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A B S T R A C T   

Background: Tight junction proteins contribute to maintenance of epithelial and endothelial barriers such as the 
intestinal barrier and the blood brain barrier (BBB). Increased permeability of these barriers has been linked to 
disease activity in MS and there is currently a lack of easily accessible biomarkers predicting disease activity in 
MS. 
Aim: To investigate whether levels of circulating tight junction proteins occludin and zonula occludens-1 (ZO-1) 
are associated with biomarkers of inflammation and disease activity; and to determine whether they could serve 
as clinical biomarkers. 
Methods: We prospectively included 72 newly diagnosed patients with relapsing remitting MS or clinically iso-
lated syndrome with no prior disease modifying therapy (DMT) use and 50 healthy controls (HCs). Patients were 
followed with blood samples, 3 tesla MRI, and clinical evaluation for 12 months. Occludin, ZO-1, calprotectin 
and soluble urokinase-type plasminogen activator receptor (suPAR) were measured by ELISA; serum neuro-
filament light (NfL) and IL-6 by single-molecule array (SIMOA). The mRNA expression of IFNG, IL1R1, IL10, 
IL1B, ARG1 and TNF was measured by quantitative real time polymerase chain reaction (qPCR) in whole blood. 
Results: Plasma occludin levels were higher in MS patients compared with HCs. After 12 months on DMT, 
occludin levels were reduced by approximately 25% irrespective of 1st or 2nd line DMT (p<0.001). Furthermore, 
NfL and calprotectin levels were significantly reduced by 31% and 29%, respectively. Occludin and ZO-1 did not 
correlate with biomarkers of inflammation and did not predict disease activity at baseline or after 12 months. 
Conclusions: Higher levels of occludin suggest an increased permeability of the BBB and/or the intestinal barrier 
in MS patients. The reduction of occludin after 12 months on DMTs might reflect repair of these barriers upon 
treatment. However, plasma levels of ZO-1 and occludin could not predict clinical or MRI disease activity as 
determined by regression and ROC-curve analysis. Our results do not indicate a clear clinically relevant role for 
circulating tight junction proteins as biomarkers of disease activity in MS and further investigations in larger 
cohorts are needed to clarify this issue.   

1. Introduction 

Tight junction proteins contribute to maintenance of epithelial and 
endothelial barriers such as the intestinal barrier and the blood brain 
barrier (BBB). These barriers protect against potentially harmful 

molecules and unnecessary immune activation and are therefore crucial 
for overall health. If disrupted, tight junction proteins such as claudins, 
occludin and zonula occludens-1 (ZO-1) are released from the barriers 
and become detectable in blood (Lochhead et al., 2020; Camar-
a-Lemarroy et al., 2018). A fundamental step in the pathogenesis of 
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multiple sclerosis (MS) is the migration of peripherally activated im-
mune cells from the blood, across the BBB, into the brain leading to 
inflammation, demyelination and neuroaxonal damage (Compston and 
Coles, 2008). The peripheral immune activation could take place in 
tissues that interact with the exterior environment such as the intestine, 
the skin or the lungs (Hemmer et al., 2015). Increased peripheral im-
mune activation in the intestinal tract has been linked to increased in-
testinal permeability, often referred to as leaky gut. This has been shown 
to be present in immune mediated diseases such as type 1 diabetes 
mellitus, inflammatory bowel diseases and in patients with MS (Carratù 
et al., 1999; Wyatt et al., 1993; Sorini et al., 2019; Buscarinu et al., 
2017). Increased intestinal permeability is thought to be associated with 
low-grade endotoxemia due to bacterial translocation (Escribano et al., 
2017; Teixeira et al., 2013; Nagpal and Yadav, 2017). In addition, MS 
patients are known to have increased permeability of the BBB (Minagar 
and Alexander, 2003). The CNS is generally considered an 
immune-privileged site, and in healthy individuals few immune cells can 
pass the BBB. A disruption of this barrier enables immune cells to invade 
the CNS where they can be reactivated by myelin autoantigens, causing 
acute demyelination. This can be visualized on MRI as active gadolinium 
(Gd-) enhancing lesions, which is a hallmark of MS (Compston and 
Coles, 2008). However, infusion of Gd-contrast requires additional 
scanning time and can occasionally be toxic (Ramalho et al., 2017), 
which is why a blood based biomarker for BBB disruption and active 
lesions would be superior. Circulating tight junction proteins have been 
assessed as biomarkers of intestinal permeability and BBB disruption in 
sepsis and neurological conditions such as ischemic and hemorrhagic 
stroke (Lasek-Bal et al., 2020; Assimakopoulos et al., 2020; Kazmierski 
et al., 2012). In MS patients, levels of serum occludin, ZO-1 and claudin 
5 were recently shown to decrease after treatment with fingolimod and 
have been suggested to represent in vivo surrogate markers of BBB 
integrity (Annunziata et al., 2018). Both intestinal and BBB permeability 
has been linked with disease activity in MS and currently there is a lack 
of easily accessible biomarkers predicting disease activity in MS. In this 
longitudinal observational case-control study we aim to investigate 
whether the circulating tight junction proteins occludin and ZO-1 are 
associated with biomarkers of inflammation and clinical as well as MRI 
features in MS patients. In addition, we aim to determine whether they 
can serve as clinically relevant biomarkers of disease activity. 

