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Abstract

Background The association between tumor necrosis factor (TNF)-a, soluble TNF receptor (sSTNFR)1 and sTNFR2 with
clinical characteristics of multiple sclerosis (MS) remains unclear.

Objective To examine whether TNF-a, sSTNFR1 and sTNFR2 are associated with MS diagnosis, disability, disability pro-
gression and clinical forms of MS.

Materials and subjects The study included 147 patients with relapsing—remitting MS (RRMS), 21 with progressive clinical
forms (ProgMS) and 70 controls. Expanded Disability Status Scale (EDSS) evaluated disability as mild (EDSS <3.0) or
moderate/high (EDSS > 3.0). Multiple Sclerosis Severity Score (MSSS) evaluated disability progression as no progression
(MSSS < 5) and progression (MSSS >5). Baseline data of subjects and plasma levels of TNF-a, sSTNFR1, sSTNFR2 were
obtained.

Results The MS diagnosis explained 44.6% and 12.3% of TNF-a and sSTNFR2 levels, respectively. Moderate/high disability
and disability progression were best predicted by sTNFR1 and age (positively) and ProgMS were best predicted by sTNFR1
(positively) and STNFR2 (negatively), coupled with age and sex. A composite score reflecting the STNFR1/sTNFR2 ratio
showed a positive association with ProgMS after adjusting for age and sex.

Conclusion Increased STNFR1 and age were positively associated with disability and disability progression, whereas
increased sSTNFR1 (positively) and sTNFR2 (negatively) were associated with ProgMS, suggesting a distinct role of them
in the immunopathological mechanisms of MS.
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Introduction
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Multiple sclerosis (MS) is a chronic inflammatory demyeli-
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a complex interrelation between genetic, epigenetic, hormo-
nal, immunological, and environmental factors. Accumulat-
ing evidence suggests that the autoimmune inflammation
in early MS is primarily mediated by an adaptive immune
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Different mechanisms may explain the heterogeneity of
MS regarding the clinical symptoms, clinical forms, dis-
ability, disability progression and therapeutic response pre-
sented by the affected patients. Cytokines and their receptors
are among the possible mediators of this heterogeneity [1].
TNF-a is essential in triggering healing mechanisms, but
can initiate both cell death or survival pathways depend-
ing on the pathophysiological conditions. This cytokine is
initially synthesized as a transmembrane TNF-a (tmTNF-ot)
that is cleaved by the TNF-a-converting enzyme (TACE) to
release soluble TNF-a (solTNF-a) [2]. The cellular func-
tions of TNF-a are mediated by TNF receptor (TNFR)1 and
TNFR2, which differ in expression, ligand affinity, structure,
and downstream signaling pathways. As a result, sol TNF-a
signals only through TNFR1-mediating primarily inflam-
mation and apoptosis [3], while tmTNF-a signals through
both TNFR1 and TNFR2, promoting cell survival, reso-
lution of inflammation, immunity and myelination [4, 5].
Unlike TNFR1 that has a ubiquitous expression, TNFR2 is
expressed by some immune cells, preferentially by a fraction
of T regulatory cells (Treg), some endothelial cells, and cells
of the nervous tissue [6].

In MS, TNF-a may exert a dual role through the link with
its receptors TNFR1 and TNFR2. While the proinflamma-
tory and neurodegenerative effects of TNF-a are mediated
by solTNF-a, and therefore, TNFR1, tmTNF-« signaling
that predominantly occurs via TNFR2 is mainly neuropro-
tective and favors tissue homeostasis and regeneration [7].
Though TNFR2, TNF-a promotes remyelination and oligo-
dendrocyte precursor cells (OPCs) proliferation after cupri-
zone-induced demyelination [7].

The membrane-bound forms of both receptors are also
substrate for proteolytic cleavage by TACE, producing solu-
ble TNF-a receptor (sTNFR). This process is an important
self-regulatory mechanism to prevent exaggerated dam-
age and may contribute to the regulation of cellular TNF-a
responsiveness. Increased release of ectodomain has two
consequences: on one hand, receptor cleavage can counter-
act the circulating TNF-a bioactivity, thereby sequestering
it, so that STNFR will act as an intrinsic TNF-a inhibitor; on
the other hand, the process will decrease the number of cell-
surface signaling competent receptors and cause transient
TNF-a desensitization [8].

TNF-a, sSTNFR1 and sTNFR2 have been investigated in
MS [5, 9-14]. High levels of TNF-a were found in blood
samples of MS patients as compared with controls [5, 10]
and in cerebrospinal fluid (CSF) of the patients with chronic
progressive clinical forms of MS (ProgMS), suggesting that
TNF-a could be associated with the diagnosis of MS as well
as the progression of the disease over time [11, 12]. Pre-
viously, we demonstrated that patients with ProgMS with
disease progression presented higher levels of TNF-a than
those with ProgMS but without disease progression [13].
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However, conflicting results have been reported regard-
ing the levels of STNFR1 and sTNFR2 in patients with
MS with different clinical forms of the disease. A previous
study reported that levels of STNFR1 in both serum and
CSF were higher in patients with relapsing—remitting MS
(RRMS) and correlated with disease status [14], whereas in
another study, sSTNFR1 levels were similar in healthy sub-
jects and MS patients [15]. Moreover, a selective increase
of sSTNFR2 levels were observed in patients with primary
progressive MS (PPMS) compared with patients with other
clinical forms of MS and healthy controls. However, these
authors observed a lack of association between radiological
variables, measuring inflammation and atrophy, and serum
levels of STNFR2 among the PPMS patients, probably indi-
cating that the STNFR2 levels may not reflect the whole
extent of CNS damage [16].

TNF-a-targeting immunobiologicals are extremely suc-
cessful in treating a number of immune-mediated diseases;
however, clinical trials using anti-TNF-a monoclonal anti-
bodies as therapy in MS patients resulted in disease exac-
erbation [17, 18]. It is hypothesized that these paradoxical
effects of anti-TNF-a are due to inhibition of TNFR2 signal-
ing [19].

