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T-cell activation marker sCD27 is associated
with clinically definite multiple sclerosis in
childhood-acquired demyelinating syndromes
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Abstract

Background: Cerebrospinal fluid (CSF) levels of T-cell activation marker soluble CD27 (sCD27) are
associated with subsequent disease activity after a first attack of suspected MS in adults. The predictive
value for disease course in children with acquired demyelinating syndromes (ADS) is unknown.
Objectives: To assess the predictive value of sCD27 levels for clinically definite multiple sclerosis
(CDMS) diagnosis in childhood ADS.

Methods: Children <18 years with a first demyelinating event were prospectively included and followed.
Soluble CD27 was determined in CSF using an enzyme-linked immunosorbent assay (ELISA). Cox
regression analyses were used to calculate hazard ratios (HRs) for CDMS.

Results: A total of 94 ADS children were included (ADS with encephalopathy (ADS+) n=33 and ADS
without encephalopathy (ADS—) n=61). Of the 61 ADS— children, 21 (48%) were diagnosed with CDMS
during follow-up. At baseline, sCD27 levels were higher in patients with a future CDMS diagnosis
(n=29) than in monophasic ADS+ (n=30), monophasic ADS— (n=28) and relapsing non-MS patients
(n=7; p<0.001). In ADS- patients, sCD27 was associated with CDMS (HR=1.8 per 100 U/mL increase
in sCD27 levels, p=0.031), after adjustments for age, oligoclonal bands and the presence of dissemina-
tion in space on baseline magnetic resonance imaging (MRI).

Conclusion: CSF sCD27 levels at first attack of demyelination were associated with CDMS diagnosis in
children. This makes sCD27 a potential clinically relevant quantitative marker when performing routine
CSF diagnostics.
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Introduction dren who will have an active disease course is impor-

Clinical manifestations of acute onset inflammatory
demyelinating disease of the central nervous system
(CNY) in children are termed acquired demyelinating
syndromes (ADS).!2 ADS encompasses, for example,
optic neuritis (ON), transverse myelitis (TM) as well
as other presentations that localise to monofocal or
polyfocal locations in the CNS, such as acute dissemi-
nated encephalomyelitis (ADEM). Up to one-third of
the children with ADS receive a later diagnosis of
multiple sclerosis (MS).!3-5 At the time of the first
attack, it can be a challenge to determine the disease
course of these patients. Early identification of chil-

tant and can have therapeutic implications.®

Soluble CD27 (sCD27) is a soluble form of CD27
secreted by activated T-cells after activation via the
T-cell receptor and is introduced as a potential bio-
marker for T-cell-mediated inflammation.” CD27 and
sCD27 have a role in maturation, activation and pro-
liferation of T- and B-cells.3? High sCD27 levels are
reported in autoimmune diseases like rheumatoid
arthritis, systemic lupus erythematosus and MS.10-12
Komori et al.,'? validated cerebrospinal fluid (CSF)
sCD27 as a biomarker for intrathecal T-cell activation
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in MS, using an extensive and validated battery of
biomarkers for CNS inflammation. Serum sCD27
does not discriminate between healthy individuals
and MS patients.!# In a recent study, high sCD27 lev-
els in CSF associate with MS diagnosis and disease
course in adult patients with clinically isolated syn-
dromes (CISs).15

These observations in adults have not yet been vali-
dated in the paediatric population with CNS demyeli-
nation. It is shown that children with MS tend to have
a more inflammatory disease course than adults.!®!7
Therefore, we hypothesised that the predictive value
of sCD27 levels for a second attack of MS will be
equal or even higher in children than in adults.
Furthermore, ADS with encephalopathy (ADEM) are
known to have extensive intracerebral inflammation
on magnetic resonance imaging (MRI) scans and may
have severe clinical presentations.'® The levels of
sCD27 might therefore differ between ADS
subtypes.

Here, we examined whether sCD27 levels at first
attack in children differ between ADS subtypes and
assessed the predictive value of sCD27 for a second
attack of MS in paediatric ADS patients.

Methods

Study participants

Patients <18years were included in the Dutch pro-
spective and multicentre study for children with ADS
(PROUD-kids study).2 All patients with a lumbar
puncture and baseline MRI, performed for routine
diagnostics <6 months after onset of first symptoms,
were included between June 2006 and February 2017.
Patients with alternative diagnosis were excluded.
Patients were assessed at baseline and reassessed reg-
ularly. Patients were instructed to contact the hospital
in case of suspected exacerbation.

