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ABSTRACT

Objective Converging evidence suggests that intestinal inflammation is involved in the pathogenesis of neurodegenerative
diseases. Previous studies on fecal calprotectin in Parkinson’s disease (PD) were limited by small sample sizes, and literature re-
garding intestinal inflammation in multiple system atrophy (MSA) is very scarce. We investigated the levels of fecal calprotectin,
a marker of intestinal inflammation, in PD and MSA.

Methods We recruited 169 subjects (71 PD, 38 MSA, and 60 age-similar nonneurological controls). Clinico-demographic data
were collected. PD and MSA were subtyped and the severity assessed using the MDS-UPDRS and UMSARS, respectively. Fecal
calprotectin and blood immune markers were analyzed.

Results Compared to controls (median: 35.7 [IQR: 114.2] pg/g), fecal calprotectin was significantly elevated in PD (median:
95.6 [IQR: 162.1] pg/g, p = 0.003) and even higher in MSA (median: 129.5 [IQR: 373.8] ug/g, p = 0.002). A significant interaction
effect with age was observed; between-group differences were significant only in older subjects (i.e., = 61 years) and became more
apparent with increasing age. A total of 28.9% of MSA and 18.3% of PD patients had highly abnormal fecal calprotectin levels (=
250 pg/g); however, this difference was only significant for MSA compared to controls. Fecal calprotectin correlated moderately
with selected blood immune markers in PD, but not with clinical features of PD or MSA.

Conclusions Elevated fecal calprotectin suggests a role for intestinal inflammation in PD and MSA. A more complete under-
standing of gut immune alterations could open up new avenues of research and treatment for these debilitating diseases.

Keywords  Fecal calprotectin; Intestinal inflammation; Multiple system atrophy; Parkinson’s disease.

Parkinson's disease (PD) and multiple system atrophy (MSA)  cells in MSA. Clinically, in addition to having overlapping mo-
are neurodegenerative disorders that are pathologically charac-  tor features, patients with PD and MSA commonly experience
terized by the accumulation of insoluble a-synuclein proteinin  gastrointestinal (GI) symptoms such as constipation, and path-
the nervous system, mainly in neurons in the case of PD and glial  ological a-synuclein has also been found within the enteric ner-
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vous system in both conditions." Therefore, there has been a
growing recognition of the importance of the “gut-brain axis”
in the pathogenesis of these disorders, especially in PD,” includ-
ing the dysregulation of immune responses in the gut and brain.*

Studies have demonstrated significantly altered gut microbiome
compositions in patients with PD and MSA compared to con-
trols.>>® In a PD mouse model study, gut microbes were shown
to promote neuroinflammatory responses, leading to increased
motor disability and a-synuclein deposition in the brain.’ In-
terestingly, several colonic biopsy and fecal studies found evi-
dence of intestinal inflammation in PD, somewhat akin to the
changes seen in inflammatory bowel disease (IBD)."” Devos et
al."” reported increased mRNA expression of the main proin-
flammatory cytokines (tumor necrosis factor alpha [TNF-a], in-
terferon gamma [IFN-y], interleukin 6 [IL-6], and interleukin 1
beta [IL-1p]) in colonic biopsies from 19 PD patients; subsequent-
ly, Houser et al."" reported elevated levels of IL-1a, 1f, CXCLS8,
and C-reactive protein in the stool of PD patients. Other studies
have shown an epidemiological and genetic link between IBD
and PD."” Meanwhile, the literature regarding intestinal inflam-
mation in MSA remains very scarce, involving a total of only 12
patients from two studies, which had conflicting results.’** Spe-
cifically, Engen et al.” performed immunohistochemistry studies
of the colonic sigmoid mucosa from 6 MSA patients and found
increased lamina propria expression of the endotoxin-related in-
flammation marker Toll-like receptor 4 (TLR4). In contrast, Rolli-
Derkinderen et al.”” found increased mRNA expression of pro-
inflammatory cytokines in colonic biopsies only in PD (n = 29)
but not MSA (n = 6) patients.

Calprotectin is a protein released predominantly from neutro-
phils during an inflammatory response, with a lesser contribu-
tion from monocytes and macrophages.'* It accounts for approxi-
mately 60% of the cytosolic protein in neutrophils and has a direct
antimicrobial effect." It is found in various body fluids in pro-
portion to the severity of any existing inflammation; in the healthy
state, its concentration in feces is approximately X6 that of its
concentration in plasma.'* In bowel inflammation, calprotectin
is released into the gut lumen by inflammatory cells infiltrating
the mucosa. As a noninvasive biomarker of intestinal inflamma-
tion, fecal calprotectin is currently widely used for diagnosis and
treatment decision-making in IBD."*"* Recently, it has emerged
as a potentially useful research marker for intestinal inflamma-
tion in PD,'® with three cross-sectional case-control studies (1 =
34-55 patients) reporting higher levels in PD patients than in
controls.'**® To our knowledge, there are no published studies
on fecal calprotectin in MSA.

In this study, we aimed to validate the findings of elevated fecal
calprotectin in a larger cohort of PD patients and to compare this
with MSA patients and nonneurological controls. We also aimed
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to investigate the correlations between fecal calprotectin and the
clinical phenotype, including standardized and validated mea-
sures of clinical disease severity in PD and MSA.