Considering that the association between TNF-a and
sTNFR1 and sTNFR2 with clinical characteristics of MS
patients remains unclear, the aim of this study was to verify
whether TNF-a and its soluble receptors are associated with
MS diagnosis, disability, disability progression and clinical
forms of MS.

Methods
Subject characteristics

The study included 168 patients with MS enrolled from
the Neurology Outpatient of the University Hospital, Lon-
drina, Parana, Brazil. The diagnosis of MS was defined
according to the McDonald criteria [20]. RRMS was diag-
nosed in 147 (87.5%) patients and ProgMS in 21 (12.5%),
including 4 (2.4%) with primary progressive MS (PPMS)
and 17 (10.1%) with secondary progressive MS (SPMS).
At the baseline visit, the disability was evaluated using
the Expanded Disability Status Scale (EDSS) [21] and
the patients were divided into those with mild disability
(EDSS < 3.0) or moderate/high disability (EDSS >3.0) [12].
The disability progression was evaluated using the Multi-
ple Sclerosis Severity Score (MSSS) [22] and score >5.0
denoted higher than average speed of disability accumula-
tion [23]. As controls, 70 healthy individuals were selected
among blood donors of the Regional Blood Bank of Lond-
rina, from the same geographic region of the patients. None
of the participants presented clinical symptoms or laboratory
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markers of heart, thyroid, kidney, hepatic, gastrointestinal,
or oncologic diseases.

Demographic, epidemiological and anthropometric data
(patients and controls), as well as clinical history and the
use of therapy for MS before the inclusion at this study (for
patients) were obtained using a standard questionnaire at the
admission of the individuals, as previously described [10].
Briefly, body mass index (BMI) was calculated as weight
(kg) divided by height (m) squared and the ethnicity was
self-reported as Caucasian and non-Caucasian. Smoking
was considered when the individuals were current smokers.
Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured and the mean of two measurements
was used in the analysis [10]. Use of antihypertensive medi-
cation was an indication of systemic arterial hypertension
(SAH) [24]. Diabetes mellius type 2 (DM) was defined as a
fasting serum glucose > 126 mg/dL, a non-fasting serum glu-
cose > 200 mg/dL and/or use of hypoglycemic medication
[25]. Dyslipidemia and metabolic syndrome (MetS) were
defined as previously reported [26].

The protocol was approved by the Institutional Research
Ethics Committees of University of Londrina, Parana, Brazil
(CAAE: 22290913.9.0000.5231) and all of invited individu-
als were informed in detail about the research and gave writ-
ten informed consent. The patients and their blood samples
were consecutively identified by number to guarantee the
confidentiality.

Laboratory biomarkers

At admission, venous blood samples were drawn under
fasting state, with and without anticoagulant. Plasma and
serum were obtained through centrifugation (2500 rpm for
15 min) and aliquots were stored at —80 °C until analysis.
A panel of TNF-a, sSTNFR1 and sTNFR2 was determined
using customized immunofluorimetric assay (Novex Life
Technologies, Frederick, USA) for the Luminex® Platform
in MAGPIX instrument.

Statistical analysis

Analyses of contingency tables (5 test) checked the associa-
tions between categorical variables and diagnostic groups.
The Kolmogorov—Smirnov test assessed normality of dis-
tribution. Logarithmic (Ln) transformation of continuous
data was used in the analysis when the variables were not
normally distributed or when there was heterogeneity of
variance as assessed with the Levene test. We assessed the
differences in continuous variables between groups using
analyses of variance (ANOVA). Categorical variables
were expressed as absolute number () and percentage (%)
and continuous variables were expressed as mean + error
standard of main (SEM). The correlations between TNF-a,

sTNFR1 and sTNFR2 were assessed using Spearman cor-
relation coefficients. Multivariate general linear model
(GLM) analysis assessed the effects of explanatory varia-
bles (including diagnosis) on dependent variables (TNF-a,
sTNFR1, and sTNFR2) while controlling for sex, age, eth-
nicity, and BMI. Tests for between-subject effects assessed
the univariate effects of significant predictor variables on the
dependent variables. Box’s M statistic was used to test for
homogeneity of covariance matrices.

The association between TNF-o, STNFR1 and sSTNFR2
and MS were evaluated using automatic stepwise binary
logistic regression analysis controlled for covariates that may
confound the association of interest. Four different models
of automatic stepwise binary logistic regressions analysis
were employed to delineate TNF-a, sSTNFR1 and sTNFR2
and the most significant variables that were associated with
disability (EDSS <3 versus > 3), disability progression
(MSSS <5 versus MSSS >5) and clinical forms (RRMS
versus ProgMS). The values of sSTNFR1 and sTNFR2 were
also transformed as z score and a composite score reflect-
ing the sSTNFR1/sTNFR2 ratio (namely z Ln sTNFR1-z Ln
sTNFR2) was computed. The analysis also included the
odds ratio (OR) and 95% confidence interval (CI) evaluated
using the z scores. All statistical analyses were performed
using IBM SPSS windows version 25. Tests were two-tailed
and an alpha level of 0.05 indicated statistically significant
results.

Results
Characteristics of the subjects

The mean age at MS diagnosis and disease duration were
34.6 years (+0.85) and 7.8 years (+0.54), respectively; 87
(55.1%) patients presented moderate/high disability and 71
(44.9%) patients presented mild disability. When the disabil-
ity progression was evaluated, 79 (54.9%) patients showed
progression and 65 (45.1%) showed no progression. Accord-
ing to the MS therapy, 14 (8.4%) patients were without treat-
ment, 96 (57.5%) were treated with interferon 3, 46 (27.5%)
were treated with glatiramer acetate, 10 (6.0%) were using
natalizumab and 1 (0.6%) was using fingolimod (data not
shown).

