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Abstract  

Background: High Temperature Requirement Serine Protease A1 (HTRA1) degrades extracellular matrix 

molecules (ECMs) and growth factors. It interacts with several proteins implicated in multiple sclerosis (MS), 

but has not previously been linked to the disease. 

Objective: Investigate the levels of HTRA1 in cerebrospinal fluid (CSF) in different subtypes of MS and brain 

tissue. 

Methods: Using ELISA, HTRA1 levels were compared in CSF from untreated patients with relapsing-remitting 

MS (RRMS, n=23), secondary progressive MS at baseline (SPMS, n=26) and healthy controls (HCs, n=26). The 

effect of disease modifying therapies (DMT) were examined in both patient groups. Cellular distribution in human 

brain was studied using immunochemistry and the oligointernode database, based on a single-nuclei RNA 

expression map. 

Results: HTRA1 increased in RRMS and SPMS compared to HCs. DMT decreased HTRA1 levels in both types 

of MS. Using ROC analysis, HTRA1 cut-offs could discriminate HCs from RRMS patients with 100% specificity 

and 82.6% sensitivity. In the brain, HTRA1 was expressed in glia and neurons.  

Conclusion: HTRA1 is a promising CSF biomarker for MS correlating with disease and disability progression. 

Most cell species of the normal and diseased CNS express HTRA1 and the expression pattern could reflect 

pathological processes involved in MS pathogenesis. 

 

Key words: HTRA1, cerebrospinal fluid, biomarker, dimethyl fumarate, mitoxantrone, secondary progression, 

multiple sclerosis, degeneration 
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Introduction  

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) with 

degenerative features [11]. It is the most common non-traumatic cause of neurological disability in young 

adults, and common in the Nordic countries [6]. The early phase is usually relapsing-remitting MS (RRMS), 

consisting of transient periods of new or worsening neurological symptoms. After 10-30 years, the disease often 

turns into secondary progressive MS (SPMS), which is characterized by slow a progression of neurological 

symptoms with or without superimposed relapses [6, 11] . Treatment with disease modifying therapies (DMTs) 

may delay or even prevent the conversion from RRMS to SPMS [5]. Soluble biomarkers that could predict 

disease onset, DMT response and conversion to progressive MS would improve MS care. Some of the most 

promising MS biomarkers in blood or CSF  are chitinase 3-like 1 and 2, neurofilament light chain (NF), 

chemokine (C-X-C motif) ligand 13 (CXCL13), and glial fibrillary acidic protein (GFAP) [23, 33].  

HTRA1 is a 51 kDa enzyme belonging to the trypsin-like serine protease family [8]. HTRA1 degrades a large 

number of extracellular matrix molecules (ECMs), thus being central to ECM homeostasis, turnover, intercellular 

adhesion, and cell migration [21, 24]. It also digests growth factors, such as fibroblast growth factor 8 (FGF8) and 

18 (FGF18) [12] . 

HTRA1 is present in the brain, but its function is poorly understood. It is known that HTRA1 supports neural 

outgrowth and astrocyte migration while modulating immune responses [7]. It was recently shown that 

interferon gamma (INF-γ) inhibits HTRA1 expression, and we have demonstrated that the cytokine macrophage 

migration inhibitory factor (MIF) inhibits the enzymatic activity of HTRA1 [12, 17].  HTRA1 has been linked to 

several diseases such as arthritis, macular degeneration, cerebral autosomal recessive arteriopathy with 

subcortical infarcts and leukoencephalopathy (CARASIL) and Alzheimer’s disease [14, 15, 29], but not 

previously to MS.  