Definitions

ADS in children encompass the first attack of demyeli-
nation in the CNS, including patients presenting with
encephalopathy (ADEM, defined as ADS+) and ADS
without encephalopathy (defined as ADS-).23
Clinically definite multiple sclerosis (CDMS) was
defined as two non-encephalopathic attacks based on
the clinical criteria proposed by the International
Paediatric multiple sclerosis (MS) study group for pae-
diatric MS diagnosis.? Relapsing patients who have a
distinct clinical phenotype other than CDMS were also
included in this study, such as ADEM followed by

relapsing ON (ADEM-ON)," anti-aquaporin 4 anti-
body (AQP4-ab)-positive and -negative relapsing
disease.>20:2!1

A relapse was defined as acute worsening of existing
symptoms or new symptoms after 30 days of improve-
ment or stable disease and no evidence of an alterna-
tive diagnosis. The symptoms should exist for more
than 24hours and not be preceded by fever.2?
Exacerbations were confirmed by neurological
examination.

Follow-up (FU) duration was calculated by subtract-
ing the date of first symptoms from the last visit date.
Disability was expressed by the Expanded Disability
Status Scale (EDSS).2

CSF samples and sCD27 enzyme-linked
immunosorbent assay

CSF samples were centrifuged for 10minutes at
30001/min to separate the supernatant from cells and
cellular components. After centrifugation, all samples
were stored in —80 C until use.2* Routine diagnostics
of CSF included oligoclonal band (OCB), IgG index,
cell count and total protein. Soluble CD27 levels were
measured in duplo using the available commercial
enzyme-linked immunosorbent assay (ELISA) kit
(Pelikine compact human sCD27 kit) manufactured
by Sanquin in Amsterdam, the Netherlands.” The
manufacturer’s instructions were followed when per-
forming the sCD27 ELISA. Levels of sCD27 were
expressed by U/mL by reference to a standard curve
supplied with the ELISA kit. The clinical diagnosis
was blinded for the analysts who performed the
ELISA. The detection limit of the ELISA was 6 U/
mL.

Standard protocol approvals, registrations and
patient consents

The PROUD-kids study was approved by the Erasmus
MC ethical committee and by the ethical committees
of the other participating centres. Written informed
consent was obtained from patients and/or their
families.

Statistical analysis

Statistical analyses were performed using SPSS 24.0.
Kolmogorov—Smirnov test was used to assess the nor-
mality of the data. Figures are made in Graphpad
Prism5. Soluble CD27 levels were not normally dis-
tributed and were therefore log transformed to attain
normally distributed data. Due to log-transformation,
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Monophasic ADS-
n=28

CDMS
ADS- n=61
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Relapsing non-MS
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n=30

Relapsing non-mMS
n=3
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Figure 1. Flowchart of included ADS patients. Patients
presented as ADS without encephalopathy (ADS-) and
ADS with encephalopathy (ADS+; ADEM). The disease
course during follow-up are shown dividing patients

in monophasic ADS—, monophasic ADS+, CDMS and
relapsing non-MS. The relapsing non-MS patients
included three ADEM followed by optic neuritis, two
AQP4-positive NMOSD and two patients with AQP4-
negative NMOSD. ADS: acquired demyelinating
syndromes; ADS—: ADS without encephalopathy; ADS+:
ADS with encephalopathy; ADEM: acute disseminated
encephalomyelitis; AQP4: anti-aquaporin 4 antibodies;
CDMS: clinically definite multiple sclerosis.

geometric means were calculated. For group compari-
sons, Student’s #-test and Mann—Whitney U test were
used for continuous variables when appropriate.
Student’s ¢-test was performed to compare the sCD27
levels in different ADS subgroups. Chi-square and
Fisher’s exact test were used for categorical data.
Correlation analyses were done for two continuous
variables.

Cox proportional hazard regression models were used
to calculate univariate and multivariate hazard ratios
(HRs) in the ADS- group, with CDMS set as end-
point. The Cox proportional hazard assumption was
tested by including a time-dependent covariate in the
model. Known predictors for MS diagnosis such as
age of onset, OCB, and fulfilling dissemination in
space (DIS) at baseline MRI are used for adjustments
in the multivariate analysis for sCD27 levels.

Annualised relapse rate (ARR) for CDMS patients
was compared between groups with high and low
levels of sCD27 using a binomial regression model
with the natural logarithm of number of FU years
after a second clinical attack as offset. This offset
corrects for the difference in FU duration between
patients. The data were overdispersed and therefore
the Poisson regression model was not suitable for
our data set. P-value of <0.05 was considered
significant.