MATERIALS & METHODS

Subjects

This study was approved by the medical research ethics com-
mittees of the University of Malaya Medical Centre (UMMG; ID
No.: 201837-6089) and University Kebangsaan Malaysia Medi-
cal Centre (UKMMG; ID No.: FF-2019-258), and conducted in
accordance with the Declaration of Helsinki. Consecutive pa-
tients with PD and MSA attending neurology clinics were re-
cruited by movement disorder neurologists (SYL, AHT, and
NMI), together with spousal controls without neurological dis-
orders. Written informed consent was obtained from all subjects.
“Clinically probable” PD and MSA were diagnosed according to
consensus criteria.”” The exclusion criteria were antibiotic use
within the preceding 3 months, probiotic use within the preced-
ing month, a history of colorectal disease or major abdominal/
pelvic surgery, long-term care residence, tube feeding, or an in-
ability to complete the study assessments. Additional exclusion
criteria for patients were antiparkinsonian medication initiation
within the preceding 3 months and adjustment within the pre-
ceding month.

Clinical evaluation

Demographic data were collected. Clinical evaluations includ-
ed body mass index (BMI), assessment of constipation and cog-
nitive function using the Patient Assessment of Constipation-
Symptoms (PAC-SYM), and the Montreal Cognitive Assessment
(MoCA). The PD severity was evaluated using the International
Parkinson and Movement Disorder Society-Unified PD Rating
Scale (MDS-UPDRS) during the ON medication state, while
MSA severity was evaluated using the Unified MSA Rating Scale
(UMSARS).

Fecal sample collection and calprotectin analysis

Subjects were provided a written protocol for optimal fecal col-
lection (how to avoid sample contamination) and transportation
methods. Fecal samples were collected at home by the subjects
in sterile containers and were immediately placed on ice. Upon
arrival at UMMC or UKMMC, the samples were aliquoted and
immediately frozen at -20°C (in most cases, this occurred with-
in 1-3 hours of collection). Fecal calprotectin was measured us-
ing an enzyme-linked immunosorbent assay (ELISA; EUROIM-
MUN Medizinische Labordiagnostika AG; Lubeck, Germany)
following the manufacturer’s instructions.
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Peripheral blood counts and immunological
evaluations

Blood samples were obtained between 8.00-10.00 am after an
overnight fast in a subset of subjects (24 PD, 18 MSA, and 56
controls) and immediately sent to the UMMC laboratory for full
blood count analysis. The remaining samples were centrifuged
within 2 hours of collection, and the extracted serum was im-
mediately stored at -80°C until further analysis. Serum levels of
cytokines and their precursors (TNFa, IFNy, IL-1b, IL-4, IL-6,
and IL-17, nuclear factor-kappa-light-chain-enhancer of acti-
vated B cells [NF-kb] and caspase-1) were measured using dou-
ble-antibody sandwich ELISA (Sunred Biological Technology,
Shanghai, China).

Statistical analysis

Analyses were performed using SPSS version 21 (IBM Corp.,
Armonk, NY, USA). Descriptive data for the outcomes were ex-
pressed as the mean * standard deviation (for normally distrib-
uted data) or median with interquartile range (nonnormally dis-
tributed data). The Shapiro-Wilk test was used to determine the
normality of the data before comparisons were made. Categor-
ical data were analyzed using the chi-square test, while contin-
uous data were analyzed using one-way analysis of variance
(ANOVA) with Tukey’s honestly significant difference (HSD)
test, the Kruskal-Wallis test or the Mann-Whitney test. Gener-
alized linear models were used to investigate the effects of age
and constipation severity on between-group differences in fecal
calprotectin. Correlation analyses were conducted using Spear-
man’s rank correlation coefficient test. Two-sided p values < 0.05
were considered to indicate statistical significance. Graphics were
generated using the ggplot2 R package in R (version 3.6.3; R
Development Core Team, Vienna, Austria).

RESULTS

The demographic and clinical characteristics of the subjects
are summarized in Table 1. The PD patients were significantly
older than the MSA patients and controls. The MSA and PD pa-
tients had significantly worse constipation severity than the con-
trols. Two patients with PD were taking fiber supplements.

Between-group differences in fecal calprotectin
Compared to the controls (median: 35.7 [IQR: 114.2] ug/g of
stool), fecal calprotectin levels were significantly elevated in PD
(median: 95.6 [IQR: 162.1] pg/g, p = 0.003) and even higher in
MSA (median: 129.5 [IQR: 373.8] ug/g, p = 0.002) (Figure 1).
There was no significant difference in fecal calprotectin levels
between PD and MSA patients (p = 0.405). Using a cutoff value
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of > 250 ug/g," 28.9% of MSA patients and 18.3% of PD patients
had abnormal fecal calprotectin levels, which were significantly
higher than that of controls (8.3%, p = 0.029); post hoc analyses
revealed that this difference was significant for MSA vs. controls
(p = 0.007) but not between PD vs. controls (p = 0.098) or be-
tween PD vs. MSA (p = 0.202) (Figure 1).

As fecal calprotectin has been reported to be higher in older
people,' we examined the effects of age on the between-group
differences in fecal calprotectin. We found significant interaction
effects between age and disease status in the calprotectin com-
parisons between PD vs. controls and between MSA vs. controls.
These interaction effects are depicted in scatter plots (Figure 2A
and B), where the differences in fecal calprotectin levels between
PD and controls and between MSA and controls are only appar-
ent in older subjects and become more apparent with increasing
age. When the subjects were dichotomized using an age cutoff of
60 years, there were significant differences in fecal calprotectin
levels between PD (median: 108.0 [IQR: 185.5] pg/g, p = 0.002)
and controls (median: 39.0 [IQR: 113.2] ug/g), and between MSA
(median: 150.4 [IQR: 351.9] pg/g, p = 0.011) and controls, in
those aged = 61 years (Figure 2C and D). However, there were no
significant between-group differences for subjects < 60 years.

