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Abstract
Background: The role of neuroinflammation and autoimmune processes in neurodegenerative 
diseases is not fully understood. Activation of microglia with expression of proinflammatory 
cytokines supports the hypothesis that immune processes may play an important role in the 
pathophysiology of Huntington’s disease (HD) and thus, immunomodulating therapies might 
have potential neuroprotective properties. Until now, no disease-modifying therapy (DMT) is 
available for HD. 
Objective: The aim of this research was to characterize a cohort of patients suffering from both 
HD and autoimmune demyelinating diseases of the central nervous system (classified as G35-
37 in ICD-10; ADD-CNS) in comparison to HD cases without ADD-CNS. In particular, we were 
interested to investigate potential modulating effects on disease manifestation and progression 
of HD over time of prescribed immunomodulating medications (DMT).
Methods: We analyzed the course of HD regarding motoric, functional, and cognitive aspects, 
using longitudinal data of up to 2 years from the worldwide registry study ENROLL-HD. 
Additional cross-sectional data in the largest cohort worldwide of HD patients was analyzed 
using demographic and molecular genetic parameters. Data were analyzed using analysis 
of variance (ANOVA) for cross-sectional and repeated-measures ANOVA for longitudinal 
parameters in IBM SPSS Statistics V.27.
Results: Within the ENROLL-HD database, we investigated N = 21,116 participants and 
identified n = 60 participants suffering from ADD-CNS. Molecular, genetic, and demographic 
data did not differ between groups. The subgroup of n = 32 participants with motor-manifest 
HD revealed better cognitive performance in five out of eight cognitive tests at baseline with 
less progression over time in two tests (all p < 0.05). Differentiation between DMT-treated and 
untreated patients revealed better cognitive and motor performance in the DMT group; those 
patients, however, tended to be younger. Pre-manifest HD patients simultaneously diagnosed 
with ADD-CNS (n = 12) showed lower functional scores and more decline over time when 
compared with other pre-manifest HD (p < 0.05).
Conclusion: Patients suffering from motor-manifest HD and simultaneously from ADD-CNS 
have better cognitive capacities compared with other motor-manifest HD patients. Moreover, 
DMTs might have beneficial effects on progression of neurodegeneration including the motor 
phenotype. However, this effect might have been biased by younger age in DMT-treated 
patients. Pre-manifest HD patients showed more functional impairment as expected due to 
their additional ADD-CNS disease.
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Introduction
Suffering from neurodegenerative Huntington’s 
disease (HD) is accompanied with manifold het-
erogeneous motoric, cognitive, and psychiatric 
symptoms.1–3 Although the distinct cause of dis-
ease is known with a Cytosine-Adenine-Guanine 
(CAG)-trinucleotide repeat expansion in the 
huntingtin gene (HTT) encoding for mutant hun-
tingtin protein (mHTT) associated with toxic 
effects at the molecular level, exact pathomecha-
nisms remain to be elucidated.1 There is evidence 
that molecular changes and pathophysiology in 
HD is accompanied by neuroinflammation due to 
an influence of the innate and adaptive immune 
system with activation of microglia and expres-
sion of proinflammatory cytokines in the striatum 
accelerating neurodegenerative processes starting 
in pre-manifest stages of the disease already.4–7 
Elevation of pro-inflammatory cytokines such as 
interleukin (IL)-6, IL-7, and others in animal 
models and patients suggests inflammatory mech-
anisms as part of the pathophysiology in HD. 5,8–10 
It remains uncertain whether neuroinflammation 
embosses neurodegenerative disease progression 
or is the result of a reactive process.4 Inflammation 
following neuronal damage is seen as double-
edged sword since chronic inflammatory pro-
cesses can fuel neurodegeneration, as seen in 
progressive multiple sclerosis,11 but also elicit 
regenerative and reparative processes as ‘protec-
tive autoimmunity’ mediated through anti-
inflammatory cytokines produced by activated T 
cells.12–15 A better understanding of these neuro-
immune interactions is necessary in order to 
develop effective therapies in neuroimmunologi-
cal and neurodegenerative diseases.12 Besides 
HD, the involvement of neuroinflammatory pro-
cesses is also discussed in other neurodegenera-
tive diseases such as Alzheimer’s disease (AD) 
and Parkinson’s disease (PD), amyotrophic lat-
eral sclerosis, and spinocerebellar ataxia.12 Thus, 
findings from HD might also be relevant for other 
neurodegenerative diseases.

Neurodegenerative processes like in HD, AD, or 
PD–as neurodegenerative diseases–also occur in 
neuroimmunological diseases such as multiple 
sclerosis (MS), especially during the progressive 
phase of the disease,12,16 supporting the concept 
of shared mechanisms in primary neurodegenera-
tive and neuroinflammatory diseases. One exam-
ple is the accumulation of iron during both 
progressive multiple sclerosis11,17 and neurode-
generative diseases such as HD and the 

impairment of transport proteins as a potential 
target for treatment.18–21

Manifold therapeutic approaches have used 
immunotherapies and modulating strategies 
against immune activation as promising targets 
for the treatment of neurodegeneration in pre-
clinical HD models.22–26 While Laquinimod treat-
ment leads to improved motor function and 
improved histopathological findings only, 
FTY720 (fingolimod), fumaric acid, and glati-
ramer acetate (GA) not only improved motor 
function but also prolonged survival in HD ani-
mal models.23,26 Laquinimod so far is the only 
substance investigated in a big clinical trial in 
human (LEGATO-HD, NCT02215616). 
However, the study failed to reach the primary 
endpoint of a change of the total motor score 
(TMS) in the Unified Huntington’s Disease 
Rating Scale (UHDRS) scale after 52-week treat-
ment, while there was a reduction in brain atro-
phy as a secondary outcome measure.23,27,28 
Hence, until now only animal models have shown 
improvements with regard to immunomodulatory 
therapies in HD and there is still an urgent need 
to get a better understanding of underlying neu-
roinflammatory pathways in neurogenerative dis-
ease, especially with a translational focus.

Promising therapeutic approaches like antisense 
or small molecules for huntingtin reduction or 
gene-based therapies have been made during the 
last decade, but there is still no evidence for dis-
ease-modifying therapies (DMTs) or beneficial 
immunotherapies in HD, yet.29–31

The aim of this research was to characterize a 
cohort of patients suffering simultaneously from 
HD and from autoimmune demyelinating disease 
of the central nervous system (classified as G35-
37 in ICD-10; ADD-CNS) in a large real-world 
cohort for the first time. We were interested to 
identify prescribed immunomodulating pharma-
cotherapies in groups to analyze potentially mod-
ulating effects on disease manifestation and 
progression of HD.

Methods

ENROLL-HD database
We investigated HD participants and participants 
suffering from ADD-CNS within the global 
cohort of the ENROLL-HD registry study. 
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Enroll-HD is a global clinical research platform 
designed to facilitate clinical research in HD. 
Core datasets are collected annually from all 
research participants as part of this global multi-
center longitudinal observational study. Data are 
monitored for quality and accuracy using a risk-
based monitoring approach. All sites are required 
to obtain and maintain local ethical approval. We 
investigated the periodic dataset five (PDS-5) as 
previously described.30,32 Ethics approval was 
obtained by the local ethics committee of Ruhr-
University Bochum (No. 4941-14).

Participants were categorized into the groups pre-
manifest HD suffering from ADD-CNS, and 
manifest HD suffering from ADD-CNS. In addi-
tion, two control groups were identified for each 
category having pre-manifest HD without ADD-
CNS and manifest HD without ADD-CNS. We 
first compared baseline data of study entry in a 
cross-sectional approach. As inclusion criteria for 
manifest HD group, all included participants had a 
diagnostic confidence level (DCL) of 4 [unequivo-
cal signs of clinical manifest HD (>99% confi-
dence)], a total motor score (TMS) >5, and a 
genetically confirmed report with ⩾36 CAG 
repeats in the Huntingtin gene (HTT). Longitudinal 
data with annual (±3 months) follow-up visits of 
up to two more years were analyzed to compare 
disease manifestation and progression over time.

Fundamental demographic and molecular genetic 
parameters were assessed analyzing CAG-repeat 
lengths, age, CAP-scores,33 sex, educational level, 
age at HD diagnosis, and age at onset of symptoms 
reported by the patient, family, and rater between 
groups. Motoric parameters were analyzed using 
the UHDRS–Total motor score. Cognitive perfor-
mance was evaluated with the ENROLL-HD test 
battery including eight cognitive tests: symbol digit 
modality test (SDMT), verbal fluency test (cate-
gory; Verfct), verbal fluency test (Letters; Verflt), 
Stroop color naming (SCN), Stroop word reading 
(SWR), Stroop interference test (SIT), Mini-
Mental State Examination (MMSE), and 
Trailmaking test (Trla). Functionality was ana-
lyzed with the UHDRS-Total functional capacity 
(TFC), described additionally with TFC stages 
and the Independence Scale (IS).