Table 1 shows the baseline data of the MS patients and
controls. We did not use p corrections to interpret the mul-
tiple results of univariate tests presented in Table 1 as these
results were used to delineate the most significant predictor
variables to be used as independent explanatory variables
in the binary logistic regression analyses. Compared to con-
trols, MS patients did not differ in the variables, age, sex,
ethnicity, BMI, smoking, SAH, the presence of MetS and
the levels of sSTNFR1, but showed higher levels of TNF-a,
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Table 1 Socio-demographic,
clinical and inflammatory
biomarker data in patients with
multiple sclerosis and controls

Characteristics Controls (n=70) MS (n=168) FIX? df P value
Age (years) 45.16 (0.97) 42.02 (1.06) 3.17 1/236 0.076
Sex

Male/female 17 (24.3)/53 (75.7) 49 (29.2)/119 (70.8) 0.587 1 0.443
Ethnicity

C/NC 54 (77.1)/16 (22.9) 132 (78.6)/36 (21.4) 0.059 1 0.808
BMI (kg/m?) 26.25 (0.50) 25.53 (0.39) 1.063  1/235 0.304
Smoking (Y/N) 7/63 19/147 0.11 1 0.746
Diabetes mellitus (Y/N) 13/44 10/158 13.17 1 <0.001
SAH (Y) 13/44 33/135 0.26 1 0.609
MetS (Y) 17 (24.3) 43 (25.9) 0.068 1 0.794
TNF-a (pg/mL)?* 1.20 (0.60) 60.55 (26.09) 336.24 1/236 <0.001
sTNFR1(pg/mL)* 981.33 (56.43) 1047.66 (31.02) 0.344  1/195 0.588
sTNFR2 (pg/mL)?* 1435.86 (68.75) 2020.18 (52.82) 21.55 1/195 <0.001
IL-6 (pg/mL)?* 7.16 (2.24) 20.65 (8.50) 369.10 1/175 <0.001
IL-17 (pg/mL)?* 0.55 (0.29) 31.41 (14.95) 141.07 1/175 <0.001
IFN-y (pg/mL)* 1.50 (0.27) 12.11 (6.44) 5.88 1/175 0.016
IL-2 (pg/mL)* 0.91 (0.22) 8.82 (5.32) 152.74 1/175 <0.001
IL-10 (pg/mL)* 0.29 (0.20) 25.30 (9.52) 469.10 1/175 <0.001
IL-4 (pg/mL)?* 1.51 (1.00) 71.22 (47.99) 280.76 1/175 <0.001

All results of analyses of variance (F values). X% results of analyses of contingency tables. Continuous
variables were expressed as mean and SEM and categorical variables were expressed as absolute number

(n) and percentage (%)

BMI body mass index, SAH systemic arterial hypertension, MetS metabolic syndrome, TNF-a tumor necro-
sis factor o, sSTNFRI soluble tumor necrosis factor receptor 1, sTNFR2 soluble tumor necrosis factor recep-
tor 2, IL-6 interleukin 6, /L-17 interleukin 17, IFN-y interferon y, IL-2 interleukin 2, /L-10 interleukin 10,

IL-4 interleukin 4

“These variables were processed in Ln transformation

sTNFR2 than controls. It should be stressed that these bio-
marker results were not adjusted for possible extraneous
variables including age, sex, BMI, and ethnicity. As shown
in Fig. 1, patients with moderate/high disability showed
higher levels of TNF-a, sSTNFR1 and sTNFR2 than those
with mild disability (P=0.029, P=0.002 and P=0.019,
respectively). Moreover, patients with disability progression
showed higher levels of sSTNFR1 and sSTNFR2 than those
with no disability progression (P <0.001 and P =0.005,
respectively), but only patients with ProgMS showed higher
levels of sSTNFR1 when compared to those with RRMS
(P=0.038).

Associations with MS diagnosis

Table 2 shows the results of a multivariate GLM analysis
with TNF-a, sSTNFR1 and sTNFR2 as dependent variables
and diagnosis as the primary explanatory variable while
adjusting for age, sex, BMI, and ethnicity. We found that MS
diagnosis, age, and BMI had significant effects on the levels
of TNF-a and its receptors, whereas sex and ethnicity did
not. Tests for between-subject effects showed that MS diag-
nosis was positively associated with TNF-a with an effect
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size of 44.6% and sTNFR2 with an effect size of 12.3%.
BMI showed a modest positive effect on both sSTNFR1 and
sTNFR2, and age was positively associated with sTNFR2.
The GLM model showed equivalence of covariance matri-
ces (P=0.066) and the dependent variables presented equal
variances (P> 0.05). In Table 3, we showed the estimated
marginal mean values (in z scores) of TNF-a, as well as
sTNFR1 and sTNFR2 in MS patients and controls. TNF-a
and STNFR2 were significantly higher in patients with MS
than controls, while sSTNFR1 did not differ from controls.

Multivariate GLM analysis showed that there were no
significant effects of SAH (F=0.98, df=3/184, P=0.403,
n=235), smoking (F=0.32, df=3/185, P=0.296, n=21),
DM (F=0.24, df=3/182, P=0.866, n=12), MetS (F=1.22,
df=3/184, P=0.302, n=46), and the drug state of the
patients (F=1.51,df=12/471, P=0.117) on the three TNF
data (data not shown).

To delineate the best biomarkers associated with MS,
we have carried out different hierarchical logistic regres-
sion analyses. We found that TNF-a is the single best
predictor of MS diagnosis (x2= 107.18, df=1, P<0.001,
Nagelkerke =0.742) with an OR of 20.10 and 95% CI of
12.98-193.30 (lower and upper limit); 96.9% of all subjects
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Fig. 1 Plasma levels of TNF-a, sTNFR1 and sTNFR2 according to
the disability, disability progression and clinical forms of multiple
sclerosis (MS). EDSS Expanded Disability Status Scale,<3 mild
disability, > moderate/high disability, 7NF tumor necrosis factor,
STNFRI soluble tumor necrosis factor receptor 1, sTNFR2 soluble