2. Methods 

2.1. Participants 

From February 2017 to June 2020 we prospectively included 72 
patients with RRMS or a clinically isolated syndrome (CIS) and 50 
healthy controls (HCs) at the Danish Multiple Sclerosis Center, Copen-
hagen University Hospital - Rigshospitalet. Inclusion criteria were newly 
diagnosed (< 1 year) CIS or RRMS fulfilling the McDonald criteria 2017 
(Thompson et al., 2018) with no prior DMT use and aged 18 to 55 years. 
Exclusion criteria were other autoimmune disorders, celiac disease, 
lactose intolerance, severe diseases (e.g. cancer, vasculitis, HIV, hepa-
titis), prior treatment with chemotherapy and similar medicine, preg-
nancy and breastfeeding, and treatment with corticosteroids or 
antibiotics in the last 4 weeks. HCs were healthy non blood-related 
family members or friends of the MS patients, aged 18 to 55 years and 
did not fulfill the exclusion criteria. Patients were seen at baseline and 
after 12 months with fasting blood samples, clinical evaluation and MRI 
of the brain and spinal cord. HCs were only seen at baseline. Neurologic 
examination was performed by experienced, Neurostatus C certified 
neurologists, and disability was assessed by the Expanded Disability 
Status Scale (EDSS) (Kurtzke, 1983). Disease activity was defined as the 
presence of Gd-enhancing lesions, new or enlarging T2 lesions, or new 
relapses at follow-up visits. No evidence of disease activity (NEDA) was 
defined as absence of new relapses, EDSS worsening and new MRI le-
sions during the follow-up period. All participants answered an 

environmental and lifestyle questionnaire, which was developed in 
Sweden and translated into Danish with permission from Karolinska 
Institute, Stockholm, Sweden (Hedström et al., 2009). Sixty-three of the 
72 patients were previously included in a cross sectional study of some 
of the baseline data of biomarkers of inflammation, without overlap of 
the currently presented data (Olsson et al., 2020). 

All participants signed informed consent forms. The study was 
approved by the regional ethics committee and Danish data protection 
agency (protocol no.:H-16047666). 

2.2. Assessments 

Plasma tubes were immediately put on ice after sampling. The clot-
ting time for blood intended for serum was exactly 1 h. Serum and 
plasma were isolated by centrifugation at 2000x g at 4 ◦C for 10 min, 
aliquoted in Eppendorf polypropylene tubes and stored at − 80 ◦C. 
Further details were previously described (Olsson et al., 2020). 

2.3. Enzyme-linked immunosorbent assay (ELISA) 

ELISA was used for the detection of plasma zonula occludens-1 (ZO- 
1) (Nordic BioSite, detection range: 0.313–20 ng/ml), plasma occludin 
(Nordic BioSite, detection range: 0.156–10 ng/ml), serum soluble uro-
kinase plasminogen activator receptor (suPAR) (Quantikine R&D sys-
tems, Minneapolis, MN, USA, detection range: 62.5–4000 pg/ml) and 
serum calprotectin (Quantikine R&D systems, Minneapolis, MN, USA, 
detection range: 0.6–40 ng/ml). Calprotectin and suPAR levels were 
measured early in the process when only a subset of patients had 
completed 12 months follow up (n = 24 and 38, respectively). Missing 
data for suPAR at baseline (n = 6, due to a coefficients of variation 
(CV)>15%), resulted in paired analyses of 32 samples for suPAR. Three 
of the occludin measures at baseline and two at 12 months had a 
CV>20% and were therefore excluded. Inter- and intra-assay CVs can be 
seen in Table S1. 

2.4. Single molecule array assays 

Serum levels of neurofilament light (NfL) and interleukin-6 (IL-6) 
were measured using single-molecule array (SIMOA) assays (Quan-
terix™, NF-light and IL-6 ®Advantage Kit, Billerica, MA, USA). The 
lower limit of quantification (LLOQ) for NfL was of 0.343 pg/ml, with a 
dynamic range up to 1800 pg/ml. For IL-6 the LLOQ was 0.0103 pg/ml 
with a dynamic range up to 120 pg/ml. Inter- and intra-assay CVs can be 
seen in Table S1. 