Next, we proceeded to analyze constipation severity as a covari-
ate using generalized linear models. Between-group differences
in fecal calprotectin levels remained significant for the compari-
son between MSA vs. controls (p < 0.001) and were borderline
significant for the comparison between PD vs. controls (p = 0.085).
Notably, constipation severity did not have a significant effect on
fecal calprotectin in either model.

Correlations with clinical variables and
immunological markers

In the control cohort, fecal calprotectin levels did not correlate
with age, sex, smoking status, BMI, or constipation severity (Sup-
plementary Table 1 in the online-only Data Supplement). Fecal
calprotectin correlated with age in PD patients with a small ef-
fect size (r; = 0.252, p = 0.034). In the PD and MSA subgroups,
fecal calprotectin did not correlate with sex, smoking status, dis-
ease duration, age of onset, constipation severity, BMI, levodopa-
equivalent daily dosage, PD motor severity (MDS-UPDRS part
III), severity of motor response complications (MDS-UPDRS part
IV), MSA severity (total of UMSARS Parts I and II), or cogni-
tive function (Supplementary Tables 2 and 3 in the online-only
Data Supplement). In PD, there was no significant difference in
fecal calprotectin levels between the tremor-dominant vs. pos-
tural instability-gait disorder subtypes (median: 87.7 [IQR: 187.4]
vs. 96.9 [IQR: 161.2] ug/g, p = 0.913). In MSA, fecal calprotectin
levels were nonsignificantly higher in the parkinsonian vs. cer-
ebellar-predominant subtype (median: 153.1 [IQR: 414.9] vs.
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Table 1. Demographics and clinical characteristics of the recruited subjects

PD (n=71) MSA (n = 38) Controls (n=60) p-value
Age, yr 67.8+7.3 62.7+738 64.3+6.8 0.001*t
Sex, %
Male 69.0 36.8 50.0 0.004**
Ethnicity, % 0.048*+
Malay 9.9 7.9 3.3
Chinese 74.6 921 88.3
Indian 15.5 0.0 8.3
Smoking status, % 0.233*%
Current smoker 2.8 2.6 3.3
Past smoker 324 211 16.7
Never smoked 64.8 76.3 80.0
Body mass index, kg/m? 23.6%+3.9 21.8%5.0 249*42 0.003*t
Comorbidities, %
Diabetes mellitus 16.9 54 20.0 0.141%
Hypertension 31.0 16.2 43.9 0.019*
Ischemic heart disease 11.3 13.2 14.0 0.891%
Stroke 2.8 8.1 1.8 0.244%
Cancer 2.8 10.8 1.8 0.076%
Gastrointestinal symptoms
PAC-SYM score (0-36) 5.5[6] 8.0 [10.0] 1.0 [4.0] <0.001*
Less than 3 bowel movements per week, % 90.1 63.2 20.0 <0.001*
Cognitive function
MoCA score (0-30) 25.0[7.0] 24.519.0] 27.0 [4] < 0.001%*8
Disease duration, onset & LEDD
Disease duration, yr 10.0 [10.0] 3.75[4.0] <0.001*
Age of onset, yr 57.9%£10.0 59.1 £ 8.1 0.535"
LEDD, mg/d 600.0 [475.0] 300.0 [431.0] <0.001*
PD severity and subtype
Motor subtype, % - -
Tremor dominant 19.4 - -
Indeterminate 1.9 - -
PIGD 68.7 - -
MDS-UPDRS part Il 30.0+13.3 - -
MDS-UPDRS total 60.7 £ 21.9 - -
Hoehn & Yahr 2.0[1.0] - -
With motor response complications', % 26.1 - -
MSA severity and subtype
MSA subtype, % - -
MSA-P (predominant parkinsonism) - 57.9 -
MSA-C (predominant cerebellar) - 34.2 -
MSA-PC (mixed) - 7.9 -
UMSARS (total of parts | and II) - 57.2£18.3 -
Hoehn & Yahr - 4.0[1.0] -

Normally distributed data are presented as the mean * standard deviation, while nonnormally distributed data are presented as the median [inter-
quartile range]. *significant difference between groups; tfanalyzed using one-way analysis of variance (ANOVA); *analyzed using chi-square test; San-
alyzed using Kruskal-Walllis test; 'score of MDS-UPDRS part IV of one or more. PD, Parkinson’s disease; MSA, multiple system atrophy; LEDD, le-
vodopa equivalent daily dose; MDS-UPDRS, International Parkinson and Movement Disorder Society-Unified Parkinson’s Disease Rating Scale;
UMSARS, Unified Multiple System Atrophy Rating Scale; MoCA, Montreal Cognitive Assessment; PAC-SYM, Patient Assessment of Constipation
Symptoms; PIGD, postural instability gait disorder.
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Figure 1. Fecal calprotectin levels in PD, MSA and controls. A: Between-group comparisons were analyzed using the Mann—Whitney U
test. Data are expressed as median [interquartile range]. B: Percentage of subjects with highly abnormal calprotectin levels (> 250 ug/g).
Between-group comparisons were analyzed using the chi-square test. *denotes statistical significance. PD, Parkinson’s disease; MSA,

multiple system atrophy.

85.6 [IQR: 168.0], p = 0.219).

In PD, fecal calprotectin levels correlated positively with blood
monocyte (r; = 0.417, p = 0.048) and eosinophil (r, = 0.542, p =
0.008) counts and negatively with IL-17 (r, = -0.443, p = 0.027)
(Supplementary Table 4 in the online-only Data Supplement).
In MSA, no correlations were found between fecal calprotectin
levels and any of the blood markers (Supplementary Table 4 in
the online-only Data Supplement).