Results

Patients

A total of 94 children with a first attack of ADS were
included in this study. Of these children, 33 presented
with ADS+ and 61 with ADS—. The median age for
ADS+ was 4.5 years (interquartile range (IQR)=2.6—
6.3) and for ADS- patients 14.5years (IQR=11.3—
16.0). During FU, 30/33 (91%) of the ADS+ patients
remained monophasic. Three ADS+ patients (9%)
had a relapsing disease and fulfilled the criteria for
ADEM-ON. No patient presenting with ADS+ was
diagnosed with CDMS. Within the ADS- patients,
33/61 (54%) had a second attack. Of these 33 relaps-
ing patients, 29/33 (88%) children were diagnosed
with a second attack, fulfilling the criteria for CDMS,
and the other 4/33 (12%) were diagnosed with a
relapsing demyelinating disorder other than MS (2
AQP4-ab—positive and 2 AQP4-ab—negative patients).
The median time to CDMS was 10.3 months
(IQR=4.3-15.7). The median FU duration for all
included patients was 2.5 years (IQR=1.4-4.9).

The following flowchart (Figure 1) illustrates the pre-
senting phenotypes (ADS+ and ADS-) and diagnoses
during FU.

The median time between onset of symptoms and
CSF sampling was 2.2 weeks (IQR=0.7-5.9). No
correlation was found between the levels of sCD27
and time between first symptoms and CSF sampling
in the total group and in all groups separately. Of the
94 patients, 24 (26%) received acute treatment (intra-
venous corticosteroids) before CSF sampling. No dif-
ference in sCD27 was found in patients who did or
did not receive intravenous corticosteroids. No
patients were on disease-modifying therapy (DMT) or
oral steroids before CSF sampling. Patient character-
istics are shown in Table 1.

Soluble CD27 levels in subgroups of ADS

Soluble CD27 levels at first attack of ADS were
higher in patients with a future second attack of MS
(n=29) than in ADS- patients who remained mono-
phasic (n=28) (geometric mean=65 U/mL; 95% con-
fidence interval (CI)=47-89 vs 13U/mL; 95%
CI=9-18, p<0.001). Patients with monophasic
ADS+ (n=30) did not differ in sCD27 levels from
monophasic ADS- patients (n=28) (geometric
mean=18U/mL; 95% CI=11-30 vs 13U/mL; 95%
CI=9-18) but did differ from ADS- patients with
future CDMS diagnosis (geometric mean=13 U/mL;
95% CI=9-18 vs 65U/mL; 95% CI=48-89;
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Table 1. Patient characteristics.
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Figure 2. Comparison of CSF sCD27 levels in ADS

at time of first demyelinating event. Comparison of

CSF soluble CD27 levels between patients with ADS+
(ADEM), monophasic ADS—, CDMS and relapsing non-
MS patients. The relapsing non-MS patients included three
ADEM followed by optic neuritis, two AQP4-positive
NMOSD and two patients with AQP4-negative NMOSD.
Horizontal lines with error bars indicate geometric
means with 95% CI. ADS: acquired demyelinating
syndromes; ADS—: ADS without encephalopathy; ADS+:
ADS with encephalopathy; ADEM: acute disseminated
encephalomyelitis; CDMS: clinically definite multiple
sclerosis.

p<0.001). Patients with a relapsing non-MS disease
course (n="7; four patients with ADS— onset and three
with ADS+ onset) had lower sCD27 levels at onset
than patients with a future CDMS diagnosis (geomet-
ric mean= 18 U/mL; 95% CI=8-42 vs 65 U/mL; 95%
CI=48-89; p=0.001) but did not differ from mono-
phasic ADS+ and monophasic ADS— patients. These
results are displayed in Figure 2. No differences were
found in sCD27 levels between anti-myelin oligoden-
drocyte glycoprotein (MOG)-positive (n=13) and
anti-MOG—negative (n=81) patients (data not
shown).

Of'the 59 ADS— patients, 14 (24%; after excluding the
two AQP4-positive patients) fulfilled MS diagnosis at
baseline by fulfilling the IPMSSG 2012 criteria for
MS on first MRI.3 The sCD27 levels of these 14 chil-
dren are significantly higher than ADS— patients who
did not fulfil the criteria at baseline (geometric

mean=78 U/mL; 95% CI=53-115 vs 20U/mL; 95%
CI=15-30, p<0.001).

Of the 28 monophasic ADS— patients, 10 patients
showed sCD27 levels that exceed the upper bound of
the 95% CI of the geometric mean (13 U/mL; 95%
CI=9-18), as shown in Figure 2. Of these patients,
8/10 fulfilled the diagnosis of MS by FU MRI scans
but did not experience a second attack during FU. The
sCD27 geometric mean of these eight patients was
higher than the other 20 monophasic ADS— patients
(geometric mean=35U/mL; 95% CI=27-45 vs 9U/
mL; 95% CI=6-12; p<0.001) but lower than the
patients with future CDMS diagnosis (geometric
mean=35U/mL; 95% CI=27-45 vs 65U/mL; 95%
CI=48-89; p=0.04).