Statistical analyses
Group means and standard deviation for cross-
sectional data were assessed using analysis of 

variance (ANOVA) for disease manifestation at 
baseline visit in IBM SPSS Statistics V.27. 
Homogeneity of variances was asserted using 
Levene’s test. Detecting unequal variances, val-
ues were reported with the Welch’s test. 
Dependent variables were tested for normal dis-
tribution using the Kolmogorov–Smirnov test 
(data not shown). Parametric test procedures 
were used as part of the study design with ANOVA 
analysis. Chi-square tests were used for the analy-
sis of categorical variables. We performed multi-
ple ANOVA analyses between groups to compare 
participants from ADD-CNS/HD-group with 
control ADD-CNS-category. Afterward, 
repeated-measures ANOVA were conducted to 
determine differences between participant cate-
gories with longitudinal data over 2 years. 
Adjustment for multiple testing was applied using 
Bonferroni corrections.

To assure correctness of obtained results, we per-
formed a propensity-score matching using the 
variables age, CAG repeat length, sex, and educa-
tion (ISCED) and matched ADD-CNS with 
immunomodulating therapies 1:3 participants to 
manifest. Same analysis was performed for pre-
manifest and all manifest HD patients with auto-
immune demyelination compared with 
control-matched subjects. We analyzed motoric, 
functional, and cognitive performances using 
t-tests.

Results

Participants and data analyses
Within Enroll-HD periodic dataset five, we ana-
lyzed data of N = 21,116 participants. In total, we 
identified n = 60 participants in the database suf-
fering from ADD-CNS, whereby n = 56 partici-
pants were diagnosed with multiple sclerosis 
(G35). Three participants were classified suffer-
ing from ‘demyelinating disease of central nerv-
ous system, unspecified’ (G 37.9) and n = 1 from 
‘acute transverse myelitis in demyelinating dis-
ease of central nervous system’ (G37.3). The par-
ticipant suffering from G37.9 was diagnosed with 
the additional disease from −1693 to −232 days 
(1461 days in total) prior to baseline assessment 
and categorized as a manifest HD patient. In 
total, n = 32 out of these n = 60 participants were 
suffering additionally from motor-manifest HD. 
Twelve were classified as HD gene carriers with a 
pre-motor manifest status and n = 16 with a 
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negative HD phenotype or included as family 
controls without suffering from HD (excluded 
from further analysis). Therewith, the majority of 
the HD group suffering from G35-37 were mani-
fest HD patients.

For pre-manifest and manifest HD, control 
groups without ADD-CNS were identified, 
revealing n = 10,919 participants as motor-mani-
fest HD and n = 5157 as pre-manifest HD partici-
pants in the global registry study (Figure 1).

Transformed into days relative prior to baseline 
assessment, whole group of n = 60 ADD-CNS 
participants suffered in average since 3402 days 
(SD ± 3371) from ADD-CNS. Differentiated 
into subgroups, revealed manifest HD ADD-
CNS (n = 32) suffered in average since 3525 days 
(SD ± 3375) and pre-manifest HD ADD-CNS 
(n = 12) since 3432 days (SD ± 3697) from 
ADD-CNS.

Manifest HD suffering additionally from  
ADD-CNS revealed better cognition if compared 
with other motor-manifest HD patients
Assessing cross-sectional data between groups 
revealed no differences in fundamental demo-
graphic, molecular genetic, onset-data, motoric, 
functional, and psychiatric performance between 
manifest HD patients suffering from ADD-CNS 
and other manifest HD patients within the 

ENROLL-HD database. The calculated CAP-
Score revealed a significantly lower level in mani-
fest HD patients with autoimmune demyelination 
compared with those without the additional 
disease.

First, we analyzed TFC subscales of the UHDRS 
functional assessment defined as: stage 1 (TFC 
11–13), stage 2 (TFC 7–10), stage 3 (TFC 3–6), 
stage 4 (TFC 1–2), and stage 5 (TFC 0) between 
groups.34,35 In total, n = 12 subjects out of our 
ADD-CNS group were classified as stage 1 (man-
ifest HD without ADD-CNS: n = 3684), n = 12 as 
stage 2 (manifest HD without ADD-CNS: 
n = 3750), n = 3 as stage 3 (manifest HD without 
ADD-CNS: n = 2332), n = 5 as stage 4 (manifest 
HD without ADD-CNS: n = 809), and none as 
stage 5, respectively (manifest HD without ADD-
CNS: n = 312). Thus, the majority of all patients 
were early stage HD patients in both groups.

The cognitive test battery determined that mani-
fest HD patients with ADD-CNS performed sig-
nificantly better in the Symbol digit modality, the 
Verbal fluency (category), the Stroop color nam-
ing, the Stroop interference, and the Verbal 
Fluency test (Letters) during baseline assessment 
(all p < 0.050; Table 1). The performed propen-
sity score 1:3 matching for manifest HD suffering 
from ADD-CNS tested robustness of the observed 
effects and confirmed that analyzed ADD-CNS 
patients have better cognitive performances 
within five out of eight cognitive tests (see 
Appendix 1).

Better cognition in HD patients suffering from 
ADD-CNS compared with other manifest HD 
patients over three consecutive study visits
Having established cross-sectional baseline data 
of motor-manifest HD participants, we investi-
gated three consecutive Enroll-HD visits per 
patient to analyze whether the differences identi-
fied at baseline persists when data of more than 
one study visit were combined as repeated meas-
ures. Longitudinally, no differences were observed 
between motor-manifest HD patients addition-
ally suffering from ADD-CNS and other HD par-
ticipants in the database regarding motoric and 
functional assessments over a time period of two 
more years.

Regarding cognitive performance, there remained 
a difference in the performance in Stroop color 

Figure 1.  Workflow for assessing participants in ENROLL-HD dataset 
suffering from HD, G35-37 (ADD-CNS), and controls.
HD, Huntington’s disease; n/N, number; PDS-5, periodic dataset 5.
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Table 1.  Baseline data of manifest HD with ADD-CNS and HD patients at baseline visit.

Domain/variable Manifest HD suffering from 
ADD-CNS (n = 32)

Manifest HD 
(n = 10,919)

Levene’s test F p Part. eta2

Age (years); M (SD) 49.3 (10.3) 52.9 (12.8) 0.138 2.630 0.105 0.000

CAG high (SD) 43.5 (2.9) 44.0 (3.9)
(n = 10,887)

0.454 0.608 0.436 0.000

CAP-Score (SD) 465.2 (97.2) 511.1 (99.4) 0.939 6.811 0.009 0.001

Sex (f/m) (%f) 21/11 (65.6) 5610/5309 (51.4) NA 2.643 0.114 0.000

Hddiagn (years) (SD) 46.5 (10.3) (n = 27) 49.0 (12.7) 
(n = 10,575)

0.368 0.869 0.351 0.000

Sxrater (years) (SD) 44.7 (9.2) (n = 28) 46.3 (12.2) 
(n = 10,687)

0.888 0.383 0.536 0.000

Sxsubj (years) (SD) 44.7 (9.6) (n = 27) 46.4 (12.7) 
(n = 10,089)

0.099 0.430 0.512 0.000

Sxfam (years) (SD) 43.5 (9.5) (n = 24) 45.7 (12.6) (n = 9882) 0.091 0.632 0.427 0.000

ISCED (SD) 3.4 (1.3) 3.4 (1.2) (n = 10,817) 0.945 0.004 0.948 0.000

Motoric UHDRS
TMS; M (SD)a

32.1 (24.3) 37.8 (21.5)
(n = 10,781)

0.876 2.221 0.136 0.000

TFC; M (SD)b 8.6 (3.9) 8.2 (3.7)
(n = 10,853)

0.640 0.380 0.538 0.000

IS; M (SD)b 76.1 (20.2) 77.0 (18.9)
(n = 10,852)

0.882 0.058 0.810 0.000

SDMT; M (SD)b 28.8 (13.3)
(n = 29)

23.0 (2.9)
(n = 9937)

0.530 5.848 0.016 0.001

Verfct; M (SD)b 14.3 (8.0) 12.0 (5.8)
(n = 10,475)

0.149 5.034 0.025 0.000

SCNT; M (SD)b 48.9 (20.4)
(n = 31)

41.7 (18.0)
(n = 10,330)

0.999 5.044 0.025 0.000

SWRT; M (SD)b 62.5 (25.3)
(n = 31)

55.5 (23.6)
(n = 10,281)

0.584 2.807 0.094 0.000

SIT; M (SD)b 28.2 (13.5)
(n = 30)

23.4 (11.6)
(n = 8893)