DISCUSSION

Fecal calprotectin was found to be significantly elevated in PD
and MSA compared with age-similar nonneurological controls,
with no significant difference between PD and MSA. Notably,
we found a significant interaction effect with age in our analyses;
between-group differences in fecal calprotectin were only signifi-
cant in older subjects (i.e., > 61 years), and they became more
apparent with increasing age. More than a quarter of MSA pa-
tients and almost one-fifth of PD patients had highly abnormal
fecal calprotectin levels in the range typically seen in patients
with active IBD (= 250 pg/g)."” The difference vs. controls in this
comparison was significant only for MSA but not PD. To our
knowledge, increased fecal calprotectin has not previously been
reported in MSA and is thus a novel finding in our study. Taken
together with previous work,'®'""* our observations support the
notion that intestinal inflammation is present in PD and MSA,
and age-associated inflammation may further aggravate this pro-
cess. However, fecal calprotectin did not correlate with the clini-
cal subtype or with the severity of motor and nonmotor features,
including GI symptoms and cognitive function, in PD and MSA.

Our observation of elevated fecal calprotectin in PD is in line
with the findings of previous studies.'*'* An overview compar-
ison shows that the fecal calprotectin elevation in PD (means/

110

medians of 54.5, 87.1 and 176.5 pg/g in the different studies) and
MSA (129.5 ug/g in this study) was generally less pronounced
than that seen in active IBD, likely indicating low-grade or sub-
clinical intestinal inflammation." In IBD, fecal calprotectin lev-
els exceeding 250 pg/g provide better specificity than thresholds
of 100 ug/g or 50 pg/g in differentiating active IBD from remis-
sion.” In one study; ulcerative colitis patients in clinical and en-
doscopic remission who showed biopsy evidence of active histo-
logic inflammation had a median fecal calprotectin level of 278
ug/g," and some authors have suggested fecal calprotectin levels
in the range of 50 to 250 or 300 pg/g indicate low-grade intesti-
nal inflammation.” However, caution is needed when making
comparisons among studies due to issues with the different fecal
calprotectin assays, which is discussed further below. Although
no studies have evaluated fecal calprotectin in MSA, one small
study (n = 6) demonstrated increased expression of TLR4, an
endotoxin-related inflammation marker, in the colonic lamina
propria of MSA patients.”

The occurrence of intestinal inflammation in PD and MSA
might be related to alterations in the colonic microbiome and
metabolome reported in these disorders.>”® One distinct find-
ing in PD microbiome studies is a reduced abundance of short-
chain fatty acid (SCFA)-producing bacteria, and fecal metabolite
studies demonstrated reduced fecal SCFA levels in PD patients.>”"
Interestingly, fecal SCFA levels have also been reported to be re-
duced in MSA.* SCFAs play an important role in microbiota-gut-
brain crosstalk through the regulation of inflammatory cascades,
blood-brain barrier integrity and neuronal survival.*** SCFAs
are major energy substrates for the colonic epithelium, and re-
duced levels may lead to disruption of gut barrier integrity and
intestinal inflammation.*** More recently, a case-control study
reported increased fecal calprotectin together with reduced fe-
cal SCFA levels in PD; however, there were no significant corre-
lations between the two parameters.'® Small intestinal inflamma-
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Figure 2. Fecal calprotectin levels in PD, MSA and controls, according to age. A: Scatterplot of fecal calprotectin levels (ug/g) in PD vs.
controls against age. B: Scatterplot of fecal calprotectin levels (ug/g) in MSA vs. controls against age. C and D: Comparison of fecal calpro-
tectin levels (ug/g) between PD, MSA and controls in two age groups, 60 years and below and 61 years and above. Between-group com-
parisons were analyzed using the Mann-Whitney U test. Data are expressed as median [interquartile range]. *denotes statistical signifi-

cance. PD, Parkinson’s disease; MSA, multiple system atrophy.

tion can also elevate fecal calprotectin, and there is evidence
implicating small bowel involvement in PD.** Epidemiological
studies also highlight the relevance of enteric inflammation in
PD pathogenesis, with recent studies showing an elevated risk
of incident PD among IBD patients.”*

Consistent with previous studies in PD, we did not find any
correlations between fecal calprotectin level and sex,"” PD dura-
tion," Hoehn and Yahr score,'” MDS-UPDRS score," PD mo-
tor subtype,'” levodopa-equivalent daily dosage,”'® or consti-
pation severity.”” Additionally, we did not find any correlation
between fecal calprotectin and cognitive function in PD. Only
one study found fecal calprotectin to be inversely linked to symp-
toms of irritable bowel syndrome in PD, the implications of which

are currently unclear.' Likewise, fecal calprotectin did not cor-
relate with clinical features in MSA patients (cerebellar vs. par-
kinsonian-predominant subtype, severity as assessed by the total
UMSARS Parts I-II, or cognitive function). One possible rea-
son for the overall lack of clinical correlations could be a “ceil-
ing” effect in terms of the intestinal inflammation being relatively
low grade in these conditions. Perhaps more importantly, disease
manifestations and mechanisms are now understood to be highly
heterogeneous, especially in PD, and there is likely to be a vari-
able degree of the contribution of gut-related processes to the
pathogenesis of PD and MSA. For example, a “bottom-up” body-
first sequence of disease involvement is proposed to occur in some
PD patients, but a “top-down” brain-first process takes place in
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others” (in whom intestinal inflammation could be anticipated
to play a lesser role). This idea is consistent with previous find-
ings that not all, but only a subset, of PD patients demonstrate
an “enteric pro-inflammatory profile”’*"*