A subgroup analysis (n=59) was performed after
excluding patients with <2years of FU (patients
with CDMS n=20). This did not change our obser-
vation that sCD27 levels are elevated in patients
with a future second attack of MS compared to the
three other subgroups (geometric mean=61 U/mL,
95% CI=42-89 vs 15U/mL, 95% CI=10-22;
p<0.001).

Soluble CD27 correlates with CSF and MRI
parameters

Patients with OCB (n=39) had higher sCD27 levels
compared to patients without OCB (geometric
means=42U/mL; 95% CI=30-60 vs 17 U/mL; 95%
CI=12-23, p<0.001). Soluble CD27 levels were pos-
itively correlated with IgG index (Spearman
rho=0.695, p<0.001) as well as white blood cell
count (Spearman rho=0.444, p<0.001).

Patients fulfilling DIS on baseline MRI (n=50)
showed higher sCD27 levels than patients without
DIS (geometric mean 35U/mL; 95% CI=26-46 vs
16 U/mL; 95% CI=11-24, p=0.003).

A total of 72 patients (77%) received gadolinium
when the first MRI was performed. The sCD27 levels
were significantly higher in children who showed
enhancement (n=31, 58%) than patients without
enhancement (geometric mean=49U/mL; 95%
CI=34-71 vs 19U/mL; 95% CI=12-28, p=0.001).

For the analyses depicted above, all patients were
analysed. Exclusion of patients with ADS+ (ADEM)
and relapsing non-MS from the analysis (thus only
including patients with monophasic ADS— and
CDMS), did not alter the results. Results are shown in
Figure 3.
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Figure 3. Comparison of sCD27 levels with CSF and MRI parameters. Comparing CSF and MRI parameters with the
levels of sCD27 in ADS patients. Horizontal lines with error bars indicate geometric means with 95% CI. ADS: acquired
demyelinating syndromes; OCB: oligoclonal bands; DIS: dissemination in space.

High levels of sCD27 at first attack in ADS—

patients are independently associated with a

shorter time to CDMS

As described above, all patients with a second attack
of MS had an ADS- presentation. No patient with
ADS+ was diagnosed with CDMS. Therefore, in the
following analyses ADS+ patients were excluded as
well as the relapsing non-MS patients with AQP4-ab.

A Kaplan—Meier curve was obtained after dichoto-
mising the sCD27 levels, using the median of the
included ADS- patients (n=59); median sCD27:
36.0U/mL. Six out of 29 patients in the low sCD27
group were diagnosed with CDMS (21%) versus
23/30 (79%) in the high-level group. Figure 4 shows
the Kaplan—Meier curve for time to CDMS diagnosis
(Log-rank test, p=0.006).

The univariate HR for CDMS was 2.8 (95% CI=1.7—
4.6) per 100U/mL increase in sCD27 levels
(»<0.001). In the multivariate COX regression

analyses, we corrected for age of onset, OCB and
DIS. After these corrections, sCD27 was indepen-
dently associated with time to CDMS diagnosis with
an HR of 1.8 (95% CI=1.0-3.3) per 100U/mL
increase in sCD27 levels (p=0.031).

Eight out of 29 patients (28%) who received MS diag-
nosis based on MRI received DMT before CDMS,
and this might have postponed the second attack. We
performed a sub-analysis using the COX regression
analysis, where we excluded these patients, resulting
in the same HR for the univariate (2.8, 95% CI=1.7—
4.9; p<0.001) and multivariate analyses after adjust-
ing for age of onset, OCB and DIS (1.8, 95%
CI=0.96-3.4; p=0.061).

ARR and disability

In patients who were diagnosed with CDMS, we used
a negative binomial regression model for analysing
the ARR. The median of sCD27 levels in CDMS
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% CDMS diagnosis

Kaplan Meier curve for time to CDMS diagnosis
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Follow-up time (years)

Figure 4. Kaplan—Meier curve for time to CDMS diagnosis in ADS without encephalopathy. Kaplan—Meier curve for
time to CDMS diagnosis. All ADS— patients were stratified into two groups by the median CSF sCD27 level of all CIS
patients; median=36 U/mL. ADS: acquired demyelinating syndromes; ADS—: ADS without encephalopathy; CDMS:

clinically definite multiple sclerosis.

patients (n=29; 71 U/mL) was used to stratify patients
into two groups with either high or low sCD27 levels.
There was no difference found in ARR between high-
and low-level groups after correcting for FU duration.
No correlation was found between sCD27 levels and
EDSS score during FU.