0.738 5.120 0.024 0.001

Verflt; M (SD)b 27.1 (13.2)
(n = 24)

21.0 (13.0)
(n = 7754)

0.947 5.305 0.021 0.001

Trla; M (SD)a 56.0 (49.1)
(n = 21)

72.9 (53.0)
(n = 7204)

0.337 2.134 0.144 0.000

MMSE; M (SD)b 26.3 (4.7)
(n = 15)

24.8 (4.5)
(n = 6819)

0.490 1.623 0.203 0.000

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; CAP-Score, CAG-Age Product Index;  
HD, Huntington’s disease; Hddiagn, Huntington’s disease diagnosed; IS, Independence scale; ISCED, Educational level; MMSE, Mini-Mental State Examination; SCNT, 
Stroop color naming test; SD, standard deviation; SDMT, symbol digit modality test; SIT, Stroop interference test; Sxfam, families estimate of symptom onset; Sxrater, 
rater’s estimate of symptom onset; Sxsubj, subject estimate of symptom onset; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; 
Trla, Trailmaking A test; UHDRS, Unified Huntington’s Disease Rating Scale; Verfct, verbal fluency test (category); Verflt, verbal fluency test (Letters). Bold values: 
significant differences between groups.
Assessing cross-sectional data using univariate analysis of variance between groups revealed manifest HD patients suffering additional from ADD-CNS showing better 
cognitive performance in five cognitive testing if compared with other motor-manifest HD participants.
aHigher scores = more impairment.
bHigher scores = better performance.
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naming, Stroop interference, and verbal fluency 
test (Letters) over time (all p < 0.050; Table 2).

Baseline data of pre-manifest HD with ADD-CNS 
versus pre-manifest other HD patients
Regarding pre-manifest HD participants suffer-
ing additionally from ADD-CNS, we identified 
significantly more female participants and less 
functionality capacity depicted in the 
Independence Scale (all p < 0.050) when com-
pared with other pre-manifest HD patients. 
Regarding all other motoric, functional, cogni-
tive, and psychiatric parameters, no further sig-
nificant group differences were identified 
(Table 3). To test robustness of observed 
effects, we performed a 1:3 propensity-score 
matching for pre-manifest HD suffering from 
ADD-CNS and analyzed motoric, functional, 
and cognitive disease. This analysis confirmed 
no differences between pre-manifest ADD-
CNS patients in cognitive and motoric capaci-
ties. Although the IS tended to be lower in 
ADD-CNS patients, no significant differences 
were confirmed (see Appendix 2).

Longitudinal repeated-measures analysis of vari-
ance in pre-manifest groups revealed no statisti-
cally significant differences between groups of 
pre-manifest HD participants with ADD-CNS 
(n = 5) and other pre-manifest HD (n = 2033) 
regarding baseline and two more follow-up visits, 
except from Independence scale determining 
more mean decline over time in pre-manifest HD 
patients (F = 8.231, p = 0.004, partial eta2 = 0.004).

Pharmacological treatment within manifest HD 
patients suffering from ADD-CNS
Within the ENROLL-HD database, pharmaco-
therapies with indications are available for each 
individual participant besides comorbidities and 
non-pharmacological treatments. Date values are 
referring to visit dates and reflect the number of 
days intake before baseline of study entry or fol-
low-up visits. The data file collection of pharma-
cotherapies implements the drug name, 
ingredients, the total daily dose/unit, frequency, 
and route of intake.

Immunomodulating and other therapies pre-
scribed because of ADD-CNS were analyzed 
within the manifest HD group suffering from 
ADD-CNS (n = 32). We therefore analyzed intake 

and duration of DMTs within the cohort prior to 
baseline (Figure 2).

N = 11/32 participants in the manifest HD with 
ADD-CNS group received additionally other 
medications prescribed because of ADD-CNS 
such as baclofen, methionine, or amantadine (not 
shown).

As an additional explorative approach, subgroups 
of manifest HD patients suffering from ADD-
CNS (n = 32) were analyzed, comparing partici-
pants out of this group with distinct (n = 13) and 
with no known DMT (n = 19) to motor manifest 
other HD participants (n = 10,919) (Tables 4 and 
5). With regard to age at HD diagnosis, patients 
with immunomodulating therapies [mean age, 
44.5 (SD, 8.9)] revealed no significant differ-
ences compared with other manifest HD patients 
[mean age, 48.8 (SD, 12.9); F = 1.216, p = 0.270, 
partial eta2 = 0.000]. In addition, no significant 
differences were observed for disease duration 
between immunomodulated HD ADD-CNS 
[5.5 years (SD, 8.9)] and manifest HD [9.5 years 
(SD, 14.0); F = 2.433, p = 0.119, partial 
eta2 = 0.000]. To test robustness of observed 
effects, we performed a 1:3 propensity-score 
matching using the variables age, CAG repeat 
length, sex, and education for manifest HD suf-
fering from ADD-CNS with immunomodulating 
therapies and analyzed motoric, functional, and 
cognitive disease. Since for one patient no infor-
mation about the educational level was available, 
no corresponding propensity score could be cal-
culated so that this patient had to be excluded 
from the further analysis. The analysis of all other 
n = 12 subjects confirmed that ADD-CNS 
patients have better cognitive performances 
within five out of eight cognitive tests (see 
Appendix 3).

Discussion
Until now it remains unsolved how neurodegen-
eration and neuroinflammation influence them-
selves in chronic – either primary or secondary 
neurodegenerative conditions. This conundrum 
has huge implications for affected patients, since 
specific therapeutic interventions could be imple-
mented to target especially inflammatory pro-
cesses, potentially reducing degeneration. To 
investigate this question, we took advantage of a 
huge database of patients suffering from HD as 
primary neurodegenerative condition, afflicted 
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also by a demyelinating condition, mostly multi-
ple sclerosis. We identified a cohort of n = 21,116 
participants within the ENROLL-HD dataset 
and n = 32 manifest HD patients suffering also 
from ADD-CNS. With an estimated prevalence 
of 250,000 patients suffering from MS in 
Germany and approximately 2.5 million individu-
als worldwide, we previously did not expect high 
number of patients suffering from ADD-CNS 
and HD.36,37 Remarkably, n = 32 out of n = 10,919 
motor-manifest HD participants (0.29%) addi-
tionally were suffering from ADD-CNS within 
the database. The latter group revealed better 

cognitive performance at baseline and less 
decrease in more longitudinal cognitive capacities 
over time, although molecular genetic, demo-
graphic, and onset parameters as fundamental 
disease status revealed no differences between 
groups. Hence, one can suggest that described 
differences might be due to the additional ADD-
CNS diagnosis. However, to prove this hypothe-
sis, further research with especially larger cohorts 
is necessary. Although patients were suffering 
from the two manifest serious diseases, remarka-
bly no increased cognitive, motoric, functional, or 
psychiatric symptoms were observed.

Table 2.  Analysis of motor, function and cognitive parameters between groups upon three consecutive Enroll-HD study visits.

Domain/
variable

Manifest HD suffering from ADD-CNS 
(n = 15)

Manifest HD 
(n = 4382)

Inter-subject analysis

F p
Part. 
eta2 

BL FU 1 FU 2 ∆ FU2-
BL per 
group

BL FU1 FU2 ∆ FU2-
BL per 
group

TMS; M (SD)a 29.0 (26.3) 35.5 (27.9) 36.5 (28.7) 7.5 35.9 (20.7)
(n = 4277)

39.5 (21.7) 43.2 (23.0) 7.3 0.818 0.603 0.002

TFC; M (SD)b 8.6 (3.8) 8.2 (4.1) 8.2 (4.1) 0.4 8.4 (3.5)
(n = 4377)

7.7 (3.6) 7.1 (3.7) 1.3 0.176 0.675 0.000

IS; M (SD)b 76.0 (23.2) 71.7 (23.7) 75.0 (23.1) 1.0 78.0 (17.4) 74.5 (18.4) 71.2 (19.6) 6.8 0.006 0.940 0.000

SDMT; M (SD)b 30.1 (14.4)
(n = 14)

29.8 (16.6) 27.1 (14.2) 3.0 26.1 (12.3)
(n = 3548)

24.7 (12.6) 23.0 (12.9) 3.1 1.819 0.178 0.000

Verfct; M (SD)b 15.6 (9.3)
(n = 14)

14.4 (8.3) 14.4 (7.5) 1.2 13.0 (5.6)
(n = 3952)

12.3 (5.8) 11.5 (5.9) 1.5 3.152 0.076 0.001

SCNT; M (SD)b 54.4 (22.9)
(n = 14)

48.4 (22.0) 50.0 (21.5) 4.4 44.7 (16.5)
(n = 3844)

42.4 (16.8) 39.8 (17.2) 4.9 4.068 0.044 0.001

SWRT; M (SD)b 67.8 (26.0)
(n = 14)