2.5. Gene expression by quantitative real-time PCR (qPCR) 

Whole blood was sampled in PAXgene tubes, and total RNA was 
extracted using PAXgene Blood miRNA kit (PreAnalytix, Qiagen). Gene 
expression of the target genes were quantified by PCR amplification on a 
ViiA7 real-time PCR thermal cycler (Life Technologies, USA). This has 
previously been described in detail (Olsson et al., 2021). Briefly, a gene 
expression index was calculated by the 2-ΔΔCt method for relative 
quantification using GenEx Pro 6.0.5. Data were normalized with the 
reference gene UBE2D2 and CASC3. All gene expression values were set 
relative to a HC calibrator pool. The following genes were analyzed: 
arginase-1 (ARG1), interleukin-1β (IL1B), IL-1 receptor type 1 (IL1R1), 
IL10, tumor necrosis factor (TNF), and interferon-γ (IFNG). Only sam-
ples with a cycle threshold SD below 0.4 were accepted. 

2.6. Magnetic resonance imaging 

MRI of the brain and spinal cord was performed at baseline and after 
12 months on the same Siemens 3 tesla Verio scanner (Siemens, Erlan-
gen) using a 32-channel head coil. MRI was performed prospectively 
with and without intravenous infusion of Gd (0,1 mmol/kg). All images 
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were evaluated by the same neuroradiologist. 

2.7. Statistics 

Data are presented as median (interquartile range - IQR: 25th and 
75th percentiles) or mean ± standard error of the mean (SEM) for 
continuous variables, and percent for categorial variables. Data were 
log-transformed where required, and analysis of covariance (ANCOVA) 
was used to analyze differences in concentrations of tight junction 
proteins between MS and HCs, adjusted for confounders such as age, sex, 
BMI and smoking (current smokers vs. non-smokers). Baseline data of 
biomarkers of inflammation were used only to establish correlations 
with tight junction proteins and to evaluate the changes between base-
line and 12 months levels. Spearman’s correlation was used to assess 
associations between tight junction proteins, biomarkers of inflamma-
tion, MRI and clinical parameters. Paired t-test and Wilcoxon signed 
rank test were used to analyze changes after 12 months. The estimates 
(β) of mean change in logarithmic values were back-transformed to the 
original scale (10^[β]) resulting in a percentual mean difference, and 
95% confidence interval (CI). Negative binominal regression analyses 
were used for prediction of disease activity with number of new or 
enlarging T2 lesions, number of Gd-enhancing lesions or number of new 
relapses at follow-up after 12 months. Receiver operating characteristic 
(ROC) curve analysis was used to evaluate the discriminative values for 
tight junction proteins to predict disease activity (Gd-enhancing MRI 
lesions). The index was represented as the area under the curve (AUC). 
Adjustment for multiple testing by the Benjamini-Hochberg method 
with a false discovery rate (FDR) of 5% was used as indicated. FDR- 
adjusted p-values are given as q-values with q ≤ 0.05 considered sta-
tistically significant. Statistics were performed using IBM® SPSS® sta-
tistics (version 25). Graphs in the artwork were created with GraphPad 
Prism® 8.0. 

3. Results 

3.1. Clinical features 

Baseline demographics and clinical characteristics of the included 
patients (RRMS = 70, CIS = 2) and HCs are presented in Table 1. In total, 
70 (97%) of the MS patients completed the 12 months clinical evalua-
tion with MRI. The two dropouts were due to pregnancy and patient’s 
wish, respectively. At the time of blood sample analyses, the first 56 
patients had completed the 12 months visit and from those 53 paired 
blood samples at baseline and follow-up were available. Clinical and 
MRI measures of disability and disease activity in MS patients at baseline 
compared with 12 months follow-up are presented in Table 2. 

3.2. Occludin and ZO-1 in MS patients vs. HCs, and associations with 
clinical variables at baseline 

Plasma levels of occludin were higher in MS patients compared with 
HCs with an estimated difference of 15% (95% CI: 3 to 29; p = 0.017) 
when adjusting for sex, age, BMI and smoking status. There was no 
significant difference in ZO-1 levels between MS and HCs (Fig. 1A-B). 

Occludin and ZO-1 did not correlate significantly with EDSS, relapses 
the year prior to inclusion, number of T2 lesions or Gd-enhancing lesions 
(results not shown). ZO-1 correlated positively with disease duration 
(rho = 0.303, p = 0.010), although not significantly after FDR 
correction. 

In an ANCOVA model of 3 groups (active MS; inactive MS; and HCs) 
adjusting for sex, age, BMI and smoking status, occludin levels did not 
differ significantly between MS patients with active disease (Gd- 
enhancing lesions) and patients with inactive disease, or between 
inactive MS and HCs. However, occludin levels were higher in active MS 
compared with HCs, 25% (95%CI: 7 to 46; q = 0.030). ZO-1 levels did 
not differ between active MS, inactive MS and HCs. 

As tight junction proteins might be more transient than Gd- 
enhancing lesions we explored possible associations between time 
from MRI to blood sampling. The median time from MRI to blood 
sampling was 25 days (IQR: 9–47 days). In active MS patients with Gd- 
enhancing lesions the median time was 20 days (IQR: 7–37 days). There 
were no significant correlations between the time from MRI to blood 
sampling and levels of occludin or ZO-1 in patients with Gd-enhancing 
lesions exclusively or in all patients regardless of Gd-enhancing lesions 
(data not shown). 

