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A. Summary

I. Project Title: Quantitative estimation of regional brain iron deposition — a potential biomarker
for Parkinson’s Disease and other neurodegenerative conditions causing atypical
Parkinsonism. (Ref: BT/PR19115/MED/122/11/2016)

2. Date of Start of the project (as per sanction order): 25 July, 2017

3. Completion Report Duration: 25 July, 2017 to 24 November 2020.

4. Extension duration and revised completion date: 4 months of extension; total duration- 3 years and
4 months. Revised completion date: 24™ November 2020

5. Total cost of the project (including revision): Rs. 20.1172 Lakhs, as per revised order dated
09/07/2019 ‘ <

6. Coordinator’s detail: Dr Rajneesh K Gaur, Scientist E, Department of Biotechnology

7. Sanctioned objectives and objectives achieved (Tabular format):

Sanctioned Objectives Objectives achieved

Quantitative estimation of regional iron content | Achieved
in the deep grey matter structures of the brain in
patients with clinical diagnosis of Parkinson’s
Disease (PD) and Atypical Parkinsonism in
whom clinical diagnosis has been made as per
standard diagnostic criteria), using
Susceptibility-Weighted Magnetic Resonance
Imaging techniques

Quantitative estimation of regional iron content | Achieved
in the’ same structures, in age matched healthy
contrdl subjects and comparison with the patient
groups. :
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10.

11.

12.

13.

Comparison of the regional iron content among | Achieved
the three study subject groups for significant
differences

Reason for non-achievement of objectives (Bullet points only): The objectives were achieved. In
the original proposal, it was planned to include two different types of atypical Parkinsonisms —
Progressive Supranuclear Palsy (PSP) and Multiple System atrophy (MSA). MSA is a much rarer
disease compared to PSP and we did not get sufficient number of subjects during the study period,
satisfying the clinical diagnostic criteria of MSA and able to / consenting to undergo the imaging
protocols of the study. Therefore, the final analysis included only one type of atypical Parkinsonism
(PSP), Parkinson’s disease and healthy volunteers. This does not compromise the objectives of the
study.

Infrastructure established (as per sanction order): No specific budget was requested for or
sanctioned for establishing the infrastructure, as we already had the necessary infrastructure for the
study, in our Institute

Manpower trained (as per sanction order, please include the break up with figures only e.g., number
of M.Sc. Students/JRF/SRF/RA and Assistant Professor, etc.): Two JRFs (Both with post-graduate
degree- M Tech — in Engineering) were trained in the specialized techniques involved in this study.
In addition, six post-doctoral fellows in Movement disorders (Who were undergoing advanced
training in the sub-specialty of Movement Disorders, after completing their DM in Neurology) who
were involved in the project activities, also got trained in the clinical assessments and imaging
protocols done as part of the study.

Number of SC/ST/OBC category people trained (Plz provide figures separately for each category):
SC/ST: Nil OBC: Nil

Research outcome:

- Publications: One publication being prepared, expected to be published by the end of 2021

- Two presentations in an international conference

- Patents: Nil (Not applicable)

- Technology developed, transferred or commercialized: Nil (Not applicable)

- Status of commercialized technology: Nil (Not applicable)

Summary (in two hundred words only): Parkinsonism is a clinical syndrome characterized by the
presence of rigidity of muscles, bradykinesia (slowness of activities), rest tremor and postural
instability. Parkinsonism is a manifestation of many neurodegenerative diseases including
Parkinson’s disease (PD) and the conditions labelled as “Atypical Parkinsonisms” which include
many entities like Progressive Supranuclear Palsy (PSP), Multiple System Atrophy (MSA) and
Corticobasal Degeneration (CBD). The diagnosis of all these conditions is clinical, as there are no
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accurate radiological, blood or other body fluid biomarkers for these conditions. Differentiating
Parkinson’s disease from other Atypical Parkinsonisms is important as it has a different natural
history, neuropathology and treatment strategy. Mineralization/ iron deposition of the deep gray
nuclei undergoing neurodegeneration is a feature of the neurodegenerative diseases presenting with
Parkinsonism. In this study, we explored whether the patterns of abnormal mineralization can be
detected in live subjects using susceptibility-weighted magnetic resonance imaging (MRI)
techniques and whether such patterns differentiate PD from healthy volunteers and atypical
Parkinsonian disorders (Represented by the commonest sub-type- PSP). We found that
mineralization of substantia nigra was more in PD compared to healthy volunteers and showed a
modest degree of correlation with disease severity. Similarly, the mineralization of several of the
deep gray structures was more in PSP compared to PD and healthy subjects and the increased
mineralization correlated well with severity of clinical manifestations as assessed by the PSP-
Rating Scale (PSP RS)

14. Grant remaining unspent along with justification: Rs 22747/-. Some of the participating subjects did
not need travel allowance (E.g.: Patients admitted in our hospital for evaluation / management).
Cost of MR imaging for some of the PD / Healthy volunteer subjects was lesser than estimated
earlier as they consented and underwent MR imaging for other ongoing studies also, MR protocols
were clubbed and cost was shared between the projects. Cheque for this amount is being submitted
along with this report.