62.0 (25.4) 64.4 (25.3) 3.4 59.4 (21.4)
(n = 3802)

55.9 (22.0) 52.3 (22.6) 7.1 2.528 0.112 0.001

SIT; M (SD)b 34.3 (13.4)
(n = 13)

32.5 (14.5) 29.7 (13.0) 4.6 25.9 (11.1)
(n = 3041)

24.8 (11.2) 23.3 (11.4) 2.6 6.629 0.010 0.002

Verflt; M (SD)b 34.4 (12.5)
(n = 9)

31.6 (13.8) 37.0 (13.4) +2.6 23.5 (12.9)
(n = 2582)

23.1 (13.3) 22.0 (13.9) 1.5 7.270 0.007 0.003

Trla; M (SD)a 40.4 (18.4)
(n = 8)

43.5 (25.1) 43.6 (17.7) 3.2 61.7 (40.1)
(n = 2372)

64.9 (44.2) 70.9 (50.7) 9.2 2.500 0.114 0.001

MMSE; M (SD)b 29.0 (1.7)
(n = 3)

28.7 (1.5) 28.0 (2.0) 1.0 25.7 (3.6)
(n = 2231)

25.4 (4.0) 24.8 (4.5) 0.9 2.244 0.134 0.001

ADD-CNS, autoimmune demyelinating disease of the central nervous system; BL, Baseline visit; FU, Follow up visit; HD, Huntington’s disease; 
IS, Independence scale; MMSE, Mini-Mental State Examination; SCNT, Stroop color naming test; SDMT, Symbol digit modality test; SIT, Stroop 
interference test; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, Trailmaking A test; Verfct, verbal 
fluency test (Category); Verflt, verbal fluency test (Letters). Bold values significant differences between groups.
Data were analyzed using repeated-measures analysis of variance between groups at baseline and two more follow-up visits. Data depicted as 
mean performance levels (standard deviation) in groups and inter-subject effects.
aHigher scores = more impairment.
bHigher scores = better performance.
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One possible explanation for better cognitive per-
formance in the HD-ADD-CNS group might 
have been the use of DMTs.38 Several DMTs 
have shown positive effects investigated in pre-
clinical or HD animal models leading to improved 

motor function, histopathological findings and in 
most cases also prolonged survival such as GA24 
or laquinimod.23,25,26 Thus, there is good evi-
dence for potential neuroprotective properties of 
immunomodulating therapies coming from HD 

Table 3.  Baseline data of pre-manifest HD with ADD-CNS and pre-manifest HD patients.

Domain/variable Pre-manifest HD  
suffering from ADD-CNS
(n = 12)

Pre-manifest HD
(n = 5157)

Levene’s 
test

F p Part. eta2

Age (years); M (SD) 43.7 (9.8) 39.8 (12.1) 0.211 1.210 0.271 0.000

CAG high (SD) 41.0 (1.3) 42.4 (2.8) 0.054 2.899 0.089 0.001

CAP-Score (SD) 315.9 (73.0) 329.0 (92.0) 0.451 0.243 0.622 0.000

Sex (f/m) (%f) 11/1 (91.7) 3085/2072 (59.8) NA 5.054 0.035 0.000

ISCED (SD) 4.1 (1.2) 4.0 (1.1)
(n = 5141)

0.981 0.151 0.697 0.000

Motoric UHDRS
TMS; M (SD)a

3.7 (5.3) 3.0 (4.5)
(n = 5135)

0.523 0.239 0.625 0.000

TFC; M (SD)b 12.5 (0.9) 12.7 (0.9)
(n = 5140)

0.283 0.669 0.413 0.000

IS; M (SD)b 96.7 (6.1) 99.0 (3.8)
(n = 5151)

0.034 4.478 0.034 0.001

SDMT; M (SD)b 49.0 (15.0) 49.3 (12.1)
(n = 5123)

0.239 0.008 0.931 0.000

Verfct; M (SD)b 23.0 (6.7) 21.2 (5.7)
(n = 5117)

0.510 1.219 0.270 0.000

SCNT; M (SD)b 65.6 (19.2) 72.4 (14.8)
(n = 5110)

0.254 2.499 0.114 0.000

SWRT; M (SD)b 85.6 (27.0) 92.8 (18.4)
(n = 5114)

0.019 1.811 0.178 0.000

SIT; M (SD)b 41.2 (11.8) 43.0 (11.3)
(n = 4833)

0.787 0.314 0.575 0.000

Verflt; M (SD)b 39.2 (14.1)
(n = 11)

39.3 (12.8)
(n = 4247)

0.840 0.001 0.970 0.000

Trla; M (SD)a 30.0 (11.1)
(n = 11)

28.1 (13.5)
(n = 4246)

0.758 0.225 0.635 0.000

MMSE; M (SD)b 28.1 (2.3)
(n = 7)

28.6 (4.5)
(n = 3645)

0.184 0.629 0.428 0.000

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; CAP-Score, 
CAG-Age Product-Index; HD, Huntington’s disease; Hddiagn, Huntington’s disease diagnosed; IS, Independence scale; ISCED, Educational 
level; MMSE, Mini-Mental State Examination; SCNT, Stroop color naming test; SDMT, Symbol digit modality test; SIT, Stroop interference 
test; Sxfam, families estimate of symptom onset; Sxrater, rater’s estimate of symptom onset; Sxsubj, subject estimate of symptom 
onset; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, Trailmaking A test; UHDRS, Unified 
Huntington’s Disease Rating Scale; Verfct, verbal fluency test (category); Verflt, verbal fluency test (Letters). 
Bold values: significant differences between groups.
Cross-sectional data using univariate analysis of variance between pre-manifest HD participants’ additionally suffering from ADD-CNS and 
other pre-manifest HD participants.
aHigher scores = more impairment.
bHigher scores = better performance.
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animal models. Although the LEGATO-HD trial 
conducted in HD failed to reach primary end-
points of motoric benefits, participants treated 
with laquinimod showed less brain atrophy in 
comparison to placebo.27

We identified n = 13 participants treated with 
DMTs and differentiated n = 19 participants with-
out named DMT therapy in the dataset. DMT-
treated patients showed better cognitive 
performances, confirmed within an explorative 
propensity score analysis with subsequent testing 
for cognitive parameters and even motoric perfor-
mances when compared with other motor-mani-
fest HD. We cannot exclude that this effect might, 
although not significant, be mediated by younger 
age, since patients in the DMT group were 
6.7 years younger than untreated patients, which 
could be the explanation for both better motoric 
and cognitive performance. In light of the HD 
diagnosis, a significant better motoric performance 
in this group indeed rather suggests that the effect 
might have been mediated by age. To test robust-
ness of observed effects, we performed a propen-
sity-score matching controlling for age, CAG 
repeat length, sex, and education and confirmed 
that ADD-CNS HD patients have better cognitive 
capacities in five out of eight tests. These findings 
support the hypothesis of beneficial effects within 
the immunomodulated group. However, further 
underlying effects such as genetic modifiers which 
have been investigated in genome-wide association 
studies affecting cognitive domains in HD need to 
be discussed as potential influencer of disease 

manifestation.39,40 Robustness of observed effects 
was additionally tested for pre-manifest and all 
manifest ADD-CNS HD patients using the pro-
pensity-score matching approach, supporting find-
ings from our former analysis.

With n = 6 patients, the DMT GA was used most 
frequently in the overall cohort. GA is licensed as 
a first-line therapeutic for relapsing-remitting 
multiple sclerosis and clinically isolated syn-
drome. GA elicits a broad range of mechanisms41 
such as a switch from Th1-cells to GA-specific 
Th-2 lymphocytes, resulting in higher levels of 
neurotrophic factors as a neuroprotective mecha-
nism induced by GA.42,43 GA has also been stud-
ied in different HD models, having shown 
neuroprotective effects in vitro and in vivo due to 
immunomodulating effects on microglia and 
increased active brain-derived neurotrophic fac-
tor (BDNF) in astrocytes.24 GA treated mice 
showed a delayed onset of HD and reduced 
behavioral symptoms, accompanied by increased 
levels of BDNF and reduced levels of cytokines 
IL-4 and IL-12, postulating GA as a useful thera-
peutic target for clinical treatment of HD.44,45 
Moreover, animal models of depression showed 
beneficial effects of GA on psychiatric behaviors 
and on cognitive dysfunction even without 
increased BDNF levels, postulating other 
unknown mechanisms of the GA-metabolism 
resulting in positive effects on cognition.46

Those data combined suggests the hypothesis that 
GA might have induced immunomodulating and 

Figure 2.  DMTs in the HD with ADD-CNS group prior to baseline assessment. Duration of treatment given in 
days as mean (standard deviation).
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neuroprotective effects in the patients identified 
here, resulting in better cognitive performances, 
although the number investigated was small and 
effects of GA alone could not be investigated.