Clinical Forms

Clinical Forms

tumor necrosis factor receptor 2, MSSS Multiple Sclerosis Severity
Score, <5 no progression,>5 progression, RRMS relapsing—remitting
multiple sclerosis, SPMS secondary progressive multiple sclerosis,
PPMS primary progressive multiple sclerosis
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Table 2 Results of multivariate GLM analysis with tumor necrosis factor (TNF)-a and TNF receptor sSTNFR1 and sTNFR2 as dependent vari-

ables
Type test Dependent variables Explanatory variables FIX? df P value Partial #?
Multivariate TNF-a Diagnosis 62.61 3/188 <0.001 0.500
sTNFR1 Sex 0.12 3/188 0.948 0.002
sTNFR2 Age 6.05 3/188 0.001 0.088
BMI 3.80 3/188 0.011 0.057
Ethnicity 0.77 3/188 0.513 0.012
Between-subject effects TNF-a Diagnosis (+) 153.04 1/190 <0.001 0.446
STNFR1 BMI (+) 5.98 1/190 0.015 0.031
sTNFR2 Diagnosis (+) 26.67 1/190 <0.001 0.123
Age (+) 18.21 1/190 <0.001 0.087
BMI (+) 9.26 1/190 0.003 0.046

All the results of analyses of variance (F values)

df degree of freedom, BMI body mass index, TNF-a tumor necrosis factor o, sSTNFR1 soluble tumor necrosis factor receptor 1, sSTNFR2 soluble

tumor necrosis factor receptor 2

Table 3 Model-generated estimated marginal means in z scores (SE) of TNF-a, sSTNFR1 and sTNFR2 in multiple sclerosis (MS) patients and
controls. These results were obtained by the GLM analyses shown in Table 2

Controls MS F df P value
(Ln) TNF-a (z scores)* —1.163 (0.131) 0.498 (0.064) 68.89 1/126 <0.001
(Ln) sTNFRI1 (z scores)* —0.038 (.194) 0.087 (0.095) 2.18 1/126 0.112
(Ln) sTNFR2 (z scores)* —0.731 (.175) 0.196 (0.086) 6.51 1/126 0.012

TNF-a tumor necrosis factor o, sSTNFR1 soluble tumor necrosis factor receptor 1, sTNFR2 soluble tumor necrosis factor receptor 2

*These variables were processed in Ln transformation; the analysis was adjusted for age, sex, body mass index and ethnicity

were correctly classified with a sensitivity of 100% and a
specificity of 79.3% (data not shown).

Associations with disability, progression of disease
and clinical forms of MS

To delineate the best biomarkers associated with the dis-
ability (EDSS >3 versus EDSS < 3), disability progression
(MSSS >5 versus MSSS <5) and clinical forms (RRMS
versus ProgMS), we have carried out different automatic
stepwise regression analyses with disability, progression and
clinical subtypes as dependent variables. Table 4 regression
#1 shows that EDSS > 3 was best predicted by sTNFR1 and
age (both positively), while TNF-a and sTNFR2 had no sig-
nificant effects. With this model, 73.6% of all cases were
correctly classified with a sensitivity of 74.6% and a speci-
ficity of 73.8% (R? Nagelkelke =0.262, x> =34.37, df =2,
P <0.001). Entering drug state, BMI, smoking, HAS, eth-
nicity, DB and MetS showed that these variables were not
significant predicting EDSS >3 (data not shown).

Logistic regression #2 shows that MSSS >5 was best
predicted by sTNFRI1 and age (both positively) and that
TNF-a and sTNFR2 have no significant effects. With this
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model, 66.0% of all cases were correctly classified with a
sensitivity of 58.5% and specificity of 72.2%, (R*> Nagel-
kelke =0.170, x*=19.62, df =2, P< 0.001). Entering drug
state, BMI, smoking, HAS, DM, ethnicity and MetS showed
that smoking was a significant predictor (F=5.69, df=1,
P=0.017) and that the effects of sSTNFR1 remained signifi-
cant (F=8.18, df=1, P=0.004) (data not shown).
Regression #3 shows that the ProgMS was best pre-
dicted by increased sTNFR1 (positively) and increased
sTNFR2 (negatively), coupled with age and sex. With
this model, 86.9% of all cases were correctly classified
with a sensitivity of 66.7% and specificity of 89.8%, (R>
Nagelkelke =0.285, x?=27.43,df=4, P< 0.001). Conse-
quently, we have computed a score reflecting the sSTNFR1/
STNFR2 ratio. Table 4 regression #4 shows that ProgMS
was significantly and positively associated with this ratio
after adjusting for age and sex. With this model, 86.3%
of all cases were correctly classified with a sensitivity of
66.7% and specificity of 89.1%, (R* Nagelkelke = 0.285,
x?=27.43,df=3, P< 0.001). Moreover, 1000 bootstraps
showed that the composed score zLn sTNFR1-zLn
sTNFR?2 had a significant effect (P =0.019) with a B value
of 0.693, bias of 0.066 and standard error (SE) of 0.354
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Dependent variables Explanatory variables Wald df P value OR 95% CI
Model # 1 EDSS >3 Age 19.82 1 <0001 1.069 1.038-1.101
STNFR1 7.36 1 0.007 1.653 1.150-2.377
Model # 2 MSSS >5 Age 4.82 1 0.028 1.031 1.003-1.059
sTNFR1 9.92 1 0.002 1.90 1.274-2.835
Model # 3 ProgMS Age 14.20 1 <0.001 1.084 1.039-1.130
Male sex 4.75 1 0.029 3.219 1.125-9.214
sTNFR1 3.88 1 0.049 2.048 1.003-4.179
sTNFR2 4.01 1 0.045 0.495 0.251-0.986
Model # 4 ProgMS Age 16.32 1 <0.001 1.084 1.043-1.128
Male sex 4.76 1 0.029 3.222 1.126-9.218
zsTNFR1_zsTNFR2 5.09 1 0.024 2.000 1.095-3.655