In our study, we found a larger and more significant difference
between MSA vs. controls compared to PD vs. controls. There
was also a nonsignificant trend of calprotectin levels being higher
in MSA patients than in PD patients. Unlike in PD, where patho-
genetic processes both within and outside the brain are well rec-
ognized, MSA pathology has hitherto been considered to pri-
marily involve the central rather than peripheral nervous system.*
Inflammatory changes in the brain, including microglial activa-
tion, have been observed in MSA for almost two decades.” Stud-
ies of peripheral inflammation, as detected by serum inflamma-
tory markers, have produced conflicting results, with earlier work
(n =14 MSA patients) reporting elevations, particularly TNF-a,
although no increase was found in a later study involving 27 pa-
tients.” There were also suggestions that variants in genes asso-
ciated with gut inflammation, such as nucleotide-binding oligo-
merization domain protein 2 (NOD2)* and leucine-rich repeat
kinase 2 (LRRK2),” may contribute to MSA susceptibility. In-
deed, a large multinational effort recently identified substantial
polygenic overlap between MSA and IBD.” Taken together, these
results support the relevance of the gut-brain axis and gut inflam-
mation in MSA, although additional studies are necessary to
more precisely discern their role in disease pathophysiology.

We believe an important point that has not been sufficiently
highlighted in previous work on gut-related issues in neurode-
generative disorders is the effect of aging,>! which shares many
overlapping biological features with disease states, including im-
paired proteasomal/lysosomal and mitochondrial function, oxi-
dative stress, and inflammation.” Similar to PD* and MSA,’ ag-
ing has also been associated with gut dysbiosis and with multiple
contributing factors, such as impaired intestinal barrier and mo-
tility, gut immunosenescence, lifestyle changes (e.g., diet, living
conditions, physical activity), and health status (e.g., comorbidi-
ties, medications, frailty).” Many of these factors interact and
modulate each other and converge on chronic low-grade inflam-
mation (“inflammaging”).”® Few studies have specifically investi-
gated the influence of aging on fecal calprotectin levels in healthy
adults. A small study from South Korea (n = 45) found that the
oldest subjects (= 70 years) had a mean fecal calprotectin level
%10 higher than that in the < 50 years group (160.3 vs. 15.88 ug/g,
p <0.001), with an intermediate level (mean 35.46 pig/g) seen in
the intermediate (51-69 years)-age group.** In our study; elevat-
ed fecal calprotectin levels in PD and MSA were observed pri-
marily in older patients, with the differences becoming more
pronounced with increasing age. Thus, it appears that the super-
imposition of PD and MSA may further aggravate aging-related
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changes in the gut.

In a subset of subjects with available blood analyses, fecal cal-
protectin levels showed few correlations with blood indices, con-
sistent with the findings in another PD case-control study that
investigated similar markers.' Interestingly, however, moderate-
sized correlations were observed between fecal calprotectin levels
in PD and blood monocytes, eosinophils and IL-17, suggesting
that gut inflammatory changes (and/or dysbiosis, as reported by
Lin et al.”’) could potentially be reflected systemically in blood
parameters. In our study, fecal calprotectin in PD correlated in-
versely with serum IL-17, which at first glance may seem surpris-
ing, since IL-17 is generally regarded as “proinflammatory.*
However, IL-17 activity has intriguingly been associated with
dual effects, e.g., increased in the gut mucosa of IBD patients, yet
its inhibition induced or worsened colitis in human and animal
studies.” Notably, the combined use of fecal and blood biomark-
ers has shown superiority to the use of fecal markers alone in
detecting endoscopically active IBD.*® Additional studies are re-
quired to understand the systemic effects of intestinal inflamma-
tion and dysbiosis and the utility of combining fecal and blood
biomarkers in PD and MSA.

Our study has some limitations. The cross-sectional design
provides a “snapshot” of differences, and whether elevated fecal
calprotectin has a causative role in the development of PD and
MSA cannot be answered by this study design. Alternatively, fe-
cal calprotectin levels may also be elevated as a consequence of
bowel dystunction in these disorders. We note that there are some
limited data at the group level suggesting a relative stability of
fecal calprotectin over the short term (several weeks) in PD.***
Commercial calprotectin assays have variable performance, and
currently, there is a lack of assay standardization and universally
accepted cutoff values." Furthermore, in our study, there was a
substantial overlap in fecal calprotectin levels between patients
and controls; therefore, individual patient values may have very
limited utility to distinguish PD or MSA versus controls. Other
fecal proteins have been assayed as noninvasive markers of in-
testinal inflammation, such as lactoferrin or S100A12/calgran-
ulin C; however, currently, these are much less well established
than calprotectin." Colonoscopy remains the gold standard for
diagnosing colonic inflammation. Since this was not done as part
of our study protocol because of concerns about the procedural
risk, particularly in MSA patients (due to autonomic and laryn-
geal dysfunction), subclinical intestinal disorders such as IBD or
diverticulitis affecting calprotectin levels could not be excluded
in this study.

Advantages to assaying calprotectin include its relatively low
cost, excellent temperature stability and requirement for only a
small amount of fecal sample for analysis, making it likely that
this marker will be more widely researched in future studies. Re-



cently, fecal calprotectin was explored in PD clinical trials as a
potential therapeutic biomarker for GI-targeted treatments.**
One study documented a significant drop in fecal calprotectin lev-
els after eight weeks of prebiotic treatment using resistant starch;*
however, another study showed no significant change in fecal cal-
protectin levels in the face of improved constipation symptoms
with probiotic treatment.”*

In conclusion, PD and MSA patients had higher levels of fe-
cal calprotectin than controls, providing further support for the
presence of intestinal inflammation in these disorders. Beyond
observational research, mechanistic and interventional studies are
necessary to develop a more complete understanding of the role

of intestinal inflammation in these neurodegenerative disorders.
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doi.org/10.14802/jmd.21085.