In this study, the levels of HTRA1 were determined in the CSF from patients with RRMS and SPMS as well as 

in healthy controls (HCs). We also investigated the potential of HTRA1 as a biomarker for diagnosis and 

prognosis. Using immunohistochemistry and the oligointernode data we examined the cellular distribution of 

HTRA1 in the human brain.  
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Materials and Methods  

Subjects and clinical assessment  

To investigate HTRA1 in the CSF, we used three different study cohorts previously utilized by Sejbaek et al 

2019 and Axelsson et al 2011 & 2014 [3, 4, 27]. The samples were collected in accordance with the consensus 

protocol of the BioMS-eu network for biomarkers research in MS [31] and approved by the Regional Ethical 

Boards (EudraCT 2014-000254-11, Dnr 2005:253.). All patients provided informed and written consent in 

accordance with the Declaration of Helsinki. Samples were stored at -80oC until the analysis was performed.  

The samples from RRMS patient and HCs were obtained from University Hospital Odense (OUH) and part of 

the TREMEND (Tecfidera in Relapsing-Remitting Multiple Sclerosis: Endothelial Dysfunction) prospective 

open label phase IV trial [27]. The RRMS patients (n=23) were newly diagnosed and for some (n=13) the CSF 

samples were obtained before and after one year of treatment with dimethyl fumarate (DMF - Tecfidera®) (480 

mg/day). HCs were subjects without symptoms or signs of neurological disease and all had normal magnetic 

resonance imaging  (MRI) and CSF results [27]. The samples from Patients with RRMS: were approved by the 

regional Committee of Health Research Ethics (S-20140015HLP/csf), the Danish Health and Medicines 

Authority (2014013769) and the European Clinical Trials Database (2014-000254-11). 

SPMS samples were obtained from Sahlgrenska University Hospital, Gothenburg, Sweden. Before treatment 

initiation, the SPMS patients were part of two previously studied cohorts [3, 4]. In the first cohort the SPMS 

patients (n=10) had not received DMTs 6 months before their examination [4]. In the second cohort of SPMS 

patients (n=16) the patients were either treatment naïve or had received DMT [3]. Some samples from the 

second cohort were obtained before and after two years of treatment with mitoxantrone (n=13) (MTX - 

Novatrone®) (12 mg/m2 i.v. at 3-months intervals). The samples from patients with SPMS: were approved by 

the regional committee of health and research ethics in Uppsala, Sweden: Dnr 2005:253. Demographic data and 

clinical characteristics of the patients and HCs are shown in Table 1.  
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Table 1: Demographics of the study participants from both RRMS and SPMS patients. Age and disability 

(EDSS) were significantly higher in SPMS cohorts compared with that of RRMS and HCs. The gender distribution 

for the SPMS group significantly differed from that of the HCs and the RRMS. The disease duration was 

significantly higher in SPMS compared to the RRMS. No other significant differences were found. 

 

 

 Healthy 

controls 

RRMS 

patients 

baseline 

RRMS 

patients 

follow-up 

SPMS 

patients 

baseline 

SPMS patients 

follow-up 

Numbers (n) 26 23 13 26 18 

Sex (F/M, (% female) 22/4 (85) 18/5 (78) 11/2 (85) 12/14 (46)a 6/12 (33)c, d, e 

Age (years, mean ± SD) 40.8 ± 12,1 33.2 ± 8,4 34.4 ± 9.9 49.6 ±10.7a, b 45.9 ± 11.5c 

EDSS score (mean ± SD) NA 1.8 ±1,0 1.5 ±0,7 5.0 ± 2,0b 5.8 ±1,6ccc 

Disease duration (years, mean ±) NA 0 ±0 1±0 14.32 ±8.056b, f 10.38 ±7.402cc, ee 

Treatment type NA NA DMF NA MTX 

Duration of treatment (years) NA NA 1 NA 2 

p value HCs vs. SPMS at baseline: a p < 0.05 

p value RRMS at baseline vs. SPMS at baseline: b p < 0.0001 

p value RRMS at follow-up vs. SPMS at follow-up: c p < 0.05, cc p = 0.0001, ccc p < 0.0001 

p value HCs vs. SPMS at follow-up: d p < 0.0001 

p value RRMS at baseline vs. SPMS at follow-up: e p < 0.05, ee p < +0.0001 

p value RRMS follow-up vs. SPMS baseline: f p < 0.0001 

DMF: Dimethyl fumarate, MTX: Mitoxatrone 

 