EDSS Expanded Disability Status Scale, MSSS Multiple Sclerosis Severity Score, ProgMS progressive
clinical forms of multiple sclerosis, df degree of freedom, OR odds ratio, CI confidence interval, sTNFR1
soluble tumor necrosis factor receptor 1, sSTNFR2 soluble tumor necrosis factor receptor 2, sSTNFR1 and
sTNFR2 are entered in z scores of Ln transformations; zsTNFR1_zsTNFR2 is computed as z score of
Ln sTNFR1 - z Ln sTNFR2. Model 1# Sensitivity =74.6, Specificity =73.8%, correct cases=73.6%, R?
Nagelkelke =0.262 X?=19.62, df=2, P<0.001), Model 2# Sensitivity =58.5%, Specificity =72.2%, cor-
rect cases=66.0%, R* Nagelkelke=0.170 (X2 =19.62, df=2, P<0.001), Model 3# Sensitivity =66.7%,
Specificity =89.8%, correct cases =86.9%, R? Nagelkelke =0.285 (X2 =27.43, df =4, P<0.001), Model 4#
Sensitivity =66.7%, Specificity =73.8%, correct cases=289.1%, R? Nagelkelke =0.285 (X>=27.43, df=3,

P<0.001)

(95% CI1 0.180-1.526). Entering drug state, BMI, smok-
ing, HAS, DM, ethnicity and MetS, the analysis showed
that BMI had a protective effect on the ProgMS (F=4.81,
df =1, P=0.028) and that the effects of zZLn STNFR1-zLn
STNFR2 remained significant (F=6.37,df=1, P=0.012).

Discussion

The main findings of the present study are that increased
TNF-a and sSTNFR2 levels are associated with MS, as well
as increased levels of STNFR1 coupled with age are posi-
tively associated with moderate/high disability and disabil-
ity progression. Moreover, increased sTNFR1 levels com-
bined with lower STNFR?2 levels, increasing age and male
sex increase risk towards the ProgMS, suggesting that high
levels of sSTNFR1 may be a risk factor while high levels of
sTNFR2 may exert a protective role modulating the immu-
nopathological mechanisms of MS. As such, a newly pro-
posed score reflecting the STNFR1/sTNFR2 ratio could be
an important biomarker to evaluate the development of the
ProgMS.

Our results also demonstrated that the MS diagnosis can
exert a strong effect of 44.6% in the levels of TNF-a. The
higher levels of TNF-a observed in the present cohort of
MS patients compared to controls are consistent with previ-
ous studies [5, 13, 27], as well as regarding to sSTNFR1 and
STNFR2 [10]. TNF-a is considered the principal mediator of
inflammatory response and is increased in CSF and periph-
eral mononuclear cells during relapses of MS suggesting that

this cytokine exerts an important effect in the pathogenesis
and progression of the disease [1].

The higher levels of sSTNFR2 observed in MS patients of
the present study, as well as its association with the MS diag-
nosis show the vital role of this receptor in the modulation
of the immune response, most likely through its interactions
with Treg cells [28]. The importance of TNFR2 signaling for
neuroprotection and tissue regeneration was demonstrated in
the reversible demyelination cuprizone model. In this model,
oligodendrocyte progenitor cell (OPC) proliferation and
remyelination are significantly late in TNF-a and TNFR2
knockout mice, thus demonstrating that tissue regenera-
tion is dependent on TNF-« signaling via TNFR2 [7, 29].
Some of the protective and regenerative effects of TNFR2
activation could be explained by the fact that this receptor
promotes the release of anti-inflammatory and neurotrophic
factors from astrocytes and microglia. In particular, astro-
cyte-derived factors, namely chemokine CXCL12 and leuke-
mia inhibiting factor (LIF), which promote oligodendrocyte
differentiation and may thus favor remyelination [30-32]. In
this way, our results suggest that sSTNFR1 and sTNFR2 may
have an opposite role in the development of ProgMS, while
sTNFR1 may act as a harmful factor for neurodegeneration,
sTNFR2 may act as a protective factor involved in the remy-
elination [7, 29].

Using binary logistic regression analysis to predict the
models for high disability in MS patients, we observed
that older patients with higher levels of sSTNFR1 showed
increased moderate/severe disability, as well as more dis-
ability progression than younger participants with lower
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levels of STNFR1. These results underscore age as one
independent factor for disability and disability progression
[33, 34]. The positive association between sTNFR1 with
increased disability in MS patient is in agreement with pre-
vious study [10], underscoring that TNF-a could be signal-
ing via STNFR1. These results could be explained by the fact
that STNFR1 can exacerbate neurodegeneration mediated by
activation of nuclear factor kappa B (NF-B) signaling path-
way in endothelial cells and can induce the expression of cell
adhesion molecules thereby promoting the transmigration of
immune cells into the CNS parenchyma [35]. Moreover, in
glial cells, in particular, microglia and astrocytes, enhanced
sTNFRI1 signaling will thus greatly enhance the inflamma-
tory response thereby promoting neurodegeneration [29, 36].
TNF-a, via sTNFR1, can also in vitro mediate direct apop-
tosis of neurons by activation of caspase 8 [37] and elevated
levels of TNF-a and activated caspase 8 in spinal cord injury
models further support the notion of TNF-a mediated direct
neuronal cell death in vivo [38]. In this way, our results sup-
port the hypothesis that STNFR1 is a factor that is more
associated with disability progression in MS patients and
that therapy targeting this receptor could be useful for the
treatment of them [19].

The positive associations between sSTNFR1 levels and dis-
ability, disability progression and ProgMS, as well as the
negative association between sTNFR2 and ProgMS, may
underscore the key role of these molecules in the immune-
inflammatory pathophysiology of MS [39, 40]. Although
STNFR1 and sTNFR2 are strongly correlated with each
other, they have distinct roles in immune responses. TNFR2
is expressed on cells within specific lymphocyte populations,
including Treg cells [6] and has an important role in apop-
totic cell death and in thymocyte and cytotoxic T cell pro-
liferation [41, 42]. When the TNFR2 signaling pathway is
activated, it increases Treg stability, expansion and function.
Under inflammatory conditions, the membrane TNFR2 can
be shed into the plasma (where the receptor is measurable
as the STNFR2) thereby attenuating TNF-a signaling [28].