3.3. Correlations with biomarkers of inflammation at baseline and after 
12 months DMT 

Few significant correlations were observed: occludin correlated 
negatively with IL-10 (rho = − 0.339, p = 0.035) at month 12 in MS 
patients. In HCs, occludin correlated positively with IL-6 (rho = 0.376, p 
= 0.014) at baseline. In addition, occludin and ZO-1 correlated posi-
tively in MS patients at baseline (rho = 0.317, p = 0.016) and after 12 

Table 1 
Demographics and clinical characteristics.   

Multiple Sclerosis, 
n ¼ 72 

Healthy controls, 
n ¼ 50 

Sex (female); n, (%) 56 (78%) 34 (68%) 
Age; years 34 (27–41) 33 (28–39) 
BMI; kg/m2 23 (21–26) 24 (22–26) 
Current smokers; n, (%) 11 (15%) 10 (20%) 
Disease duration (years since 1st 

symptom) 
0.9 (0.3–2.6) N.A. 

EDSS 2.0 (1.0–3.0) N.A. 
No. of relapses 1 year before 

baseline 
1 (1–2) N.A. 

Presence of relapses 1 year before 
baseline; n, (%) 

70 (97%) N.A. 

T2 lesion count, baseline; n, (%)   
1–9 

10–19 
≥20  

18 (25%) 
16 (22%) 
38 (53%)  

N.A 
N.A 
N.A  

Gdþ lesion count, baseline  0 (0–1) N.A. 

Presence of Gdþ lesions, baseline 
a; n, (%) 

24 (36%) N.A. 

First treatment after baseline b; n, 
(%)   

1st line DMT 40 (55.6%) N.A. 
2nd line DMT 27 (37.5%) N.A. 
No treatment c 5 (6.9%) N.A. 
Change of treatment in the first  

12 months; n, (%)   
1st line to 2nd line DMT d 5 (7.0%) N.A. 
Fingolimod to natalizumab 1 (1.4%) N.A. 
Dimethyl fumarate to teriflunomide 1 (1.4%) N.A. 
Cessation of treatment e 1 (1.4%) N.A. 

All data is given in median (IQR), except if otherwise specified. IQR: inter-
quartile range, DMT: disease modifying treatment, BMI: body mass index, EDSS: 
expanded disability status scale, Gd+: gadolinium enhancing, N.A.: not 
applicable. 

a 5 patients did not receive gadolinium at baseline MRI (n = 67). 
b Including 5 patients randomized for either of atumumab (n = 3) or teri-

flunomide (n = 2) in the ASCLEPIOS trial (Hauser, S. L. et al. N. Engl. J. 
Med.2020). 

1st line DMT includes: teriflunomide (n = 25), dimethyl fumarate (n = 12), 
glatiramer acetate (n = 2), peginterferon beta-1a (n = 1) 

2nd line DMT includes: fingolimod (n = 4), natalizumab (n = 3), ocrelizu-
mab/rituximab (n = 9), ofatumumab (n = 3), daclizumab (n = 1), cladribin (n =
3) 

cNo treatment due to patient’s choice. 
d Dimethyl fumarate to natalizumab (n = 1), teriflunomide to fingolimod (n =

1), dimethyl fumarate to ocrelizumab (n = 1), teriflunomide to ocrelizumab (n =
2). 

e Cessation of glatiramer acetate due to pregnancy. 
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months (rho = 0.382, p = 0.006). None of the correlations were sig-
nificant after FDR correction. 

3.4. Treatment effects after 12 months DMT 

Occludin levels were significantly reduced by 25% (95%CI: − 30 to 
− 19; p<0.001) and ZO-1 was non-significantly reduced by 6% (95%CI: 
− 14 to 3; p = 0.200) at 12 months compared with baseline. Further-
more, NfL and calprotectin levels were reduced by 31% (95%CI: − 41 to 
− 19; p<0.001) and 29% (95%CI: − 43 to − 11; p = 0.005), respectively 
(Table 3). 

To investigate whether the change in biomarkers was related to the 
choice of DMT we stratified the cohort based on 1st and 2nd line 
treatments. Occludin levels were reduced in patients treated with 1st or 
2nd line DMT by 26% (95%CI: − 35 to − 16; p<0.001) and 24% (95%CI: 
− 31 to − 17; p<0.001), respectively. NfL levels were reduced by 51% 
(95%CI: − 65 to − 31; p<0.001) in the group receiving 2nd line treat-
ment (Table 4). As expected, due to the treatment decision-making 
process, patients on 2nd line DMT had significantly higher EDSS, 
longer disease duration, more T2 and Gd-enhancing lesions, and more 
relapses the year prior to diagnosis. There was no difference in age, BMI 
or sex (data not shown). In the group of 5 untreated patients due to 

patients’ choice, none of the biomarkers changed significantly after 12 
months (data not shown). 