 

HTRA1 ELISA 

The HTRA1 ELISA was modified from Soo et al. 2015 [30]. Thermo Fisher® Maxisorb plates were used and 

the Tween-20 (Millipore, S7514484-809) concentration was increased to 1% in the washing solution. The 

coating antibody used was polyclonal HTRA1 antibody (1 µg/ml) (AF2916, R&D), while the detection antibody 

was a mouse monoclonal anti-HTRA1 antibody (0.5 µg/ml) (MAB2916, R&D). Mouse IgG HRP linked whole 

antibody was used as secondary antibody (GE healthcare Life Sciences, NA931).  
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The standard curve was made using human recombinant HTRA1 (RP-77538, Thermo Fisher Scientific) in a 2-

fold serial dilution starting at 200 ng/ml and with a lower limit of quantification at 3.125 ng/ml. The plates were 

incubated with undiluted CSF (100 µl/well) and standards for 2 hours at room temperature. All samples were 

run in a blinded fashion as duplicates. 

The respective intra- and interpolate coefficients of variation were 10.25% and 4.78%, across all plates used to 

measure HTRA1 levels. 

 

Frozen human brain sections 

After informed consent, brain tissue was obtained from two female patients age 61 and 71 years old (VEK: S-

20130048, 18/38918). Both patients had heterogenous contrast enhancing subcortical tumors covered with intact 

brain parenchyma. During tumor surgery, samples from this tumor-overlaying intact brain tissue were obtained. 

Histopathological investigations confirmed the preoperative presumed glioblastoma diagnosis.  

The tissue was immersed in 4% PFA overnight and washed in PBS. The tissue was then submerged in PBS 

containing 20% sucrose overnight and snapfreezed. The tissue was cut into parallel serial 30 µm-thick sections 

on a cryostat. Sections were stored at -20oC until further processing.  

 

Immunohistochemistry  

Heat-induced epitope retrieval was performed in 10 mM sodium citrate buffer, pH 6, 30 minutes. The sections 

were washed in Tris-buffered saline, pH 7.4 and autofluorescence bleached by immersing in 70% ethanol, 5 

minutes, followed by autofluorescence Eliminator Reagent (EMD Millipore, 2160) for 5 minutes. The sections 

were quickly dipped in 70% ethanol and washed three times in TBS and three times in TBS pH 7.4 containing 

0.1% triton (TBST). Non-specific binding was blocked using goat- or fetal bovine serum containing TBST 

depending on the antibodies used. Primary antibodies diluted in 0.25% BSA or goat sera and HTRA1 (Abcam, 

ab38610) (1:400), GFAP (Abcam, ab4674) (1:1000), (1:2000), NeuN (Merck Millipore, MAB377) (1:500) or 

NG2 (Merck Millipore, MAB5384) (1:500) were incubated at 4oC overnight. The sections were then washed twice 

in TBS, three times in TBST, and incubated with the secondary antibody diluted 1:1000 in 0.25% BSA or goat 

sera (Alexa-488 donkey anti-rabbit (Invitrogen, A21206), alexa-594 goat anti-mouse (Invitrogen, A11005), alexa-

594 goat anti-rat (Invitrogen, A11007) and RRX donkey anti-chicken (Jackson Immuno Research, 703-295-155) 

for 3 hours at RT. This was followed by one wash and visualization of the nuclei with 10 µM DAPI (Merck, 
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D9542) in TBS. Finally, the sections were washed in TBS, dipped in water and mounted using fluorescence 

mounting media (DAKO, S3023). Sections were examined using single photon laser confocal microscopy 

(Olympus FV1000). Pictures were taken with a 20x 0>.095 objective and a Kahlman filter and further examined 

at 3X zoom.  