Furthermore, the results of the present study showed that
age and STNFR1 were the best predictors of ProgMS, sug-
gesting that STNFR2 may exert a protective role in these
clinical forms. We also showed that age was associated
with the ProgMS, while male sex was positively associ-
ated with this condition. Although men have a lower risk
of developing MS than women, previous studies have sug-
gested that male sex is a risk factor for a progressive onset
of the disease, poor recovery after initial attacks, more rapid
accrual of disability and an overall more malignant course.
Conversely, females are more likely to manifest benign MS
outcome [42, 43].

ProgMS is characterized clinically by the accumulation of
neurological disability, independent of relapses, and can pre-
sent as the initial disease course (PPMS) or more commonly
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after an initial relapsing phase of the disease (SPMS) [44].
Degeneration of chronically demyelinated axons is a promi-
nent feature of the progressive MS brain and a major cause
of irreversible neurological disability, besides the damage
or dysfunction of astrocytes and microglia activation [1].
Whereas the proinflammatory and neurodegenerative effects
of TNF-« are primarily mediated by solTNF-a and thus by
TNFRI, signaling via tmTNF-a, predominantly via TNFR2,
is mainly neuroprotective and supports tissue homeostasis
and regeneration [29].

sTNFR1 and sTNFR2 play an important role in the
regulation of TNF-a activity under physiologic conditions
through neutralizing the function of TNF-a without invoking
inflammatory effects. STNFR1 and sTNFR2 have the abil-
ity to bind TNF-a, acting as an inhibitor that competes with
a membrane receptor. At low concentrations, they exhibit
agonistic activity with respect to TNF-a, while at high con-
centrations, they act antagonistically, binding excessive TNF
at the site of inflammation [45]. In various pathologic states,
the production and release of sSTNFR1 and sTNFR2 may
mediate host response and determine the course and out-
come of disease by interacting with TNF-a and competing
with cell surface receptors. Therefore, the determination of
STNFRs in body fluids such as plasma or serum is a new tool
to gain information about immune processes and provides
valuable insight into a variety of pathological conditions
[46].

The proposed mechanism for the modulatory effects of
sTNFR1 and sTNFR2 during inflammatory demyelina-
tion involves blocking proinflammatory effects of TNF-«
as well as regulation of lymphocyte clearance by apopto-
sis. STNFR2 levels are increased in the serum of ProgMS
patients during IFN-p therapy and this TNFR2 binds and
neutralizes TNF-a and TNF-f, thus inhibiting these two pro-
inflammatory cytokines. Therefore, the increased STNFR?2
may be one mechanism by which IFN-f mediates its effects
in the treatment of MS [47, 48]. Other study reported that
MS patients receiving treatment with IFN-f showed higher
STNFR2 serum levels during the follow-up period compared
with those of placebo group. Moreover, a strong correlation
at 24 months was observed between levels of STNFR2 and
disability scores in the placebo group and a trend for nega-
tive association was found between changes in sSTNFR2 and
percentage change in T2-weighted lesion load at 24 months
in the IFN-f treated group [49].

The apparent conflicting results of TNF-a obtained in
the present study with those reported previously by Sharief
and Hentges [11] who showed high levels of TNF in CSF
samples of patients with ProgMS and these values cor-
related with the severity of disease, may be explained
by some reasons, such as the design of the study and the
method used for the TNF-a measurements. While Sharief
and Hentges [11] carried out a 24-month prospective study
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and measured the serum and CSF levels of TNF-a using
enzyme-linked immunosorbent assay (ELISA), we carried
out a cross-sectional study and used a customized immu-
nofluorimetric assay to measured plasma TNF-« levels, a
method with high sensitivity and specificity than ELISA.
Other reason could be that these authors [11] excluded the
patients who received treatment with immunossuppres-
sive medications at any time. In our study, the patients
with MS were treated with different MS therapies and the
results obtained were after adjusted by these therapies.
Other explanation could be the type of controls that they
included in the study. While they used patients with other
neurological diseases that collected cerebrospinal fluid, we
included healthy individuals. Moreover, our individuals
are from Brazilian population, a genetically more hetero-
geneous than the individuals included in the Sharief and
Hentges study [11]. Genetic variations may result in dif-
ferent immune response regarding the gene expression and
regulation taken into account several variants in the TNFA
and TNFB genes that play a role in the TNF-a expression
[reviewed in [50]]. Moreover, the presence of the TNFB2/
B2 genotype was associated with increased TNF-a levels
in Brazilian patients with MS [51].

Furthermore, genetic variants in the TNFRSFIA may
also explain apparent conflicting results of plasma levels of
sTNFR1 obtained in different studies. A single nucleotide
variant identified in the largest MS genome-wide association
study [52] has been reported as occurring in the TNFRSFIA
gene that encodes TNFR1, and has been shown to be associ-
ated with an increased susceptibility to MS development.
This genetic variant results in the expression of a sSTNFR1,
which can block pan TNF-a signaling [53]. Therefore, treat-
ment using an anti-TNFRI1 as strategy might also neutralize
the detrimental effects of this STNFR1 variant.

The present results should be discussed taking into
account some limitations. First, the cross-sectional design of
the study does not allow to make causal inferences. Second,
the sample size of patients with ProgMS was rather modest.
However, the study used the MSSS scale, which is currently
the best available rating scale to measure speed of disability
accumulation in MS [23]. To our knowledge, the present
study is the first to evaluate the association between TNF-a,
sTNFR1 and sTNFR2 with disability, disability progression,
and clinical forms of MS.

Taken together, our results support the hypothesis of the
distinct role of TNF-a and its receptors in the immunopatho-
genesis of MS, with a clear evidence of a neurodegenera-
tive role of STNFRI in the disability, disability progression,
and clinical forms, while high levels of sSTNFR?2 associated
with the presence of MS, as well as with ProgMS, may be
a compensatory and protective response to modulate the
immunopathological mechanisms involved in the disease.
These results also suggest that the specific blockage of

TNFRI1 could be a possible therapy approach for the treat-
ment of patients with MS, mainly those with ProgMS who
do not respond to the current therapies. Moreover, enhancing
TNFR?2 signaling in the CNS may provide a viable thera-
peutic option to boost remyelination and achieve neuropro-
tection, halting, or even reverting, the progression of the
disease.