15. Justification for non-submission of yearly financial documents: All the financial documents have
been submitted on time and the final financial documents are being submitted along with this
report.

B. Progress in details (not more than 8 pages)

Parkinsonism is a clinical syndrome characterized by the presence of rigidity of muscles, bradykinesia
(slowness of activities), rest tremor and postural instability. Parkinsonism is a manifestation of many
neurodegenerative diseases including Parkinson’s disease (PD) and the conditions labelled as “Atypical
Parkinsonisms” which include many entities like Progressive Supranuclear Palsy (PSP), Multiple
System Atrophy and Corticobasal Degeneration. PSP is the second-most common neuro-degenerative
Parkinsonian disorder and is the commonest atypical Parkinsonian disorder. (1) It is a disabling and
fatal disease with a median survival of around 7 years. (2) PSP is a 4R tauopathy. The current treatment
of PSP is symptomatic and supportive; disease-modifying therapies including tau-focused ones may
become available in future. (3) Though radiological features reflecting midbrain atrophy could support
the diagnosis, the disease lacks a validated biomarker and the diagnosis is currently made on clinical

grounds. (1,4,5) The core clinical features helping the diagnosis include supranuclear gaze
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abnormalities, early axial motor dysfunction and postural instability. However, it has been identified
that PSP has wide phenotypic variability with clinical features overlapping with those of Parkinson’s
disease (PD), Corticobasal Degeneration (CBD) and Frontotemporal Dementia (FTD). (3,5) Around a
third of patients may have a phenotype resembling PD. (2) Differentiation from PD is likely to become
all the more important in future, if tau-specific disease modifying therapies emerge.

Mineralization of brain parenchyma occurs in neurodegenerative diseases. Deposition of iron is of
particular interest, though it is debatable whether iron accumulation is the cause or consequence of
neurodegeneration; it could probably be both. (6,7) Susceptibility weighted magnetic resonance (MR)
imaging techniques can be used to evaluate the mineralization of deep gray matter (8) and visual
inspection of topographic differences in mineralization could differentiate various neurodegenerative
Parkinsonian disorders. (9) Quantitative Susceptibility Mapping (QSM) is a recently evolved technique
and is found useful in in vivo quantification of iron content. (10,11) Strong correlation of bulk
magnetic susceptibility detected by QSM, with tissue iron content from deep gray matter structures has
been demonstrated by post mortem studies. (12) The technique has been applied in neurodegenerative
conditions including motor neuron disease and degenerative Parkinsonism to quantify mineralization in
various brain regions and significant quantitative differences have been demonstrated between various
neurodegenerative Parkinsonian disorders. (13-15)

Ageing could affect mineralization and magnetic susceptibility of deep gray matter. (16) In this study,
we examined whether magnetic susceptibility estimates from deep gray matter structures differ
between those with neurodegenerative Parkinsonisms and age-matched healthy volunteers, and
between PSP and PD which is the most frequent and closest clinical mimic of PSP. We also explored
whether quantitative susceptibility estimates correlated with disease severity assessed using disease-
specific rating scales in PSP and PD.

Methods:

Consecutive patients with PSP attending the Movement Disorders clinic of our University Hospital
were recruited for the study. The clinical diagnosis in all the patients was confirmed independently by
two movement disorder specialists. The clinical criteria published by the International Parkinson and
Movement Disorder Society (MDS) (2017) was used for diagnostic categorization. (5) As our patients
had no neuropathological confirmation of diagnosis, we included only patients with the highest level
(“probable” PSP) of clinical diagnostic certainty.(3) Patients with PD who were recruited for the study
were age- and duration-matched to PSP patients. Diagnosis of PD was made based on the United
Kingdom Parkinson’s disease Society Brain Bank criteria. (17) As PD patients were matched with PSP
patients for duration of Parkinsonism, majority belonged to “early PD” category. Therefore, to
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maximize diagnostic accuracy in the group, MDS clinical diagnostic criteria for PD was also applied
and only those patients who fulfilled the criteria for the highest degree of diagnostic certainty
(clinically established PD) were finally selected. (18,19) Age-matched healthy volunteer subjects were
selected from those who responded to the call notification regarding the study, family friends of
patients and visitors to the hospital. Subjects with poorly controlled vascular risk factors and other
medical comorbidities were excluded.