Single-nuclei RNA-seq MS database  

The oligointernode database (https://castelobranco.shinyapps.io/MSCtrl_CCA_18/) from Jäkel et al. 2019 [20], 

based on white matter lesions from 4 progressive MS patients and white matter from 5 non-neurological 

controls was used to study the single nuclei t-distributed Stochastic Neighbor Embedding (tSNE) plot and 

expression counts for HTRA1.  

 

Statistical analyses 

Statistical analyses were performed using the GraphPad prism software (version 8.0).  Data is shown as mean ± 

SD. A p-value less than 0.05 was considered statistically significant. Group comparisons between normally 

distributed results were tested using unpaired t-test with or without Welch’s correction depending on differences 

in SD between groups. The Mann-Whitney rank test was used to compare groups that did not follow Gaussian 

distribution. Correlations between HTRA1 levels and EDSS were tested using a multiple linear regression analysis 

accounting for the co-variates age, gender and disease duration. For Receiver Operating Characteristic (ROC) 

curve analyses 0.9 ≤ Area Under the Curve (AUC) ≤ 1.0 were considered as an excellent performance of the test, 

while AUC ≤ 0.75 were considered as a poor performance of the test. The cut-off was defined as the value 

maximizing the Youden index.  
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Results  

HTRA1 concentrations in CSF were significantly increased in MS patients and increased with disease 

progression  

The levels of  HTRA1 were significantly increased in the CSF of both treatment naïve RRMS patients and patients 

with SPMS at baseline, compared to HCs (5.87 ± 1.85 ng/ml vs. 3.59 ± 0.60 ng/ml, p<0.0001 and 8.54 ± 3.33 

ng/ml vs. 3.60 ± 0.60 ng/ml, p<0.0001 respectively) (Figure 1). HTRA1 was also significantly higher in SPMS 

patients at baseline compared to treatment naïve RRMS patients (8.54 ± 3.33 ng/ml vs. 5.87 ± 1.85 ng/ml, 

p=0.0011) (Figure 1).  

 

HTRA1 concentrations in CSF decreased after treatment with DMF and MTX 

One-year of DMF treatment reduced the mean HTRA1 levels in the CSF of patients with RRMS from 5.87 ± 1.85 

ng/ml to 2.77 ± 1.65 ng/ml, (p<0.0001). i.e. concentrations similar to those found in HCs (Figure 1). Two-year 

treatment with MTX also reduced the mean HTRA1 concentration in the CSF of patients with SPMS from 8.54 ± 

3.33 ng/ml to 5.64 ± 2.86 ng/ml, (p =0.0044) (Figure 1). In contrast to RRMS, the HTRA1 levels in SPMS still 

remained higher compared to HCs; 5.64 ± 2.86 ng/ml vs. 3.59 ± 0.60  ng/ml, (p<0.001), and were also higher 

compared to RRMS patients treated with DMF; 5.64  ± 2.86 ng/ml vs. 2.77 ± 1.65 ng/ml (p<0.001).  
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Figure 1. HTRA1 concentrations in the CSF of HCs as well as RRMS and SPMS before and after treatment. 

HTRA1 increases in both RRMS and SPMS, but is decreased by treatments with both DMF and MTX. HTRA1 

was determined by ELISA before and after treatment with DMF (1-year treatment in RRMS) and MTX (2-year 

treatment in SPMS).  Mean ± S.D, unpaired t-tests with or with-out Welch correction or Mann-Whitey t test. 

Significance between groups are shown as: **: p = 0.01, ***: p = 0.001, ****: p< 0.0001. nHC= 26, nbaseline RRMS= 

23, n RRMS follow-up= 13, nbaseline SPMS= 26, nSPMS follow-up= 18. 