Conflicts of Interest
The authors have no financial conflicts of interest.

Funding Statement

This work was supported by the Ministry of Higher Education, Malaysia Fun-
damental Research Grant Scheme (FRGS) FRGS/1/2018/SKK02/UM/02/1 (to
AHT), and a generous donation from the family of Mdm. Chong Fong Chee.

Acknowledgments

We would like to express our sincere thanks to Ms. Siti Hajar Md Desa and
Dr Syahira Nabila Kamaruzaman for their help in data collection at Universiti
Kebangsaan Malaysia Medical Centre.

Author Contributions

Conceptualization: Ai Huey Tan, Shen—Yang Lim. Data curation: Jia Wei Hor,
Ai Huey Tan, Kah Kian Chong, Eng Soon Khor. Formal analysis: Jia Wei Hor,
Ai Huey Tan. Funding acquisition: Ai Huey Tan. Investigation: Jia Wei Hor,
Ai Huey Tan, Shen-Yang Lim, Kah Kian Chong, Eng Soon Khor, Norlinah
Mohamed Ibrahim. Supervision: Ai Huey Tan, Chun Wie Chong, Sze Looi
Song, Cindy Shuan Ju Teh. Visualization: Jia Wei Hor, Ai Huey Tan, Chun Wie
Chong. Writing—original draft: Jia Wei Hor, Ai Huey Tan, Shen-Yang Lim.
Writing—review & editing: Ai Huey Tan, Shen-Yang Lim, Ida Normiha Hilmi,
Norlinah Mohamed Ibrahim, Chun Wie Chong, Sze Looi Song, Cindy Shuan
Ju Teh.

ORCID iDs
Jia Wei Hor https://orcid.org/0000-0002-8306-5453
Shen-Yang Lim https://orcid.org/0000-0002-6942-2522
Eng Soon Khor https://orcid.org/0000-0003-3109-8293
Kah Kian Chong https://orcid.org/0000-0001-7304-4942
Sze Looi Song https://orcid.org/0000-0002-1188-9728
Norlinah Mohamed Ibrahim  https://orcid.org/0000-0002-6684-7488
Cindy Shuan Ju Teh https://orcid.org/0000-0002-9062-3839
Chun Wie Chong https://orcid.org/0000-0002-6881-8883
Ida Normiha Hilmi https://orcid.org/0000-0001-7091-0032
Ai Huey Tan https://orcid.org/0000-0002-2979-3839

REFERENCES

1. Pouclet H, Lebouvier T, Coron E, Rouaud T, Flamant M, Toulgoat E et
al. Analysis of colonic alpha-synuclein pathology in multiple system at-

(S5

w

L

w

™

N

I

Ne)

10.

11.

12.

13.

14.
15.

16.

18.

19.

20.

2

—

22.

23.

Fecal Calprotectin in PD and MSA
Hor JW, et al.

rophy. Parkinsonism Relat Disord 2012;18:893-895.

. Tremlett H, Bauer KC, Appel-Cresswell S, Finlay BB, Waubant E. The gut

microbiome in human neurological disease: a review. Ann Neurol 2017;
81:369-382.

. Tan AH, Chong CW, Lim SY, Yap IKS, Teh CSJ, Loke ME et al. Gut mi-

crobial ecosystem in Parkinson disease: new clinicobiological insights
from multi-omics. Ann Neurol 2021;89:546-559.

Houser MC, Tansey MG. The gut-brain axis: is intestinal inflammation a
silent driver of Parkinson’s disease pathogenesis? NPJ Parkinsons Dis
2017;3:3.

. Tan AH, Chong CW, Song SL, Teh CSJ, Yap IKS, Loke ME, et al. Altered

gut microbiome and metabolome in patients with multiple system atro-
phy. Mov Disord 2018;33:174-176.

Romano S, Savva GM, Bedarf JR, Charles IG, Hildebrand E, Narbad A.
Meta-analysis of the Parkinson’s disease gut microbiome suggests altera-
tions linked to intestinal inflammation. NPJ Parkinsons Dis 2021;7:27.
Du J, Huang P, Qian Y, Yang X, Cui S, Lin Y, et al. Fecal and blood micro-
bial 16s rRNA gene alterations in Chinese patients with multiple system
atrophy and its subtypes. ] Parkinsons Dis 2019;9:711-721.

Wan L, Zhou X, Wang C, Chen Z, Peng H, Hou X, et al. Alterations of the
gut microbiota in multiple system atrophy patients. Front Neurosci 2019;
13:1102.

. Sampson TR, Debelius JW, Thron T, Janssen S, Shastri GG, Ilhan ZE, et

al. Gut microbiota regulate motor deficits and neuroinflammation in a
model of Parkinson’s disease. Cell 2016;167:1469-1480.e12.

Devos D, Lebouvier T, Lardeux B, Biraud M, Rouaud T, Pouclet H, et al.
Colonic inflammation in Parkinson’s disease. Neurobiol Dis 2013;50:42-
48.

Houser MC, Chang J, Factor SA, Molho ES, Zabetian CP, Hill-Burns
EM, et al. Stool immune profiles evince gastrointestinal inflammation in
Parkinson’s disease. Mov Disord 2018;33:793-804.