Acknowledgements The study was supported by grants from the Coor-
dination for the Improvement of Higher Level of Education Personnel
(CAPES) of Brazilian Ministry of Education; Institutional Program for
Scientific Initiation Scholarship (PIBIC) of the National Council for
Scientific and Technological Development (CNPq); and State Univer-
sity of Londrina (PROPPG). We thank the University Hospital of State
University of Londrina for technical supports.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent All the participants included in this study provided
written informed consent.

References

1. Sospedra M, Martin R. Immunology of multiple sclerosis. Semin
Neurol. 2016;36:115-27.

2. Kriegler M, Perez C, DeFay K, Albert I, Lu SD. A novel form
of TNF/cachectin is a cell surface cytotoxic transmembrane
protein: ramifications for the complex physiology of TNF. Cell.
1998;53:45-53.

3. Holtmann MH, Neurath MF. Differential TNF-signaling in chronic
inflammatory disorders. Curr Mol Med. 2004;4:439-44.

4. Grell M, Douni E, Wajant H, et al. The transmembrane form of
tumor necrosis factor is the prime activating ligand of the 80 kDa
tumor necrosis factor receptor. Cell. 1995;83:793-802.

5. Probert L. TNF and its receptors in the CNS: the essen-
tial, the desirable and the deleterious effects. Neuroscience.
2015;302:2-22.

6. Salomon BL, Leclerc M, Tosello J, Ronin E, Piaggio E, Cohen JL.
Tumor necrosis factor a and regulatory T cells in oncoimmunol-
ogy. Front Immunol. 2018;9:444.

7. Arnett HA, Mason J, Marino M, Suzuki K, Matsushima GK, Ting
JP. TNF alpha promotes proliferation of oligodendrocyte progeni-
tors and remyelination. Nat Neurosci. 2001;4(11):1116-22.

8. Steeland S, Libert C, Vandenbroucke RE. A new venue of TNF
targeting. Int J Mol Sci. 2018;19(pii):E1442.

9. Pegoretti V, Baron W, Laman JD, et al. Selective modulation of
TNF-TNFRs signaling: insights for multiple sclerosis treatment.
Front Immunol. 2018;9:925.

10. Oliveira SR, Flauzino T, Sabino BS, et al. Elevated plasma
homocysteine levels are associated with disability progres-
sion in patients with multiple sclerosis. Metab Brain Dis.
2018;33:1393-9.

@ Springer



1058 C. M. Ribeiro et al.
11. Sharief MK, Hentges R. Association between tumor necrosis 31. Patel Jr, Williams JL, Muccigrosso MM, et al. Astrocyte TNFR2 is
factor-alpha and disease progression in patients with multiple required for CXCL12-mediated regulation of oligodendrocyte pro-
sclerosis. N Engl J Med. 1991;325:467-72. genitor proliferation and differentiation within the adult CNS. Acta

12. Kallaur AP, Reiche EM, Oliveira SR, et al. Genetic, immune- Neuropathologica. 2012;124(6):847-60.
inflammatory, and oxidative stress biomarkers as predictors for 32. Fischer R, Kontermann RE, Maier O. Targeting sSTNF/TNFR1 sign-
disability and disease progression in multiple sclerosis. Mol Neu- aling as a new therapeutic strategy. Antibodies. 2015;4:48-70.
robiol. 2017;54:31-44. 33. Scalfari A, Neuhaus A, Daumer M, et al. Age and disability accu-

13. Kallaur AP, Oliveira SR, Simdo ANC, et al. Cytokine profile mulation in multiple sclerosis. Neurology. 2011;77:1246-52.
in patients with progressive multiple sclerosis and its asso- 34. Tomassini V, Fanelli F, Prosperini L, et al. Predicting the pro-
ciation with disease progression and disability. Mol Neurobiol. file of increasing disability in multiple sclerosis. Mult Scler.
2017;54:2950-60. 2019;25:1306-15.

14. Tanasescu R, Constantinescu CS. Pharmacokinetic evaluation of 35. Zhou Z, Connell MC, MacEwan DJ. TNFR1-induced NF-B, but
fingolimod for the treatment of multiple sclerosis. Expert Opin Drug not ERK, p38MAPK or JNK activation, mediates TNF-induced
Metab Toxicol. 2014;10(4):621-30. ICAM-1 and VCAM-1 expression on endothelial cells. Cell Signal.

15. Patzold T, Sindern E, Ossege-Pohle L, Malin JP. The soluble 60-kDa 2007;19:1238-48.
tumour necrosis factor receptor: no difference found between 36. Wajant H, Scheurich P. TNFR1-induced activation of the classical
patients with relapsing-remitting multiple sclerosis and controls: NF-kB pathway. FEBS J. 2011;278:862-76.
increasing levels are associated with the recovery from Guillain- 37. Badiola N, Malagelada C, Llecha N, et al. Activation of caspase-8 by
Barre syndrome. J Neurol. 1998;245:803-8. tumor necrosis factor receptor 1 is necessary for caspase-3 activation

16. Fissolo N, Canté E, Vidal-Jordana A, et al. Levels of soluble TNF- and apoptosis in oxygen-glucose deprived cultured cortical cells.
RII are increased in serum of patients with primary progressive Neurobiol Dis. 2009;35:438-47.
multiple sclerosis. J Neuroimmunol. 2014;271:56-9. 38. Chen KB, Uchida K, Nakajima H, et al. Tumor necrosis factor-

17. van Oosten BW, Barkhof F, Truyen L, et al. Increased MRI activity antagonist reduces apoptosis of neurons and oligodendroglia in rat
and immune activation in two multiple sclerosis patients treated with spinal cord injury. Spine. 2011;36:1350-8.
the monoclonal anti-tumor necrosis factor antibody cA2. Neurology. 39. Imitola J, Chitnis T, Khoury SJ. Cytokines in multiple sclerosis:
1996;47:1531-4. from bench to bedside. Pharmacol Ther. 2005;106:163-77.