 

HTRA1 levels correlated with EDSS at baseline and after treatment 

Since HTRA1 levels increased with disease progression - as indicated by higher levels in SPMS vs RRMS - and 

decreased after treatment, we next examined the correlation between EDSS and HTRA1 concentrations, both at 

baseline and after treatments. For this, a multiple linear regression analysis was performed accounting for both 

gender, age and disease duration of the patients. The HTRA1 concentration correlated independently with EDSS  

at baseline (F(14, 29) = 4.444 , p = 0.0003) and at follow-up (F(14, 13) = 7.616, p = 0.0004) (Figure 2A and B). 

This was not the case for the change in HTRA1 concentration (ΔHTRA1) and EDSS (ΔEDSS) after treatments 

(F(14, 6) = 0.1885, p = 0.9952) (Figure 2C). 
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Figure 2. Correlation between EDSS and HTRA1 concentration in the CSF Showed that HTRA1 indeed correlate 

with EDSS scores. The multiple regression analyses between the EDSS and the concentration of HTRA1 (ng/ml) 

before (A) and after treatment (B), as well as between change of HTRA1 (ΔHTRA1) and EDSS (ΔEDSS) after 

treatment (C) are shown. Mean, nonparametric spearman correlation. nbaseline=44, nfollow-up= 28, nchange= 21. 

 

HTRA1 cut-off discriminated RRMS from healthy controls 

The observation that HTRA1 levels significantly increased in patients compared to HCs, prompted us to examine 

HTRA1 as a potential diagnostic biomarker for RRMS. When comparing HTRA1 levels in newly diagnosed, 

untreated RRMS patients to HCs, the ROC analysis showed an AUC at 0.903 (95% CI = 0.79 – 1.02). At a HTRA1 

concentration of 4.623 ng/ml, the sensitivity was 82.6% (95% CI=61. 2% - 95 %) and the specificity was 100% 

(95% CI = 86.8%-100%), suggesting that the HTRA1 levels in CSF are excellent for distinguishing between 

treatment-naïve early RRMS and HCs (Figure 3A).  

 

Figure 3. Sensitivity and specificity of HTRA1 to discriminate HCs from treatment naïve RRMS patients showed 
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and AUC of 0.903 (A) while the AUC of treatment naïve RRMS from SPMS patients at baseline was lower: 0.73 

(B). nHC = 26, nbaseline RRMS = 23. ROC: Receiver operating characteristics. 

 

HTRA1 cut-off did had limited value to discriminate RRMS from SPMS 

A ROC analysis was performed on the CSF levels of HTRA1 to evaluate HTRA1 as a discriminative  marker 

between treatment naïve RRMS and SPMS patients prior to MTX treatment. This resulted in an AUC at 0.73 

(95% CI = 0.6 - 0.87). At a HTRA1 concentration of 6.4 ng/ml, the sensitivity was only 69.2% (95% CI = 50%-

83.5%) and the specificity 69.6% (95% CI = 49.1%-84.4%) suggesting that the accuracy for HTRA1 cut off as a 

marker of stage-specific marker was limited  (Figure 3B).  

 

HTRA1 protein is highly expressed in astrocytes, neurons and oligodendrocyte progenitor cells within the 

healthy brain 

The HTRA1 expression in the human brain was investigated using immunochemistry. We observed clear co-

localization with GFAP expressing astrocytes, where HTRA1 was distinctly expressed in the cell soma (Figure 

4B, arrow). Many neurons also expressed HTRA1, that was localized to the nerve cell body (Figure 4A, arrows). 

Some HTRA1 expression was also present in neuronal processes (data not shown). HTRA1 was expressed by 

oligodendrocyte progenitors (NG2 labeling) in the white matter, observed both in perinuclear areas and in the 

processes (Figure 4C, arrows). We did not observe any co-localization between MBP and HTRA1 (data not 

shown), indicating that the HTRA1 expression decreases as oligodendrocytes mature. We did not find any co-

localization between HTRA1 and IBA1, suggesting HTRA1 is not expressed by microglia (data not shown).  
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Figure 4. HTRA1 expression in the human brain is localized to neurons, astrocytes and oligodendrocyte 

precursors (arrows denote labeled cells). Immunochemistry on 30 µm coronally parallel serial sections labeled 

with NeuN (Merck Millipore, MAB377) and HTRA1 (Abcam, ab38610) (first row), GFAP (Abcam, ab4674) and 

HTRA1 (Abcam, ab38610) (middle row), NG2 (Merck Millipore, MAB5384) and HTRA1 (Abcam, ab38610) 

(buttom row). Scale bare represents 50 µm. 