Rolli-Derkinderen M, Leclair-Visonneau L, Bourreille A, Coron E, Neun-
list M, Derkinderen P. Is Parkinson’s disease a chronic low-grade inflam-
matory bowel disease? ] Neurol 2020;267:2207-2213.

Engen PA, Dodiya HB, Naqib A, Forsyth CB, Green SJ, Voigt RM, et al.
The potential role of gut-derived inflammation in multiple system atro-
phy. J Parkinsons Dis 2017;7:331-346.

Ayling RM, Kok K. Fecal calprotectin. Adv Clin Chem 2018;87:161-190.
Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK, et al.
British Society of Gastroenterology consensus guidelines on the manage-
ment of inflammatory bowel disease in adults. Gut 2019;68:51-5106.

Aho VTE, Houser MC, Pereira PAB, Chang J, Rudi K, Paulin L, et al. Re-
lationships of gut microbiota, short-chain fatty acids, inflammation, and
the gut barrier in Parkinson’s disease. Mol Neurodegener 2021;16:6.

. Schwiertz A, Spiegel ], Dillmann U, Grundmann D, Biirmann J, Faflbend-

er K, et al. Fecal markers of intestinal inflammation and intestinal perme-
ability are elevated in Parkinson’s disease. Parkinsonism Relat Disord
2018;50:104-107.

Mulak A, Koszewicz M, Panek-Jeziorna M, Koziorowska-Gawron E, Bu-
drewicz S. Fecal calprotectin as a marker of the gut immune system acti-
vation is elevated in Parkinson’s disease. Front Neurosci 2019;13:992.
Guardiola ], Lobatén T, Rodriguez-Alonso L, Ruiz-Cerulla A, Arajol C,
Loayza G, et al. Fecal level of calprotectin identifies histologic inflamma-
tion in patients with ulcerative colitis in clinical and endoscopic remis-
sion. Clin Gastroenterol Hepatol 2014;12:1865-1870.

Bjarnason I. The use of fecal calprotectin in inflammatory bowel disease.
Gastroenterol Hepatol (N'Y) 2017;13:53-56.

. Unger MM, Spiegel J, Dillmann KU, Grundmann D, Philippeit H, Biir-

mann J, et al. Short chain fatty acids and gut microbiota differ between
patients with Parkinson’s disease and age-matched controls. Parkinson-
ism Relat Disord 2016;32:66-72.

Tan AH, Hor JW, Chong CW, Lim SY. Probiotics for Parkinson’s disease:
current evidence and future directions. JGH Open 2021;5:414-419.

Tan AH, Mahadeva S, Thalha AM, Gibson PR, Kiew CK, Yeat CM, et al.
Small intestinal bacterial overgrowth in Parkinson’s disease. Parkinson-

www.e-jmd.org 113


https://doi.org/10.14802/jmd.21085
https://doi.org/10.14802/jmd.21085

J

1]

J Mov Disord 2022;15(2):106-114

24.

25.

26.

27.

28.

29.

30.

3L

32.

ism Relat Disord 2014;20:535-540.

Lee HS, Lobbestael E, Vermeire S, Sabino J, Cleynen I. Inflammatory
bowel disease and Parkinson's disease: common pathophysiological links.
Gut 2021;70:408-417.

Horsager J, Andersen KB, Knudsen K, Skjeerbak C, Fedorova TD, Ok-
kels N, et al. Brain-first versus body-first Parkinson’s disease: a multi-
modal imaging case-control study. Brain 2020;143:3077-3088.

Kim R, Kim HJ, Kim A, Jang M, Kim A, Kim Y, et al. Does peripheral in-
flammation contribute to multiple system atrophy? Parkinsonism Relat
Disord 2019;64:340-341.

Williams GP, Marmion DJ, Schonhoff AM, Jurkuvenaite A, Won W7,
Standaert DG, et al. T cell infiltration in both human multiple system at-
rophy and a novel mouse model of the disease. Acta Neuropathol 2020;
139:855-874.

Cao T, Zhou X, Zheng X, Cui Y, Tsien JZ, Li C, et al. Histone deacetylase
inhibitor alleviates the neurodegenerative phenotypes and histone dysreg-
ulation in presenilins-deficient mice. Front Aging Neurosci 2018;10:137.
Herrick MK, Tansey MG. Is LRRK2 the missing link between inflamma-
tory bowel disease and Parkinson’s disease? NPJ Parkinsons Dis 2021;7:
26.

Shadrin AA, Mucha S, Ellinghaus D, Makarious MB, Blauwendraat C,
Sreelatha AAK, et al. Shared genetics of multiple system atrophy and in-
flammatory bowel disease. Mov Disord 2021;36:449-459.

Tan AH, Mahadeva S, Marras C, Thalha AM, Kiew CK, Yeat CM, et al.
Helicobacter pylori infection is associated with worse severity of Parkin-
sons disease. Parkinsonism Relat Disord 2015;21:221-225.

Collier TJ, Kanaan NM, Kordower JH. Aging and Parkinson’s disease: dif-

114

33.

34.

35.

36.

37.

38.

39.

40.

ferent sides of the same coin? Mov Disord 2017;32:983-990.

DeJong EN, Surette MG, Bowdish DME. The gut microbiota and un-
healthy aging: disentangling cause from consequence. Cell Host Microbe
2020;28:180-189.

Park SY. Age-related fecal calprotectin concentrations in healthy adults.
Korean J Clin Lab Sci 2020;52:181-187.

Lin CH, Chen CC, Chiang HL, Liou JM, Chang CM, Lu TP, et al. Altered
gut microbiota and inflammatory cytokine responses in patients with
Parkinson’s disease. ] Neuroinflammation 2019;16:129.

