multiple sclerosis: in situ evidence for antibody-
and complementmediated demyelination. Ann Neurol. 43: 465-
471.

27 Thiel S, Vorup-Jensen T, Stover CM, Schwaeble W, Laursen SB,
Poulsen K, Willis AC, Eggleton P, Hansen S, Holmskov U, Reid KB,
Jensenius JC (1997). A second serine protease associated with
mannan-binding lectin that activates complement. Nature. 386:
506-510.

28 Tsui EY, Yip SF, Ng SH, Cheung YK (2002). Reversible MRI changes
of hypothalamus in a multiple sclerosis patient with homeostatic
disturbances. Eur Radiol. 2: 28-31.

29 Turner MW (2003). The role of mannose-binding lectin in health
and disease. Mol Immunol. 40: 423-429.

30 Vernant J-C, Cabre P, Smadja D, Merle H, Caubarre’re, Mikol J,
Poser CM (1997). Recurrent optic neuromyelitis with endocri-
nopathies: a new syndrome. Neurology. 48: 58-64.

31 Wallis R (2002). Structural and functional aspects of complement
activation by mannose-binding protein. Immunobiology. 205:
433-45.

32 Walport MJ (2001). Complement. First of two parts. N Engl J Med.
344:1058-1066.

33 Wingerchuk DM, Hogancamp WF, O'Brien PC, Weinshenker BG
(1999). The clinical course of neuromyelitis optica (Devic's syn-
drome). Neurology. 53:1107-14.

34 Yen PM (2001). Physiological and molecular basis of thyroid hor-
mone action. Physiol Rev. 81: 1097-1142.

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