3.5. Disease activity 12 months after inclusion - correlations and 
prediction 

Occludin levels at 12 months follow-up did not correlate significantly 
with EDSS, new relapses, number of new or enlarging T2 lesions, or 
number of Gd-enhancing lesions at month 12. Levels of ZO-1 correlated 
nominally with new or enlarging T2 lesions at 12 months (rho = 0.356, 
p = 0.036), but this was not significant after FDR correction (q = 0.072). 
None of the measured tight junction proteins at baseline were able to 
predict clinical disease activity (new relapses) or MRI disease activity 
(new or enlarging T2 lesions or Gd-enhancing lesions) at the 12-months 
visit (negative binomial regression, adjusted for 1st/2nd line DMT, sex, 
age, BMI, smoking status and disease duration). ROC curve analyses of 
occludin and ZO-1 could not predict disease activity at baseline or 
follow-up visit (all AUC below 0.650, p > 0.05). NEDA at 12 months 
follow-up was achieved in 34% of all patients (21% in 1st line and 59% 
in 2nd line DMT). ZO-1 and occludin levels did not differ significantly 
between patients achieving NEDA or not, neither when stratifying on 
DMT (data not shown). 

4. Discussion 

In this longitudinal observational case-control study we investigated 
if plasma levels of the tight junction proteins ZO-1 and occludin differed 
between MS patients and HCs. In addition, we examined if these proteins 
correlated with biomarkers of inflammation, and if ZO-1 and occludin 
might predict disease activity at baseline and follow-up after 12 months. 
We show that MS patients had higher plasma levels of occludin, and that 
occludin levels were reduced by ~25% after 12 months of treatment, 
regardless of the line of treatment. However, occludin and ZO-1 did not 
correlate significantly with biomarkers of inflammation or clinical var-
iables. Neither occludin nor ZO-1 were able to predict clinical disease 
activity (new relapses) or MRI disease activity (new or enlarging T2 or 
Gd-enhancing lesions) at baseline or the 12-months visit. 

Only few previous studies have addressed circulating levels of tight 

Table 2 
Clinical and MRI measures of disability and disease activity at baseline and 
follow-up.   

n Baseline n 12 months p- 
value 

EDSS, (median, (IQR)) 72 2.0 
(1.0–3.0) 

70 1.5 
(1.0–2.0) 

0.664 

Relapse rate, (mean ±
SEM) 

72 1.4 ± 0.08 70 0.30 ± 0.07 <0.001 

Gdþ lesions, (mean ±
SEM) a 

67 1.1 ± 0.4 65 0.18 ± 0.07 0.003 

New clinical relapses,% – N.A. 70 24% N.A. 
New or enlarging T2 

lesions,% 
– N.A. 70 37% N.A. 

NEDA,% – N.A. 70 34% N.A. 

Data are analyzed by Wilcoxon signed rank test. Relapse rate is the mean annual 
number of relapses; at baseline it is the year prior to inclusion, and at 12 months 
follow up it is the following year. EDSS: expanded disability status scale, Gd+
lesions: mean number of gadolinium-enhancing lesions, NEDA: no evidence of 
disease activity (i.e. absence of new relapses, absence of new or enhancing MRI 
lesions and absence of EDSS worsening at 12 months follow-up), N.A.: not 
applicable. IQR: interquartile range, SEM: standard error of the mean. 

a 5 patients did not receive gadolinium-infusion at baseline and at 12 months 
MRI. 

Fig. 1. Plasma levels of occludin and ZO-1 in MS patients vs. HCs A) Occludin 
levels in MS patients vs. HCs. B) ZO-1 levels in MS patients vs. HCs. Boxplots 
display median, inter quartile range, minimum and maximum. Each dot rep-
resents an individual value. *p<0.05 by analysis of covariance (ANCOVA), 
adjusting for sex, age, BMI and smoking status. ZO-1: zonula occludens-1, ns: 
non-significant, MS: multiple sclerosis, HCs: healthy controls. 

Table 3 
Percentage change of biomarkers from baseline to 12 months follow up in MS 
patients.   

Pair, 
n 

Mean 
difference 

95% CI p- 
value 

q-value 

ZO-1 53 - 6% [− 14 to 3] 0.200 ns. 
Occludin 49 - 25% [− 30 to 

− 19] 
<0.001 FDR<5% 

Calprotectin 24 - 29% [− 43 to 
− 11] 

0.005 FDR<5% 

suPAR 32 - 6% [− 11 to 0] 0.052 ns. 
NfL 49 - 31% [− 41 to 

− 19] 
<0.001 FDR<5% 

IL-6 40 7% [− 10 to 27] 0.455 ns. 
IFNG 39 - 19% [− 44 to 17] 0.260 ns. 
TNF 39 - 0.4% [− 10 to 10] 0.933 ns. 
IL1B 39 9% [− 3 to 22] 0.158 ns. 
IL1R1 38 - 11% [− 22 to 1] 0.069 ns. 
ARG1 39 - 4.5% [− 18 to 12] 0.562 ns. 
IL10 39 15% [− 1 to 34] 0.061 ns. 