The use of DMTs is effective to maintain cogni-
tive test performance in relapsing-remitting MS.47 
One recent example is the use of the DMT siponi-
mod, which can exhibit better cognitive perfor-
mance in patients with secondary progressive MS 

in the Symbol digit modalities test (SDMT).48 
Thus, there is evidence from MS that the use of 
DMT can elicit positive effects on cognition.

Because HD is characterized with a loss of neu-
rons due to degenerative processes, reactive 
microglial responses, and inflammation underly-
ing the pathogenesis and progression, it is reason-
able that, in addition, other identified 
immunomodulating therapies such as interferon 

Table 4.  ADD-CNS with immunomodulating therapies versus control at baseline visit.

Domain/variable Manifest HD suffering from  
ADD-CNS group with 
immunomodulating therapies (n = 13)

Manifest HD (n = 10,919) F p Part. eta2

Age (years); M (SD) 46.2 (8.9) 52.9 (12.8) 3.587 0.058 0.000

CAG high (SD) 44.2 (2.8) 44.0 (3.9)
(n = 10,887)

0.041 0.839 0.000

CAP-Score (SD) 469.9 (73.8) 507.6 (116.2) 1.369 0.242 0.000

Motoric UHDRS
TMS; M (SD)a

21.4 (14.9) 37.8 (21.5)
(n = 10,781)

7.463 0.006 0.000

TFC; M (SD)b 9.7 (4.4) 8.2 (3.7)
(n = 10,853)

2.108 0.147 0.000

IS; M (SD)b 83.5 (12.8) 77.0 (18.9)
(n = 10,852)

1.549 0.213 0.000

SDMT; M (SD)b 31.6 (9.8) 23.0 (2.9)
(n = 9937)

5.853 0.016 0.000

Verfct; M (SD)b 14.7 (8.4) 12.0 (5.8)
(n = 10,475)

2.715 0.099 0.000

SCNT; M (SD)b 51.7 (12.5) 41.7 (18.0)
(n = 10,330)

4.097 0.043 0.000

SWRT; M (SD)b 68.6 (18.8) 55.5 (23.6)
(n = 10,281)

4.053 0.044 0.000

SIT; M (SD)b 30.3 (11.1) 23.4 (11.6)
(n = 8893)

4.602 0.032 0.000

Verflt; M (SD)b 29.3 (7.4)
(n = 10)

21.0 (13.0)
(n = 7754)

4.080 0.043 0.000

Trla; M (SD)a 52.6 (10.6)
(n = 10)

72.9 (53.0)
(n = 7204)

4.134 0.042 0.000

MMSE; M (SD)b 28.9 (2.3)
(n = 7)

24.8 (4.5)
(n = 6819)

5.511 0.019 0.000

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; CAP-Score, CAG-Age Product-Index;  
HD, Huntington’s disease; Hddiagn, Huntington’s disease diagnosed; IS, Independence scale; MMSE, Mini-mental State Examination; SCNT, Stroop color naming test; 
SDMT, Symbol digit modality test; SIT, Stroop interference test; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, Trailmaking 
A test; UHDRS, Unified Huntington’s Disease Rating Scale; Verfct, verbal fluency test (category); Verflt, verbal fluency test (Letters). 
Bold values: significant differences between groups.
Cross-sectional data determining less motoric symptoms in manifest HD suffering from ADD-CNS and better cognitive performance in seven out of eight cognitive tests 
under immunomodulating therapies if compared with manifest other HD participants.
aHigher scores = more impairment.
bHigher scores = better performance.
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beta or fumaric acid might reveal beneficial effects 
on the course of HD.49,50 Treatment with inter-
feron beta had positive effects on cognitive impair-
ment in a cohort of n = 50 patients51 with relapsing 
multiple sclerosis and the oral dimethyl fumarate 

positively influences cognition in a cohort of 
n = 217 participants.52 A partly longitudinal slow-
ing of cognitive impairment was similarly accented 
in the cohort of HD-ADD-CNS patients investi-
gated in this study revealing underlying positive 

Table 5.  ADD-CNS with no known immunomodulating therapies versus control at baseline visit.

Manifest HD suffering 
from ADD-CNS group 
no immunomodulating 
therapies (n = 19)

Manifest HD 
(n = 10,919)

F p Part. eta2

Age (years); M (SD) 50.5 (11.1) 52.9 (12.8) 0.682 0.409 0.000

CAG high (SD) 42.9 (2.9) 44.0 (3.9)
(n = 10,887)

1.393 0.238 0.000

CAP-Score (SD) 454.6 (112.7) 511.1 (99.3) 6.111 0.013 0.001

Motoric UHDRS
TMS; M (SD)a

35.5 (26.2) 37.8 (21.5)
(n = 10,781)

0.224 0.636 0.000

TFC; M (SD)b 8.2 (4.4) 8.2 (3.7)
(n = 10,853)

0.001 0.977 0.000

IS; M (SD)b 74.2 (20.5) 77.0 (18.9)
(n = 10,852)

0.381 0.537 0.000

SDMT; M (SD)b 29.0 (14.4) 23.0 (2.9)
(n = 9937)

3.504 0.061 0.000

Verfct; M (SD)b 15.7 (8.7) 12.0 (5.8)
(n = 10,475)

7.650 0.006 0.000

SCNT; M (SD)b 50.2 (22.3) 41.7 (18.0)
(n = 10,330)

4.062 0.044 0.000

SWRT; M (SD)b 63.0 (27.5)
(n = 18)

55.5 (23.6)
(n = 10,281)

1.845 0.174 0.000

SIT; M (SD)b 28.5 (13.9) 23.4 (11.6)
(n = 8893)

3.243 0.072 0.000

Verflt; M (SD)b 28.7 (14.6)
(n = 14)

21.0 (13.0)
(n = 7754)

4.922 0.027 0.000

Trla; M (SD)a 51.9 (33.7)
(n = 11)

72.9 (53.0)
(n = 7204)

1.725 0.189 0.000

MMSE; M (SD)b 24.9 (5.5)
(n = 9)

24.8 (4.5)
(n = 6819)

0.001 0.976 0.000

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat 
length; CAP-Score, CAG-Age Product-Index; HD, Huntington’s disease; IS, Independence scale; MMSE, Mini-mental State 
Examination; SCNT, Stroop color naming test; SDMT, symbol digit modality test; SIT, Stroop interference test;  
SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, Trailmaking A test; UHDRS, 
Unified Huntington’s Disease Rating Scale; Verfct, verbal fluency test (category); Verflt, verbal fluency test (Letters).
Cross-sectional data determined better cognitive performance in three out of eight cognitive tests in patients suffering 
from ADD-CNS with no known immunomodulating therapies if compared with manifest other HD participants.
Bold values: significant differences between groups.
aHigher scores = more impairment.
bHigher scores = better performance.

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 15

12	 journals.sagepub.com/home/tan

effects in to tests over time resulting in less pro-
gression compared with other motor-manifest HD 
patients.

Until now, no clinical intervention proved benefi-
cial effects in HD or any other neurodegenerative 
disease.53 Hence, there remains an urgent need to 
investigate promising candidate molecules in 
larger phase II clinical trials.

Another potential explanation to explain better 
cognitive performance in the cohort investigated 
here might be that specific factors in the cascade 
of chronic neuronal inflammation might have had 
not only negative, but also positive effects on neu-
ronal cell death and neurodegenerative processes 
as neuroprotective factors in HD, clinically 
accompanied by better cognitive capacities in 
patients.54 This hypothesis, also called ‘protective 
autoimmunity’ can be supported by data showing 
that an activation of the immune system and 
inflammation in neurodegenerative diseases is not 
solely mediating damage but activating regenera-
tion and repair as protective factors in neurode-
generative diseases.12 This effect might explain 
the positive effects on cognition also in the ADD-
CNS group with no known immunomodulating 
therapy if compared with HD controls. As a sec-
ond potential explanation, one might assume that 
at least some of the HD with ADD-CNS patients 
with no known medication received any immu-
nomodulating therapy before having entered the 
ENROLL-HD study did not report about those 
therapies at inclusion or those therapies were not 
listed, because only therapies since inclusion were 
judged to be relevant by the investigator.

Limitations
As a limitation, the investigation of our clinical 
real-world data coming from an HD observational 
cohort does not allow further differentiation, 
because no other biological samples, imaging data, 
data regarding the course and severity of ADD-
CNS disease like Expanded Disability Status Scale 
(EDSS) scores or diagnosis criteria (Mc Donald 
criteria 2017) are given within the ENROLL-HD 
study. Further underlying pathomechanisms 
within the cohorts and especially within the ADD-
CNS cohorts might have had an undetected influ-
ence on the clinical course of the disease. Moreover, 
effects of specific DMTs especially in patients who 
received other DMTs and medications before 
analysis period of baseline assessment could not be 

analyzed due to low patient numbers. Especially 
the rather small number of patients in the real 
world and within the ENROLL-HD study suffer-
ing from demyelinating CNS diseases and addi-
tional HD are an important limitation prone to 
bias such as the possible recruiting limitation that 
patients with a more aggressive ADD-CNS might 
not be enrolled within ENROLL-HD due to 
potential difficulties to participate.