Discussion

Here, we show that the T-cell activation marker
sCD27 in CSF at first attack in paediatric ADS differs
among ADS subtypes. Soluble CD27 levels in patients
with a future diagnosis of CDMS were higher than in
monophasic ADS+, monophasic ADS— and relapsing
non-MS patients. There was no difference between
the latter three groups. We analysed ADS+ patients
separately from ADS— patients as MS diagnoses after
ADS+ is extremely low and also in our cohort no
patients with ADS+ were diagnosed with CDMS dur-
ing FU. Soluble CD27 was associated with a shorter
time to CDMS diagnosis independently of known rel-
evant clinical parameters such as MRI and CSF
characteristics.

An interesting observation was that 80% of the mono-
phasic ADS— patients, whose sCD27 levels exceeded
the 95% ClI intervals of the whole monophasic ADS—
group, fulfilled the IPMSSG diagnostic criteria for
MS based on FU MRI. The sCD27 levels of this group
were higher than monophasic ADS— and somewhat
lower than patients with CDMS diagnosis. This may
be related to the fact that these patients (who are diag-
nosed with MS by MRI alone) have a less-active clin-
ical disease course, compared to CDMS patients with
higher levels of sSCD27.

In line with Van der Vuurst de Vries et al.,!> we
observed higher sCD27 levels in patients with a
future CDMS diagnosis than in monophasic ADS
patients without encephalopathy (including CIS).
The levels were even higher in children than in
adults with MS (geometric mean=65U/mL; 95%
CI=48-89 vs 42U/mL; 95% CI=29-51, respec-
tively).!5 Our data not only validate the conclusion
of Van der Vuurst et al but are also congruent with
previous observations that paediatric MS patients
have a more inflammatory disease course compared
to adults. 16:25-30

The higher levels in patients with a future CDMS
diagnosis most likely correspond to a higher intrathe-
cal T-cell activation and higher inflammatory activity.
The correlation we found between sCD27, OCB and
IgG index is in line with previous adult studies. 13-15
In vitro, a functional role of sCD27 on stimulation
and differentiation of B-cells is described earlier.3!32
However, the exact role for sCD27 on IgG production
remains to be investigated.

In adult MS patients, a higher ARR was found in
patients with high sCD27 levels at the time of CIS.!3
One would expect also a higher relapse rate in paedi-
atric MS patients with high sCD27 levels at time of
the first attack; however, no association with ARR
was found. This finding might be explained by a ceil-
ing effect, as the overall relapse rate in our paediatric
MS cohort is high.1®

No association was found with EDSS, which is little
surprising given the slower disease progression in
paediatric MS.27-33 Longer FU duration will be needed
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to investigate a possible relationship between sCD27
levels and chronic disease progression.

There were a few limitations of this study. First, the
FU duration varied between patients. We addressed
this problem by correcting for FU duration in the sur-
vival analyses. We also performed a sub-analysis in
which we excluded patients with less than 2 years of
FU. This did not alter the conclusions. Second, we did
not perform an FU MRI on a regular basis. However,
we aimed to assess the value of sSCD27 levels on the
clinical disease course and therefore chose CDMS as
a study endpoint instead of the McDonald criteria. In
addition, the use of DMTs may have delayed a second
attack and could have influenced the results of the
survival analyses. Therefore, we performed sub-anal-
yses after excluding patients with ADS— who used
DMT before CDMS diagnosis. After excluding these
patients, the multivariate analysis was not significant
(p=0.061); however, there was still a clear trend, and
the univariate analysis remained significant. Finally,
patients who remained monophasic had a shorter time
to CSF sampling compared to patients who were
diagnosed with CDMS during FU. This may have
been caused by the difference in severity of the pre-
senting symptoms and the differential diagnosis at
onset, for example, in ADEM, where acute non-
demyelinating pathology needs to be ruled out. Yet,
we found no correlation between the time to CSF
sampling and the levels of sCD27, making it unlikely
that this influenced our results.

In summary, we show that CSF sCD27 in children
with ADS at time of the first attack is associated with
a future CDMS diagnosis, independently of MRI and
CSF parameters. This result is in line with the earlier
finding in adult CIS patients that higher sCD27 was
associated with subsequent MS diagnosis.!* Therefore,
we can conclude that sCD27 is a potential clinically
relevant quantitative marker when performing routine
CSF diagnostics not only in adults but also in children
with ADS. The next step will be validation of these
findings in international cohorts.
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