Data were analyzed by paired samples t-test. Data were log10-transformed 
during statistical analysis. Here the back-transformed mean percentage differ-
ence (%) and 95% CI are presented. q-values indicate significance level after 
false discovery rate correction of 5% (FDR<5%). 
ZO-1: zonula occludens-1, NfL: neurofilament light chain, IFNG: interferon- 
gamma, ARG1: arginase 1, 
IL: interleukin, IL1R1: IL-1 receptor type 1, IL1B: IL-1 beta, TNF: tumor necrosis 
factor, suPAR: soluble urokinase-type plasminogen activator receptor, ns.: non- 
significant. 
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junction proteins in MS patients compared with HCs. Our results both 
confirm and contradict previous studies. A recent study showed that 
serum levels of occludin, claudin-5 and ZO-1 were higher in MS patients 
compared with HCs (Annunziata et al., 2018). Furthermore, a pro-
nounced reduction of all measured tight junction proteins by 70–75% 
was observed after 12 months of treatment with fingolimod. These re-
ductions were noticeable larger than the ones we observed for occludin, 
and contrast with our non-significant findings for ZO-1. However, our 
patients received different treatments and only 4 patients received fin-
golimod, which might have influenced the results. We are not aware of 
the exact mechanisms influencing epithelial/endothelial barrier func-
tion of the specific DMTs, but our results regarding occludin do not 
indicate any substantial difference between 1st line and 2nd line DMTs. 
The reduction of circulating levels of tight junction proteins might be 
due to a repair of the epithelial/endothelial barriers affected in MS and 
could possibly represent a biomarker of BBB repair, as suggested by 
Annunziata et al. (2018). Our results somewhat support this theory as 
number of Gd-enhancing lesions were significantly decreased after 12 
months, similarly to the occludin levels. In addition, active patients with 
Gd-enhancing MRI lesions at baseline had higher levels of occludin 
compared with HCs. On the other hand, occludin levels between active 
and inactive MS, or between inactive MS and HCs did not differ signif-
icantly and there was no correlation between occludin levels and 
number of Gd-enhancing lesions at baseline or 12 months follow-up. 
This might be explained by confounding by treatment or simply due 
to small sample size and heterogeneity regarding the different DMTs at 
the follow-up visit. 

Studies on MS brains have shown that both active lesions and normal 
appearing white matter have abnormal expression of occludin and ZO-1 
(Kirk et al., 2003). However, tight junctions are not exclusively localized 
in the endothelial cells of the BBB but are also present in tissues such as 
the renal tubules, pulmonary tract and the intestinal barrier where there 
are large amounts of cell linings with tight junctions (Faraquhar and 
Palade, 1963). While increased permeability of the BBB is a hallmark of 
active MS lesions (Compston and Coles, 2008; Rahman et al., 2018), 
increased intestinal permeability have just recently been demonstrated 
in MS patients and suggested to be involved in the MS pathogenesis 
(Camara-Lemarroy et al., 2018; Buscarinu et al., 2017). In a recent 
study, plasma ZO-1 and occludin levels were increased in MS patients 
compared with healthy controls (HCs) and were higher in active MS 
patients (Gd+) compared with inactive (Gd− ). Furthermore, ZO-1 and 
occludin correlated positively with zonulin, which is considered as a 
biomarker for intestinal permeability (Camara-Lemarroy et al., 2019). 
However, the commercial ELISA kits used for the detection of zonulin 

have been criticized due to specificity problems (Massier et al., 2020); 
hence, the latter results must be interpreted with caution. Overall, 
occludin and ZO-1 has mainly been considered as biomarkers of the BBB 
integrity in MS patients and have primarily been assessed postmortem, 
in-vitro or in animal models of MS. Studies in other diseases such as 
inflammatory bowel diseases and neuromyelitis optica spectrum disor-
ders (NMOSD) suggest that tight junction proteins also serve as bio-
markers of permeability of the intestinal epithelial barrier (Wyatt et al., 
1993; Landy et al., 2016; Cui et al., 2020). A recent study on mucosal 
biopsies from the sigmoid colon of NMOSD patients showed that the 
expression of tight junction proteins was decreased and that the intra-
epithelial space was larger compared with HCs (Cui et al., 2020). 
Furthermore, in both MS and NMOSD patients alterations of gut 
microbiota composition has been described (Cui et al., 2020; Melbye 
et al., 2019). 

Apart from the main findings in this present study, we found a 
prominent reduction of serum NfL levels by 51% in MS patients treated 
with 2nd line DMT. Compared with previous studies on blood levels of 
NfL this was higher than previously shown (Delcoigne et al., 2020). 
However, our results on NfL were not stratified on the specific DMTs or 
adjusted for baseline disease activity, and therefore indication bias 
might have influenced the results. This can be exemplified by the fact 
that patients with more active disease are initiated on more effective 2nd 
line DMTs. NfL is a biomarker of neuroaxonal damage and is associated 
with both MRI and clinical disease activity in MS (Kuhle et al., 2019). 
Considering that the disease activity in our cohort was significantly 
reduced after 12 months of DMT, the reduction of serum NfL was ex-
pected. Another contributing factor to the decrease in biomarkers of 
inflammation as well as in occludin levels might be the phenomenon of 
“regression to the mean”, as almost all (97%) of the included newly 
diagnosed patients had experienced at least 1 clinical relapse the year 
prior to inclusion. 