As a strength of the data presented here, data col-
lection within the ENROLL-HD database offers a 
clear clinical registry design with standardized pro-
ceeding, leading to high-quality data used in this 
analysis. Further investigation regarding the clini-
cal phenotype of coinciding ADD-CNS diseases 
which was conducted for the first time would not 
have been possible in another setting than a global 
multicenter approach. In addition to our analysis 
of data coming from manifest HD participants, we 
investigated two further cohorts of pre-manifest 
HD and HD-genotype negative participants suf-
fering from ADD-CNS within the dataset, reveal-
ing more functional and motoric impairment 
during baseline and over time. Because these dis-
crete differentiations were given within the dataset 
and presumptive comprehensible due to the addi-
tional ADD-CNS disease, we presume that our 
data of the manifest cohort illustrate realistic clini-
cal findings and are not based on a systematic bias. 
To validate our findings, further clinical prospec-
tive studies with larger cohorts are necessary in a 
double-blinded clinical intervention.

As a conclusion, having analyzed the largest real-
world cohort of HD patients, we show that patients 
suffering from motor-manifest HD and simultane-
ously from autoimmune demyelinating CNS dis-
eases have better cognitive capacities in comparison 
to other motor-manifest HD patients. Moreover, 
the use of DMT might elicit positive effects in HD, 
although this effect might have been biased by a 
younger age in DMT-treated patients.

Declarations

Ethics approval and consent to participate
All subjects gave their informed consent for inclu-
sion before they participated in the study. The study 
was conducted in accordance with the Declaration 
of Helsinki, and the protocol was approved by the 
Ethic Committees of all study sites, which are part 
of the global multi-center longitudinal observational 
study ENROLL-HD. Each study site was required 

https://journals.sagepub.com/home/tan


J Achenbach, C Saft et al.

journals.sagepub.com/home/tan	 13

to obtain and maintain local ethical approval. This 
study was registered at ClinicalTrials.gov with iden-
tifier: NCT01574053.

Consent for publication
Informed consent was obtained from all subjects 
involved in the study. The data that support the 
findings of this study are available from the cor-
responding author upon reasonable request.

Author contributions
Jannis Achenbach: Conceptualization; Data 
curation; Formal analysis; Methodology; 
Visualization; Writing – original draft; Writing – 
review & editing.

Carsten Saft: Conceptualization; Data curation; 
Formal analysis; Methodology; Visualization; 
Writing – original draft; Writing – review & 
editing.

Simon Faissner: Project administration; 
Supervision; Writing – original draft; Writing – 
review & editing.

Gisa Ellrichmann: Investigation; Project 
administration; Supervision; Writing – review & 
editing.

Acknowledgements
Enroll-HD is a clinical research platform and lon-
gitudinal observational study for Huntington’s 
disease families intended to accelerate progress 
toward therapeutics; it is sponsored by the CHDI 
Foundation, a nonprofit biomedical research 
organization exclusively dedicated to collabora-
tively developing therapeutics for HD. Enroll-HD 
would not be possible without the vital contribu-
tion of the research participants and their fami-
lies. We acknowledge the individuals (https://
www.enroll-hd.org/acknowledgments/) who con-
tributed to the collection of the Enroll-HD data. 
We acknowledge support by the DFG Open 
Access Publication Funds of the Ruhr-Universität 
Bochum. We are grateful for the continued sup-
port from Ralf Gold.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of interest statement
The authors declared the following potential 
conflicts of interest with respect to the research, 

authorship, and/or publication of this article: J.A. 
declares no conflict of interest. C.S. reports per-
sonal fees/honoraria from Teva Pharma GmbH, 
as well as non-financial support and other sup-
port from ENROLL-HD study (CHDI), 
PRIDE-HD (TEVA, Neurosearch), PROOF-HD 
(Prilenia), LEGATO (TEVA), and Amaryllis 
(Pfizer), AFQ056 (Novartis), ASO (IONIS 
Pharmaceuticals, Roche AG, WAVE) for the 
conducting of studies and grants from Biogen, 
the German Huntington foundation, and CHDI 
all outside the submitted work and without rele-
vance to the manuscript. S.F. received speaker’s 
or scientific advisory board honoraria from 
Biogen, BMS, Celgene, Novartis, and Roche and 
grant support from Ruhr-University Bochum, 
DMSG, Stiftung für therapeutische Forschung, 
and Novartis, unrelated to the content of this 
manuscript. G.E. received speaker’s or scientific 
advisory board honoraria from Biogen, BMS, 
Celgene, Novartis, and Roche and grant support 
from Ruhr-University Bochum, none related to 
this manuscript.

Availability of data and materials
The data that support the findings of this study 
are available from the corresponding author upon 
reasonable request.

ORCID iDs
Jannis Achenbach  https://orcid.org/0000- 
0002-9950-7877

Simon Faissner  https://orcid.org/0000-0002- 
3412-762X

References
	 1.	 Walker FO. Huntington’s disease. Lancet 2007; 

369: 218–228.

	 2.	 Achenbach J, von Hein SM and Saft C. 
Functional and cognitive capacity differ in 
dystonic motor subtypes when compared to 
choreatic and hypokinetic-rigid motor subtypes 
in Huntington’s disease. Brain Behav 2020; 10: 
e01704.

	 3.	 Achenbach J, Thiels C, Lücke T, et al. Clinical 
manifestation of Juvenile and pediatric HD 
patients: a retrospective case series. Brain Sci 
2020; 10.

	 4.	 Ellrichmann G, Reick C, Saft C, et al. The role of 
the immune system in Huntington’s disease. Clin 
Dev Immunol 2013; 2013: 541259.

https://journals.sagepub.com/home/tan
https://www.enroll-hd.org/acknowledgments/
https://www.enroll-hd.org/acknowledgments/
https://orcid.org/0000-0002-9950-7877
https://orcid.org/0000-0002-9950-7877
https://orcid.org/0000-0002-3412-762X
https://orcid.org/0000-0002-3412-762X


Therapeutic Advances in 
Neurological Disorders Volume 15

14	 journals.sagepub.com/home/tan

	 5.	 von Essen MR, Hellem MNN, Vinther-Jensen T, 
et al. Early intrathecal T helper 17.1 cell activity 
in Huntington disease. Ann Neurol 2020; 87: 
246–255.

	 6.	 Pavese N, Gerhard A, Tai YF, et al. Microglial 
activation correlates with severity in Huntington 
disease: a clinical and PET study. Neurology 
2006; 66: 1638–1643.

	 7.	 Tai YF, Pavese N, Gerhard A, et al. Imaging 
microglial activation in Huntington’s disease. 
Brain Res Bull 2007; 72: 148–151.

	 8.	 Corey-Bloom J, Fischer RS, Kim A, et al. Levels 
of Interleukin-6 in Saliva, but not plasma, 
correlate with clinical metrics in Huntington’s 
disease patients and healthy control subjects. Int J 
Mol Sci 2020; 21: 6363.

	 9.	 Björkqvist M, Wild EJ, Thiele J, et al. A novel 
pathogenic pathway of immune activation 
detectable before clinical onset in Huntington’s 
disease. J Exp Med 2008; 205: 1869–1877.

	10.	 Liddelow SA, Guttenplan KA, Clarke LE, et 
al. Neurotoxic reactive astrocytes are induced 
by activated microglia. Nature 2017; 541: 
481–487.

	11.	 Faissner S, Plemel JR, Gold R, et al. Progressive 
multiple sclerosis: from pathophysiology to 
therapeutic strategies. Nat Rev Drug Discov 2019; 
18: 905–922.

	12.	 Stephenson J, Nutma E, van der Valk P, et 
al. Inflammation in CNS neurodegenerative 
diseases. Immunology 2018; 154: 204–219.

	13.	 Linker RA, Lee DH, Demir S, et al. Functional 
role of brain-derived neurotrophic factor in 
neuroprotective autoimmunity: therapeutic 
implications in a model of multiple sclerosis. 
Brain 2010; 133: 2248–2263.

	14.	 Aharoni R, Arnon R and Eilam R. Neurogenesis 
and neuroprotection induced by peripheral 
immunomodulatory treatment of experimental 
autoimmune encephalomyelitis. J Neurosci 2005; 
25: 8217–8228.