18. The Lenercept Multiple Sclerosis Study Group and The University 40. Graber JJ, Ford D, Zhan M, et al. Cytokine changes during inter-
of British Columbia MS/MRI Analysis Group. TNF neutralization in feron—beta therapy in multiple sclerosis: correlation with interferon
MS—results of a randomized, placebo controlled multicenter study. dose and MRI response. J Neuroimmunol. 2007;185:168-74.
Neurology. 1999;53:457-65. 41. Grell M, Becke FM, Wajant H, et al. TNF receptor type 2 mediates

19. Tseng WY, Huang YS, Lin HH, et al. TNFR signaling and its clinical thymocyte proliferation independently of TNF receptor type 1. Eur
implications. Cytokine. 2018;101:19-25. J Immunol. 1998;28:257-63.

20. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for 42. Cossburn M, Ingram G, Hirst C, et al. Age at onset as a determinant
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann of presenting phenotype and initial relapse recovery in multiple scle-
Neurol. 2011;69:292-302. rosis. Multiple Sclerosis. 2012;18:45-54.

21. Kurtzke JF. Rating neurologic impairment in multiple scle- 43. Bove R, Chitnis T. Sexual disparities in the incidence and course of
rosis: an expanded disability status scale (EDSS). Neurology. MS. Clin Immunol. 2013;149:201-10.
1983;33:1444-52. 44. Lublin FD, Reingold SC, Cohen JA, et al. Defining the clini-

22. Roxburgh RH, Seaman SR, Masterman T, et al. Multiple Sclerosis cal course of multiple sclerosis: the 2013 revisions. Neurology.
Severity Score: using disability and disease duration to rate disease 2014;83:278-86.
severity. Neurology. 2005;64:1144-51. 45. Spoettl T, Hausmann M, Klebl F, et al. Serum soluble TNF recep-

23. Koch MW, George S, Wall W, et al. Serum NSE level and disability tor I and II levels correlate with disease activity in IBD patients.
progression in multiple sclerosis. J Neurol Sci. 2015;350:46-50. Inflamm Bowel Dis. 2007;13:727-32.

24. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline 46. Diez-Ruiz A, Tilz GP, Zangerle R, Baier-Bitterlich G, Wachter H,
for the management of high blood pressure in adults: report from the Fuchs D. Soluble receptors for tumour necrosis factor in clinical
panel members appointed to the Eighth Joint National Committee laboratory diagnosis. Eur J Haematol. 1995;54:1-8.

(INC 8). JAMA. 2014;311:507-20. 47. Kollias G, Kontoyiannis D. Role of TNF/TNFR in autoimmunity:

25. American Diabetes Association. Standards of medical care in dia- specific TNF receptor blockade may be advantageous to anti-TNF
betes—2014. Diabetes Care. 2014;37(Suppl 1):S14-80. treatments. Cytokine Growth Factor Rev. 2002;13:315-21.

26. Grundy SM, Cleeman JI, Daniels SR, et al. American Heart Asso- 48. Segal B, Cross A. Fas(t) track to apoptosis in MS: TNF recep-
ciation; National Heart, Lung, and Blood Institute. Diagnosis and tors may suppress or potentiate CNS demyelination. Neurology.
management of the metabolic syndrome: an American Heart Asso- 2000;55:906-7.
ciation/National Heart, Lung, and Blood Institute scientific state- 49. Comabella M, Julia E, Tintoré M, Brieva L, Téllez N, Rio J, Lopez
ment. Circulation. 2005;112:2735-52. C, Rovira A, Montalban X. Induction of serum soluble tumor

27. Alatab S, Maghbooli Z, Hossein-Nezhad A, et al. Cytokine profile, necrosis factor receptor II (sTNF-RII) and interleukin-1 receptor
Foxp3 and nuclear factor-kB ligand levels in multiple sclerosis sub- antagonist (IL-1ra) by interferon beta-1b in patients with progressive
types. Minerva Med. 2011;102:461-8. multiple sclerosis. J Neurol. 2008;255(8):113641.

28. Yang S, Wang J, Brand DD, et al. Role of TNF-TNF receptor 2 50. Kallaur AP, Kaimen-Maciel DR, Morimoto HK, et al. Genetic poly-
signal in regulatory T cells and its therapeutic implications. Front morphisms associated with the development and clinical course of
Immunol. 2018;9:784. multiple sclerosis (review). Int J Mol Med. 2011;28(4):467-79.

29. Fischer R, Maier O. Interrelation of oxidative stress and inflam- 51. Kallaur AP, Oliveira SR, Simido AN, et al. Tumor necrosis fac-
mation in neurodegenerative disease: role of TNF. Oxid Med Cell tor beta Ncol polymorphism is associated with inflammatory and
Longev. 2015;2015:610813. metabolic markers in multiple sclerosis patients. J Neurol Sci.

30. Veroni C, Gabriele L, Canini I, et al. Activation of TNF receptor 2 in 2014;346(1-2):156-63.
microglia promotes induction of anti-inflammatory pathways. Mol 52. De Jager PL, Jia X, Wang J, de Bakker PI, Ottoboni L, et al. Meta-

Cell Neurosci. 2010;45(3):234-44.

@ Springer

analysis of genome scans and replication identify CD6, IRF8 and



Tumor necrosis factor alpha (TNF-a) and its soluble receptors are associated with disability, ... 1059

53.

TNFRSF1A as new multiple sclerosis susceptibility loci. Nat Genet.
2009;41:776-82.

Gregory AP, Dendrou CA, Attfield KE, Haghikia A, Xifara DK,
et al. TNF receptor 1 genetic risk mirrors outcome of anti-TNF
therapy in multiple sclerosis. Nature. 2012;488:508-11.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Tumor necrosis factor alpha (TNF-α) and its soluble receptors are associated with disability, disability progression and clinical forms of multiple sclerosis
	Abstract
	Background 
	Objective 
	Materials and subjects 
	Results 
	Conclusion 

	Introduction
	Methods
	Subject characteristics
	Laboratory biomarkers
	Statistical analysis

	Results
	Characteristics of the subjects
	Associations with MS diagnosis
	Associations with disability, progression of disease and clinical forms of MS

	Discussion
	Acknowledgements 
	References