IFNG expression and calprotectin levels were also reduced after 12 
months on DMT. Calprotectin is a biomarker of innate immune activa-
tion that often is used as a biomarker of inflammation in inflammatory 
bowel disease (Kalla et al., 2016). We have recently shown that serum 
calprotectin levels were higher in active MS compared with inactive MS 
(Olsson et al., 2020); hence, the reduction in calprotectin levels was also 
anticipated. IFN-gamma, encoded by the IFNG gene, is a 
pro-inflammatory cytokine which is known to be associated with the 
inflammatory state in active MS patients, as well as with intestinal 
inflammation in inflammatory bowel disease (Langer et al., 2019; Pan-
itch et al., 1987). The observed reduction of IFNG after 12 months 
treatment is therefore in line with the other results and the decreased 

Table 4 
Change in biomarkers from baseline to 12 months, stratified on disease modifying treatment.   

MS patients in 1st line DMT MS patients in 2nd line DMT  

n Mean difference (95%CI) p-value q-value n Mean difference (95%CI) p-value q-value 

ZO-1 29 - 3% [− 14 to 10] 0.653 ns. 20 - 12% [− 24 to 2] 0.087 ns. 
Occludin 25 - 26% [− 35 to − 16] <0.001 FDR<5% 20 - 24% [− 31 to − 17] <0.001 FDR<5% 
Calprotectin 12 - 30% [− 50 to − 1] 0.044 ns. 9 - 32% [− 58 to 9] 0.097 ns. 
suPAR 19 - 4% [− 11 to 3] 0.238 ns. 10 - 5% [− 16 to 7] 0.343 ns. 
NfL 28 - 18% [− 30 to − 5] 0.011 ns. 17 - 51% [− 65 to − 31] <0.001 FDR<5% 
IL-6 21 19% [− 9 to 55] 0.190 ns. 15 - 7% [− 30 to 23] 0.567 ns. 
IFNG 20 - 39.5% [− 60 to − 8] 0.021 ns. 15 6% [− 48 to 114] 0.867 ns. 
TNF 20 - 3% [− 17 to 14] 0.716 ns. 15 2% [− 10 to 16] 0.744 ns. 
IL-1B 20 11% [− 9 to 34] 0.283 ns. 15 4% [− 12 to 23] 0.604 ns. 
ILR1 20 - 8% [− 26 to 14] 0.418 ns. 15 - 12% [− 27 to 6] 0.153 ns. 
ARG1 20 - 7% [− 29 to 20] 0.547 ns. 15 1% [− 17 to 22] 0.941 ns. 
IL10 20 18% [− 3 to 43] 0.088 ns. 15 20% [− 11 to 61] 0.210 ns. 

1st line DMT includes: teriflunomide (n = 25), dimethyl fumarate (n = 12), glatiramer acetate (n = 2), peginterferon beta-1a (n = 1). 
2nd line DMT includes: fingolimod (n = 4), natalizumab (n = 3), ocrelizumab/rituximab (n = 9), ofatumumab (n = 3), daclizumab (n = 1), cladribin (n = 3). 
Data were analyzed by paired samples t-test. Mean percentage difference (%) and 95% CI are presented. q-values indicate significance level after false discovery rate 
correction of 5% (FDR<5%), by the Benjamini-Hochberg method. Changes in treatment of 8 patients before month 12 are not incorporated in this data, sensitivity 
analyses including these did not change the results. ZO-1: zonula occludens-1, NfL: neurofilament light chain, IFNG: interferon-gamma, ARG1: arginase-1, IL: 
interleukin, IL1R1: IL-1 receptor type 1, IL1B: IL-1 beta, TNF: tumor necrosis factor, suPAR: soluble urokinase-type plasminogen activator receptor, ns.: non-significant. 

A. Olsson et al.                                                                                                                                                                                                                                  



Multiple Sclerosis and Related Disorders 54 (2021) 103136

6

disease activity. Taking into consideration that increased epi-
thelial/endothelial permeability may be present concurrently with 
inflammation we found surprisingly few correlations between the 
measured tight junction proteins and biomarkers of inflammation. We 
found a nominally significant inverse correlation between occludin and 
IL10 in MS patients at baseline. IL-10 is an anti-inflammatory cytokine 
that has been shown to counteract inflammation by decreasing 
pro-inflammatory cytokine expression (Göbel et al., 2018). 