	15.	 Moalem G, Gdalyahu A, Shani Y, et al. 
Production of neurotrophins by activated T cells: 
implications for neuroprotective autoimmunity. J 
Autoimmun 2000; 15: 331–345.

	16.	 Achenbach J, Faissner S and Saft C. Differential 
diagnosis of Chorea-HIV infection delays 
diagnosis of Huntington’s disease by years. Brain 
Sci 2021; 11: 710.

	17.	 Hametner S, Wimmer I, Haider L, et al. Iron and 
neurodegeneration in the multiple sclerosis brain. 
Ann Neurol 2013; 74: 848–861.

	18.	 Campos-Escamilla C. The role of transferrins 
and iron-related proteins in brain iron transport: 
applications to neurological diseases. Adv Protein 
Chem Struct Biol 2021; 123: 133–162.

	19.	 Faissner S, Mishra M, Kaushik DK, et al. 
Systematic screening of generic drugs for 
progressive multiple sclerosis identifies 
clomipramine as a promising therapeutic. Nat 
Commun 2017; 8: 1990.

	20.	 Ceylan U, Haupeltshofer S, Kämper L, 
et al. Clozapine regulates microglia and is 
effective in chronic experimental autoimmune 
encephalomyelitis. Front Immunol 2021; 12: 
656941.

	21.	 Faissner S, Mahjoub Y, Mishra M, et al. 
Unexpected additive effects of minocycline 
and hydroxychloroquine in models of multiple 
sclerosis: prospective combination treatment for 
progressive disease? Mult Scler 2018; 24: 1543–
1556.

	22.	 Jamwal S, Elsworth JD, Rahi V, et al. Gene 
therapy and immunotherapy as promising 
strategies to combat Huntington’s disease-
associated neurodegeneration: emphasis on 
recent updates and future perspectives. Expert 
Rev Neurother 2020; 20: 1123–1141.

	23.	 Ellrichmann G, Blusch A, Fatoba O, et al. 
Laquinimod treatment in the R6/2 mouse model. 
Sci Rep 2017; 7: 4947.

	24.	 Reick C, Ellrichmann G, Tsai T, et al. 
Expression of brain-derived neurotrophic factor 
in astrocytes – beneficial effects of glatiramer 
acetate in the R6/2 and YAC128 mouse models 
of Huntington’s disease. Exp Neurol 2016; 285: 
12–23.

	25.	 Ellrichmann G, Petrasch-Parwez E, Lee D-H, et 
al. Efficacy of fumaric acid esters in the R6/2 and 
YAC128 models of Huntington’s disease. PLoS 
ONE 2011; 6: e16172.

	26.	 Di Pardo A, Amico E, Favellato M, et al. 
FTY720 (fingolimod) is a neuroprotective and 
disease-modifying agent in cellular and mouse 
models of Huntington disease. Hum Mol Genet 
2014; 23: 2251–2265.

	27.	 Reilmann R, Gordon MF, Anderson KE, et al. 
The efficacy and safety results of laquinimod 
as a treatment for Huntington disease 
(LEGATO-HD) (S16.007). Neurology 2019; 
92, https://n.neurology.org/content/92/15_
Supplement/S16.007

	28.	 Elgart A, Zur AA, Mimrod D, et al. The effect 
of laquinimod, a novel immuno-modulator in 

https://journals.sagepub.com/home/tan
https://n.neurology.org/content/92/15_Supplement/S16.007
https://n.neurology.org/content/92/15_Supplement/S16.007


J Achenbach, C Saft et al.

journals.sagepub.com/home/tan	 15

development to treat Huntington disease, on 
the pharmacokinetics of ethinylestradiol and 
levonorgestrel in healthy young women. Eur J 
Clin Pharmacol 2019; 75: 41–49.

	29.	 Mestre TA. Recent advances in the therapeutic 
development for Huntington disease. 
Parkinsonism Relat Disord 2019; 59: 125–130.

	30.	 Achenbach J, Saft C and Faissner S. Longitudinal 
evaluation of the effect of tricyclic antidepressants 
and neuroleptics on the course of Huntington’s 
disease – data from a real world cohort. Brain Sci 
2021; 11: 413.

	31.	 Denis HL, David LS and Cicchetti F. Antibody-
based therapies for Huntington’s disease: current 
status and future directions. Neurobiol Dis 2019; 
132: 104569.

	32.	 Achenbach J and Saft C. Data from 
ENROLL-HD: is the prevalence of juvenile and 
pediatric Huntington’s disease overestimated. 
Parkinsonism Relat Disord 2021; 88: 1–2.

	33.	 Zhang Y, Long JD, Mills JA, et al. Indexing 
disease progression at study entry with individuals 
at-risk for Huntington disease. Am J Med Genet B 
Neuropsychiatr Genet 2011; 156B: 751–763.

	34.	 Unified Huntington’s Disease Rating Scale: 
reliability consistency. Huntington Study Group. 
Mov Disord 1996; 11: 136–142.

	35.	 Shoulson I and Fahn S. Huntington disease: 
clinical care and evaluation. Neurology 1979; 29: 
1–3.

	36.	 Flachenecker P and Stuke K. National MS 
registries. J Neurol 2008; 255(Suppl. 6): 102–108.

	37.	 Markowitz CE. Multiple sclerosis update. Am J 
Manag Care 2013; 19: s294–s300.

	38.	 Denis HL, Lauruol F and Cicchetti F. Are 
immunotherapies for Huntington’s disease a 
realistic option. Mol Psychiatry 2019; 24: 364–377.

	39.	 Tabrizi SJ, Flower MD, Ross CA, et al. 
Huntington disease: new insights into molecular 
pathogenesis and therapeutic opportunities. Nat 
Rev Neurol 2020; 16: 529–546.

	40.	 Moss DJH, Pardiñas AF, Langbehn D, et al. 
Identification of genetic variants associated with 
Huntington’s disease progression: a genome-
wide association study. Lancet Neurol 2017; 16: 
701–711.

	41.	 Prod homme T and Zamvil SS. The evolving 
mechanisms of action of glatiramer acetate. Cold 
Spring Harb Perspect Med 2019; 9: a029249.

	42.	 Arnon R and Aharoni R. Neuroprotection and 
neurogeneration in MS and its animal model 
EAE effected by glatiramer acetate. J Neural 
Transm (Vienna) 2009; 116: 1443–1449.

	43.	 Yong VW. Prospects for neuroprotection in 
multiple sclerosis. Front Biosci 2004; 9: 864–872.

	44.	 Corey-Bloom J, Aikin AM, Gutierrez AM, et 
al. Beneficial effects of glatiramer acetate in 
Huntington’s disease mouse models: evidence 
for BDNF-elevating and immunomodulatory 
mechanisms. Brain Res 2017; 1673: 102–110.

	45.	 Corey-Bloom J, Jia H, Aikin AM, et al. Disease 
modifying potential of glatiramer acetate in 
Huntington’s disease. J Huntingtons Dis 2014; 3: 
311–316.

	46.	 Salihu SA, Ghafari H, Ahmadimanesh M, et al. 
Glatiramer acetate attenuates depressive/anxiety-
like behaviors and cognitive deficits induced 
by post-weaning social isolation in male mice. 
Psychopharmacology (Berl) 2021; 238: 2121–2132.

	47.	 Landmeyer NC, Bürkner P-C, Wiendl H, et al. 
Disease-modifying treatments and cognition in 
relapsing-remitting multiple sclerosis: a meta-
analysis. Neurology 2020; 94: e2373–e2383.

	48.	 Benedict RHB, Tomic D, Cree BA, et al. 
Siponimod and cognition in secondary 
progressive multiple sclerosis: EXPAND 
secondary analyses. Neurology 2021; 96: 
e376–e386.

	49.	 Valadão PAC, Santos KBS, Ferreira E, et al. 
Inflammation in Huntington’s disease: a few new 
twists on an old tale. J Neuroimmunol 2020; 348: 
577380.

	50.	 Erratum. Brain 2020; 143: e24.

	51.	 Melanson M, Grossberndt A, Klowak M, et al. 
Fatigue and cognition in patients with relapsing 
multiple sclerosis treated with interferon β. Int J 
Neurosci 2010; 120: 631–640.

	52.	 Amato MP, Goretti B, Brescia Morra V, et 
al. Effects of 2-year treatment with dimethyl 
fumarate on cognition and functional impairment 
in patients with relapsing remitting multiple 
sclerosis. Neurol Sci 2020; 41: 3185–3193.

	53.	 Fatoba O, Ohtake Y, Itokazu T, et al. 
Immunotherapies in Huntington’s disease and α-
Synucleinopathies. Front Immunol 2020; 11: 337.

	54.	 Subhramanyam CS, Wang C, Hu Q, et al. 
Microglia-mediated neuroinflammation in 
neurodegenerative diseases. Semin Cell Dev Biol 
2019; 94: 112–120.