Chen ML, Sundrud MS. Cytokine networks and T-cell subsets in inflam-
matory bowel diseases. Inflamm Bowel Dis 2016;22:1157-1167.

Fauny M, Moulin D, DAmico E Netter P, Petitpain N, Arnone D, et al.
Paradoxical gastrointestinal effects of interleukin-17 blockers. Ann Rheum
Dis 2020;79:1132-1138.

Mak LY, Tong TSM, Cheung KS, Chen LJ, Lui KL, Lau KS, et al. Com-
bined use of common fecal and blood markers for detection of endoscop-
ically active inflammatory bowel disease. Clin Transl Gastroenterol 2020;
11:e00138.

Tan AH, Lim SY, Chong KK, A Manap MAA, Hor JW, Lim JL, et al. Pro-
biotics for constipation in Parkinson disease: a randomized placebo-con-
trolled study. Neurology 2021;96:¢772-e782.

Becker A, Pierre Schmartz G, Groger L, Grammes N, Galata V, Philippeit
H, et al. Effects of resistant starch on symptoms, fecal markers and gut
microbiota in Parkinson’s disease - the RESISTA-PD Trial. Genomics
Proteomics Bioinformatics 2021 Nov 25 [Epub]. Available from: https://
doi.org/10.1016/j.gpb.2021.08.009.


https://doi.org/10.1016/j.gpb.2021.08.009
https://doi.org/10.1016/j.gpb.2021.08.009

Supplementary Table 1. Correlations between fecal calprotectin
with sociodemographic and clinical characteristics in controls

Controls (n = 60) Is p-value
Age 0.056 0.668
Sex 0.243 0.062
Smoking status -0.006 0.964
Body mass index -0.051 0.702

Constipation severity
Constipation severity score (PAC-SYM) (0-36) 0.109 0.408
Less than 3 bowel movements per week 0.002 0.985

Spearman’s rank correlation coefficient, denoted as rs in the table. PAC-
SYM, Patient Assessment of Constipation Symptoms.



Supplementary Table 2. Correlations between fecal calprotectin with sociodemographic, clinical features and disease severity in patients
with PD

X ENA)] rs p-value
Age 0.252 0.034*
Sex 0.065 0.592
Smoking status 0.080 0.506
Body mass index -0.174 0.146
Constipation severity
Constipation severity score (PAC-SYM) (0-36) 0.050 0.759
Less than 3 bowel movements per week 0.085 0.479
Disease duration 0.118 0.326
Age of onset 0.080 0.506
LEDD -0.004 0.973
PD motor severity (MDS-UPDRS part Ill) 0.044 0.722
Severity of motor response complications (MDS-UPDRS part V) 0.132 0.278
Cognitive function (MoCA) 0.097 0.508

Spearman'’s rank correlation coefficient, denoted as rs in the table. *denotes correlation is significant at the 0.05 level (2-tailed). PD, Parkinson’s dis-
ease; LEDD, levodopa equivalent daily dose; PAC-SYM, Patient Assessment of Constipation Symptoms; MDS-UPDRS, International Parkinson and
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment.



Supplementary Table 3. Correlations between fecal calprotectin
with sociodemographic, clinical features and disease severity in pa-
tients with MSA

MSA (n = 38) Is p-value
Age 0.113 0.498
Sex 0.184 0.269
Smoking status 0.192 0.256
Body mass index -0.198 0.247

Constipation severity
Constipation severity score (PAC-SYM) (0-36) -0.100 0.556

Less than 3 bowel movements per week 0.104 0.532
Disease duration 0.116 0.502
Age of onset 0.178 0.299
LEDD -0.055 0.744
MSA severity (UMSARS parts | and Il) 0.113 0.506
Cognitive function (MoCA) -0.271 0.223

Spearman’s rank correlation coefficient, denoted as rs in the table. MSA,
multiple system atrophy; LEDD, levodopa equivalent daily dose; PAC-
SYM, Patient Assessment of Constipation Symptoms; UMSARS, Uni-
fied Multiple System Atrophy Rating Scale; MoCA, Montreal Cognitive
Assessment.



Supplementary Table 4. Correlation between fecal calprotectin level with blood immunological markers in Parkinson’s disease and mul-
tiple system atrophy

Blood biochemical Parkinson’s disease Multiple system atrophy
and immunological markers I's p-value
White cell count 0.401 0.052 0.256 0.339
Neutrophil count 0.311 0.148 0.282 0.289
Lymphocyte count 0.119 0.590 0.059 0.829
Monocyte count 0.417 0.048* 0.212 0.431
Eosinophil count 0.542 0.008* -0.283 0.288
Erythrocyte sedimentation rate 0.020 0.929 0.029 0.914
C-reactive protein -0.010 0.962 0.273 0.273
Caspase-1 -0.195 0.349 -0.226 0.339
Interferon-y -0.155 0.458 -0.140 0.556
Interleukin-13 -0.178 0.395 -0.126 0.596
Interleukin-4 0.305 0.138 -0.226 0.339
Interleukin-6 0.125 0.550 -0.164 0.490
Interleukin-17 -0.443 0.027* -0.182 0.443
Matrix metallopeptidase-3 0.241 0.246 -0.233 0.323
Nuclear factor-«xf3 0.260 0.209 -0.233 0.323
Tumor necrosis factor-o 0.007 0.974 -0.105 0.659

Spearman’s rank correlation coefficient, denoted as rs in the table. *denotes correlation is significant at the 0.05 level (2-tailed).