The major strengths of this study are the prospective study design 
and that MS patients were newly diagnosed and with no prior DMT use 
at inclusion. All patients and HCs were fasting at blood sampling. MRI 
was performed on the same 3T MR machine and evaluated by the same 
neuroradiologist at baseline and month 12. However, we did not have a 
second independent cohort, which could have reproduced and validated 
our findings that did not withstand correction for multiple testing. 
Furthermore, we cannot rule out that the sample size was too small and 
heterogeneous to detect predictive potentials for occludin and ZO-1 for a 
certain subgroup of patients. In addition, clarification of the specific 
origin of the circulating tight junction proteins would require more 
specific tests, such as lactulose/mannitol test and immunohistochem-
istry of intestinal biopsies combined with blood samples and MRI. 

In conclusion, our results demonstrate that newly diagnosed, treat-
ment-naïve MS patients have higher levels of occludin compared with 
HCs, supporting the theory of an increased permeability of the BBB and/ 
or the intestinal barrier in MS patients. Moreover, occludin levels were 
significantly reduced after 12 months of treatment, irrespective of the 
line of treatment, which might reflect a repair of these barriers upon 
treatment or regression to the mean in an initially active patient group. 
None of the measured tight junction proteins predicted disease activity 
at baseline or after 12 months follow-up. Therefore, our results do not 
indicate a clinically relevant role for using circulating levels of occludin 
or ZO-1 as biomarkers of disease activity or barrier permeability in MS 
patients. The interactions between barrier function, tight junctions and 
immune activation in MS are complex and warrants further in-
vestigations to better understand the implications for MS pathogenesis. 
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Hedström, A.K., Bäärnhielm, M., Olsson, T., Alfredsson, L., 2009. Tobacco smoking, but 
not Swedish snuff use, increases the risk of multiple sclerosis. Neurology 73, 
696–701. 

Olsson, A., et al., 2020. Biomarkers of inflammation and epithelial barrier function in 
multiple sclerosis. Mult. Scler. Relat. Disord. https://doi.org/10.1016/j. 
msard.2020.102520. 

Olsson, A., et al., 2021. Serum short-chain fatty acids and associations with inflammation 
in newly diagnosed patients with multiple sclerosis and healthy controls. Front. 
Immunol. 12. 

Kirk, J., Plumb, J., Mirakhur, M., McQuaid, S., 2003. Tight junctional abnormality in 
multiple sclerosis white matter affects all calibres of vessel and is associated with 
blood-brain barrier leakage and active demyelination. J. Pathol. 201, 319–327. 

Faraquhar, M.G., Palade, G.E., 1963. Junctional complexes in various epithelia. J. Cell 
Biol. 17, 375–412. 

Rahman, M.T., et al., 2018. IFN-γ, IL-17A, or zonulin rapidly increase the permeability of 
the blood-brain and small intestinal epithelial barriers: relevance for neuro- 
inflammatory diseases. Biochem. Biophys. Res. Commun. 507, 274–279. 

Buscarinu, M.C., et al., 2017b. Altered intestinal permeability in patients with relapsing- 
remitting multiple sclerosis: a pilot study. Mult. Scler. 23, 442–446. 

Camara-Lemarroy, C.R., et al., 2019. Biomarkers of intestinal barrier function in multiple 
sclerosis are associated with disease activity. Mult. Scler. J. https://doi.org/ 
10.1177/1352458519863133. 

Massier, L., Chakaroun, R., Kovacs, P., Heiker, J.T., 2020. Blurring the picture in leaky 
gut research: how shortcomings of zonulin as a biomarker mislead the field of 
intestinal permeability. Gut 0, 1–2. 

Landy, J., et al., 2016. Tight junctions in inflammatory bowel diseases and inflammatory 
bowel disease associated colorectal cancer. World J. Gastroenterol. 22, 3117–3126. 

Cui, C., et al., 2020. Intestinal barrier breakdown and mucosal microbiota disturbance in 
neuromyelitis optical spectrum disorders. Front. Immunol. 11, 1–15. 

Melbye, P., Olsson, A., Hansen, T.H., Søndergaard, H.B., Bang Oturai, A., 2019. Short- 
chain fatty acids and gut microbiota in multiple sclerosis. Acta Neurol. Scand. 139, 
208–219. 

Delcoigne, B., et al., 2020. Blood neurofilament light levels segregate treatment effects in 
multiple sclerosis. Neurology 94, e1201–e1212. 

Kuhle, J., et al., 2019. Blood neurofilament light chain as a biomarker of MS disease 
activity and treatment response. Neurology 92, e1007–e1015. 

Kalla, R., et al., 2016. Serum calprotectin: a novel diagnostic and prognostic marker in 
inflammatory bowel diseases. Am. J. Gastroenterol. 111, 1796–1805. 

Langer, V., et al., 2019. IFN-γ drives inflammatory bowel disease pathogenesis through 
VE-cadherin–directed vascular barrier disruption. J. Clin. Invest. 129, 4691–4707. 

Panitch, H.S., Haley, A.S., Hirsch, R.L., Johnson, K.P., 1987. Exacerbations of multiple 
sclerosis in patients treated with gamma interferon. Lancet 329, 893–895. 
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