Visit SAGE journals online 
journals.sagepub.com/
home/tan

SAGE journals

https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 15

16	 journals.sagepub.com/home/tan

Appendix 1.  Propensity score matching for all manifest HD subjects suffering from ADD-CNS.

Domain/variable Manifest HD suffering 
from ADD-CNS
n = 32

Manifest HD
n = 96

t p Coefficients (Cohen’s 
d/Chi-Quadrat)

Age (years); M (SD) 49.3 (10.3) 49.2 (11.6) 0.041 0.968 11.30

CAG; M (SD) 43.5 (2.9) 43.6 (2.8) 0.215 0.830 2.847

Sex (f/m) (%f) 21/11 (65.6) 65/31 (67.7) NA 0.831 0.047

ISCED 3.4 (1.3) 3.3 (1.2) 0.342 0.733 1.195

Region (Australasia/Europe/
Latin America/Northern 
America) (%Europe)

0/26/0/6 (81.3) 1/64/1/30 (66.7) NA 0.346 2.726

UHDRS TMS; M (SD)a 32.1 (24.3) 34.3 (18.3) −0.534 0.594 19.981

TFC; M (SD)b 8.6 (3.9) 8.4 (3.0) 0.233 0.816 3.280

IS; M (SD)b 76.1 (20.2) 79.1 (14.0) −0.770 0.445 15.799

SDMTb 28.8 (13.3)
(n = 29)

21.2 (10.6)
(n = 93)

3.601 <0.001 11.000

Verfctb 14.3 (8.0) 12.2 (5.0)
(n = 95)

1.401 0.169 5.906

SCNTb 48.9 (20.4)
(n = 31)

38.6 (13.1)
(n = 95)

3.910 <0.001 14.586

SWRTb 62.5 (25.3)
(n = 31)

51.0 (18.7)
(n = 94)

2.727 <0.050 20.525

SITb 28.2 (13.5)
(n = 30)

21.8 (9.1)
(n = 85)

2.903 <0.005 10.420

VerFcb 27.1 (13.2)
(n = 24)

20.8 (11.5)
(n = 78)

2.293 <0.050 5.906

MMSEb 26.3 (4.7)
(n = 15)

24.4 (3.9)
(n = 74)

1.691 0.094 4.111

Trlaa 56.0 (49.1)
(n = 21)

80.7 (56.6)
(n = 75)

−1.790 0.077 55.951

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; HD, Huntington’s 
disease; IS, Independence scale; ISCED, Educational level; MMSE, Mini-mental State Examination; SCNT, Stroop color naming test; SD, standard 
deviation; SDMT, symbol digit modality test; SIT, Stroop interference test; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total 
motor score; Trla, Trailmaking A test; UHDRS, Unified Huntington’s Disease Rating Scale; VerFc, verbal fluency test (Letters); Verfct, verbal fluency 
test (category). Bold values: significant differences between groups.
ADD-CNS HD patients were matched 1:3 to manifest HD patients. Age, CAG, sex, and ISCED were used for calculating propensity scores.
aHigher scores = more impairment.
bHigher scores = better performance.
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Appendix 2.  Propensity score matching for pre-manifest HD subjects suffering from ADD-CNS.

Domain/variable Pre-manifest HD 
suffering from ADD-CNS
n = 12

Pre-manifest 
HD
n = 36

t p Coefficients 
(Cohen’s d/Chi-
Quadrat)

Age (years); M (SD) 43.7 (9.8) 43.0 (12.2) 0.027 0.870 11.69

CAG; M (SD) 41.0 (1.3) 41.0 (1.4) 0.000 1.00 1.38

Sex (f/m) (%f) 11/1 (91.7) 32/ 4 (88.9) NA 0.633 0.785

ISCED 4.1 (1.2) 4.2 (1.2) 0.281 0.780 1.18

Region (Australasia/Europe/
Northern America) (%Europe)

0/6/6 (50) 3/23/10 (63.9) NA 0.270 2.621

UHDRS TMS; M (SD)a 3.7 (5.3) 1.9 (2.5) 1.12 0.281 3.38

TFC; M (SD)b 12.5 (0.9) 12.9 (0.3) −1.66 0.122 0.529

IS; M (SD)b 96.7 (6.1) 100.0 (0.0) −1.88 0.087 3.010

SDMTb 49.0 (15.0) 50.0 (10.0) 0.256 0.799 11.382

Verfctb 23.0 (6.7) 21.8 (6.1) 0.556 0.581 6.295

SCNTb 65.6 (19.2) 75.7 (14.5) −1.92 0.061 15.781

SWRTb 85.6 (27.0) 94.1 (13.9) −1.04 0.351 17.962

SITb 41.2 (11.8) 44.4 (10.2)
(n = 34)

−0.915 0.365 10.662

VerFcb 39.2 (14.1)
(n = 11)

39.6 (14.1)
(n = 31)

−0.094 0.927 14.086

MMSEb 28.1 (2.3)
(n = 7)

28.9 (1.3)
(n = 27)

−0.879 0.409 1.507

Trlaa 30.0 (11.1)
(n = 11)

26.4 (10.0)
(n = 30)

0.993 0.327 10.287

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; HD, Huntington’s 
disease; IS, Independence scale; ISCED, Educational level; MMSE, Mini-mental State Examination; SCNT, Stroop color naming test; SDMT, symbol 
digit modality test; SIT, Stroop interference test; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, 
Trailmaking A test; UHDRS, Unified Huntington’s Disease Rating Scale; VerFc, verbal fluency test (Letters); Verfct, verbal fluency test (category).
ADD-CNS HD patients were matched 1:3 to manifest HD patients. Age, CAG, sex, and ISCED were used for calculating propensity scores.
aHigher scores = more impairment.
bHigher scores = better performance.

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 15

18	 journals.sagepub.com/home/tan

Appendix 3.  Propensity score matching for manifest HD subjects suffering from ADD-CNS with immunomodulating therapies.

Domain/variable Manifest HD suffering 
from ADD-CNS group with 
immunomodulating therapies
n = 12

Manifest HD
n = 36

t p Coefficients (Cohen’s 
d/Chi-Quadrat)

Age (years); M (SD) 45.2 (8.5) 42.4 (8.7) 1.00 0.322 0.33

CAG; M (SD) 44.4 (2.9) 46.0 (3.6) −1.39 0.170 −0.46

Sex (f/m) (%f) 7/5 (58.3) 25/11 (69.4) NA 0.356 0.500

ISCED 3.3 (0.9) 3.4 (0.9) −0.08 0.933 −0.03

Region (Europe/Northern 
America) (%Europe)

11/1 (91.7) 43/5 (89.6) NA 0.633 0.074

UHDRS TMS; M (SD)a 21.7 (15.5) 34.1 (19.9) −1.95 0.057 −0.65

TFC; M (SD)b 9.8 (2.4) 9.3 (3.3) 0.48 0.630 0.162

IS; M (SD)b 83.7 (13.3) 82.4 (16.8) 0.26 0.797 0.086

SDMTb 31.4 (10.2) 22.1 (11.5)
(n = 34)

2.48 0.017 0.834

Verfctb 14.5 (7.3) 12.3 (4.2) 1.24 0.220 0.416

SCNTb 52.6 (12.7) 39.6 (14.8) 2.71 0.009 0.908

SWRTb 69.9 (19.0) 51.8 (21.5) 2.59 0.013 0.865

SITb 30.8 (11.4) 24.2 (10.6)
(n = 29)

1.78 0.082 0.613

VerFcb 29.4 (7.8)
(n = 9)

20.2 (11.5)
(n = 26)

2.21 0.034 0.856

MMSEb 28.7 (2.4)
(n = 6)

25.7 (3.6)
(n = 21)

1.92 0.067 0.887

Trlaa 36.9 (9.2)
(n = 9)

68.6 (31.9)
(n = 24)

−4.40 <0.001 −1.136

ADD-CNS, autoimmune demyelinating disease of the central nervous system; CAG, Cytosine-Adenine-Guanine repeat length; HD, Huntington’s 
disease; IS, Independence scale; ISCED, Educational level; MMSE, Mini-mental State Examination; SCNT, Stroop color naming test; SDMT, symbol 
digit modality test; SIT, Stroop interference test; SWRT, Stroop word reading test; TFC, total functional capacity; TMS, total motor score; Trla, 
Trailmaking A test; UHDRS, Unified Huntington’s Disease Rating Scale; VerFc, verbal fluency test (Letters); Verfct, verbal fluency test (category).
ADD-CNS HD patients were matched 1:3 to manifest HD patients. Age, CAG, sex, and ISCED were used for calculating propensity scores. Bold 
values: significant differences between groups.
aHigher scores = more impairment.
bHigher scores = better performance.
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