 

The cellular distribution and expression of HTRA1 mRNA increases in the brains of progressive MS patients 

After investigating HTRA1 expression in the human brain, we verified our data using the recently available 

oligointernode database [20] that contains the RNA expression  obtained from single-nuclei in brains from 

progressive MS patients and non-neurological controls. Figure 5 shows that the level of HTRA1 mRNA 
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expression is highly expressed in both astrocytes, neurons and almost all subspecies of oligodendrocytes 

identified. 

 

Figure 5. tSNE expression profile of HTRA1 in progressive MS brains normalized to non-neurological controls. 

HTRA1 single nuclei expression and cellular distribution from the Cluster Canonical Correlation Analysis (CCA) 

clustering of white matter tissue  from progressive MS patients and non-neurological, visualized using the oligo 

internode database [20]. 
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Discussion  

We found that HTRA1 was present in the CSF and that the levels were elevated in newly diagnosed, treatment 

naive RRMS patients compared to HCs. HTRA1 concentrations in CSF also correlated with EDSS and were 

higher in SPMS, suggesting that this protein may be connected to disability and disease progression. Treatment 

with DMT successfully decreased the HTRA1 concentration in RRMS patients to a level similar to that of HCs, 

while the levels observed in SPMS patients could only partly be reduced with DMT. 

The ROC analysis provided cut-offs that could separate RRMS from HCs with high sensitivity and 100% 

specificity, suggesting that HTRA1 may be a promising diagnostic marker of RRMS. However, although CSF 

levels were significantly higher in SPMS than RRMS ROC analysis of CSF HTRA1 levels  had a poor AUC value 

suggesting a limited value of HTRA1 to discriminate between MS phenotypes.  

While one-year treatment with DMF was able to normalize the CSF levels of HTRA1 in RRMS, the reduction 

was lower in SPMS treated with MTX. This may suggest that elevated HTRA1 levels in RRMS are mostly related 

to inflammation, but other mechanisms may also operate that give rise to HTRA1 release in CSF, especially in 

SPMS. Both DMTs exert their effects mainly on the immune system, where they reduce a number of immune 

cells, and modulate functions of  the surviving immune cell population [22, 25]. It was recently reported that 

HTRA1 expression is regulated by INF-γ, a cytokine known to induce and modulate an array of immune responses 

[16]. INF-γ has also been implicated in MS, though its role remains inconclusive [2, 17]. High levels of HTRA1 

were found in rheumatoid arthritis, where the inhibition of HTRA1, in mouse models decreased disease severity 

[17]. HTRA1 also increased the inflammatory response to oxidative stress and was involved in macrophage 

infiltration in age related macular degeneration [22].  

Low levels of HTRA1 are known to be present in neurons of several brain regions, as well as in astrocytes, 

oligodendrocytes and microglia in the human brain [10]. We found that astrocytes, oligodendrocyte precursors, 

and many cortical neurons expressed high levels of HTRA1 in the normal brain but could not find the protein in 

myelinating oligodendrocytes or microglia. Using the oligointernode database [19, 20], we found similar results 

in white matter of MS patients and non-neurological controls. Cluster Canonical Correlation Analysis (CCA 

clustering) based on single nucleus RNA sequencing showed that HTRA1 was highly expressed in neurons, 

astrocytes and several oligodendrocyte cell types in the white matter, the cells that also express HTRA1 in the 

normal human brain.  
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The high CSF levels of HTRA1 in SPMS patients may reflect an increased production of HTRA1 by CNS resident 

cells, due to disease progression, as a result of neurodegeneration, manifested as neuronal cell death, Wallerian 

degeneration, and astrogliosis [26]. We could not find any correlation between NF and HTRA1 in RRMS or SPMS 

patients (Supplementary Figure 1S), suggesting that the increased levels of HTRA1 are not directly correlated 

with axonal damage.  

Although high  HTRA1 RNA expression by oligodendrocyte populations was recently detected in the progressive 

MS brain [20], we could not find a co-localization of the HTRA1 protein with mature oligodendrocytes in healthy 

brain tissue. This may imply that the distribution of HTRA1 is changed in MS.  It may also indicate astrocytes as 

the cellular source of the HTRA1 in CSF. In active lesions, astrocytes phagocytose myelin and recruit immune 

cells by the secretion of a plethora of factors [18]. With the progression of MS, astrocytes become reactive, 

forming glial scars around plaques [1]. GFAP also increases with disease severity in a manner similar to HTRA1 

[4]. The increase of HTRA1 may be connected to the increased role of astrogliosis in advanced disease [1].   

The ECM is altered inside MS plaques and considered an important remyelination-inhibiting factor in chronic 

lesions [32]. HTRA1 digests ECM components as chondroitin sulphate proteoglycans and fibronectin, proteins 

known to accumulate in demyelinating lesions in MS patients and inhibit remyelination [28]. A chronic high level 

of HTRA1 may therefore prevent fibronectin dependent degeneration and promote remyelination [13]. We have 

also found that HTRA1 digest growth factors as FGF 8 and 18, that are involved in astrocyte migration as well as 

oligodendrocyte precursor differentiation [9, 12]. 

In conclusion, HTRA1 levels in CSF were increased in MS, and its role as a potential diagnostic marker warrant 

further studies. Highest levels were detected in progressive MS and HTRA1 significantly correlate with disability. 

Two immunotherapies were able to decrease the elevated CSF levels suggesting that HTRA1 may reflect 

treatment responses. These should be addressed in additional studies with higher numbers of patients. The HTRA1 

protein was co-localized with astrocytes in the normal white matter tissue, suggesting that the increased  levels of 

HTRA1 in both RRMS and SPMS may reflect astrocyte involvement in immunological processes and potentially 

astrogliosis. In addition, expression of HTRA1 RNA by a wide range of oligodendrocytes and OPCs in the MS 

brain could indicate additional roles among pathological conditions. Increased level of HTRA1 in MS may affect 

both myelination and ECM production, in the CNS.  Thus, the role of HTRA1 in the pathogenesis of MS need to 

be further explored.  
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Supplementary material 

Methods and materials 

Correlation between neurofilament light chain and HTRA1 in CSF from MS patients 

As the levels of NFl has previously been investigated in the same patient samples included in this study, two-

tailed non-parametric Spearman correlation analyses were used to investigate the correlation between the two 

proteins. A p-value less than 0.05 were considered statistically significant. 

 

Results 

There is no correlation between HTRA1 and NFl in MS patients 

The levels of NFl have previously been investigated in the same groups of RRMS and SPMS samples used for 

this paper. Sejbaek et al 2019 showed that NFl was increased in the treatment naïve RRMS patients but decreased 

after 1 year of DMF treatment (15). On the other hand, Axelsson et al 2011(14), found that NFl levels were not 

significantly changed in SPMS patients compared with controls and had no relationship to disability or 



 21 

progression. This prompted us to make a correlation analysis between HTRA1 and NFl in both RRMS and SPMS 

patients. We found no correlation between HTRA1 and NFl in either disease stage (Figure 1S). 

 

 

 

Figure 1S: Correlation between NFl and HTRA1 levels in CSF from RRMS and SPMS patients at baseline (A 

and C) and follow-up (B and D). Mean, nonparametric spearman correlation. nRRMS, baseline: 21, nRRMS, follow-up: 13, 

nSPMS, baseline: 12, nSPMS, follow.up: 9. 

 

 