All subjects underwent detailed clinical evaluation. Disease-specific rating scales were
administered by the movement disorder specialists to assess severity of neurological deficits in the two
patient groups. PSP rating Scale (PSPRS) (20) and Unified Parkinson’s Disease Rating Scale
(UPDRS), parts Il and 1l (21) respectively were used for PSP and PD patients. The UPDRS
assessment was done after overnight withdrawal of medications in the practically defined OFF state in
PD. (22) For post-hoc analysis of correlation of SN susceptibility with the severity of contralateral
signs of PD, the TRIB (tremor, rigidity and bradykinesia) scores were calculated for each side of the
body separately as previously described. (23)

MR Imaging, Image Processing and Analysis:

All the subjects underwent MR imaging using 3T MR System (Discovery MR 750w, GE
Healthcare, USA) with 24 channel neurovascular phased array head coil. The scanning protocol
included acquisition of T2* weighted image using 3D multi-echo gradient-echo sequence for SWAN
(Susceptibility Weighted Angiography) (Five equally spaced echoes with TE ranging from 5.7 to 29.5
ms, TR=62.2 ms, flip angle = 15°, slice thickness = 2mm, voxel size = 512 x 512 x 2 mm?3). Structural
T1 weighted MRI scans were acquired for each subject using a 3D FSPGR sequence for anatomic
identification and image normalization. In addition to the above sequences, a multiple dynamic
multiple echo (MDME) sequence was carried out (TR= 4000 ms, number of TE = 2, TE = 21.84 and
87.36, ETL=12, Matrix=320x288, Bandwidth=22.73, Slice thickness=5mm, spacing=1mm, NEX=1,
FOV=22cm, acquisition time = 6.08 minutes) to measure T1 and T2 relaxation rates in structural
regions of interest. The guidelines provided by the institution were followed during the scanning
procedure. The run-time for the protocol was approximately 25 minutes.

The axial SWAN images acquired using the flow compensated 3D GRE sequence with multiple
echoes were subjected to several post-processing stages using Morphology Enabled Dipole Inversion
(MEDI) approach to generate QSM. (24) The input stage utilised real and imaginary data of 3D
gradient echo images. The reconstruction process involved acquisition of magnitude and phase data
from the real and imaginary data. Binary masks of tissue were created from the magnitude data. Brain
Extraction Tool (BET) of FSL software was utilised for generation of brain masks. (25) The raw phase
images were unwrapped using Laplacian based unwrapping algorithm and background field removal
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was performed on the unwrapped phase data to eliminate the background fields generated by sources
external to the volume of interest. This stage was followed by generation of a local field map that
preserved relevant tissue information. After the background field removal stage, solving an ill-posed
inverse problem (dipole inversion) with the help of MEDI method gave the QSM maps.

Region-of-Interest (ROI)-based quantitative analysis of magnetic susceptibility was done with
the help of ITK-snap (Version 3.6) a public domain software. (26) Substantia nigra (SN), red nucleus
(RN), head of caudate nucleus (CN), putamen and globus pallidus (GP) were identified a priori as the
areas of interest and were segmented out and analyzed (9,15,27) Figure 1 shows the segmentation
images from a healthy subject. The segmentations were saved in NIfTI format (single file, compressed
format). Left and right counterparts of the regions of interest (ROI) were colored and labelled
differently. For each ROI, the susceptibility values were quantified in parts per billion (ppb). For each
patient, the mean value of the two sides was calculated for each ROI, for between-group comparisons
and correlation with clinical rating scales. Figure 2 shows the steps involved in Quantitative
Susceptibility Mapping.
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Figure 1: Segmentation images from a healthy subject showing the regions of interest (ROIs)
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Figure 2: Steps involved in Quantitative Susceptibility Mapping

Statistical Analysis: Data in tables is presented as means + standard deviation. Categorical variables
were analyzed using Chi square test. For continuous variables, Bartlett’s test for equal variances was
used to assess variability. One-way ANOVA was used when the variability was not significant and the
non-parametric Kruskal Wallis test was used otherwise. Post-hoc comparisons were done using
Bonferroni test or Dunn’s pairwise comparisons when significant differences were detected
respectively in ANOVA or Kruskal Wallis test. Pearson correlation coefficient was used to assess the
strength of correlation between magnetic susceptibility of grey matter structures and clinical variables.
P value less than 0.05 was considered statistically significant for. The data was analyzed using medical
statistics software (IBM SPSS Statistics 21).

The study protocol was reviewed and approved by the Technical Advisory Committee and Institutional
Ethics Committee and all participants gave written informed consent.
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Results:

We recruited 30 patients with PSP, 30 patients with PD and 30 healthy volunteers for the study. The
scans from 27 patients with PSP and 26 patients each in the PD and healthy volunteer groups were
available for final analysis. The remaining scans were excluded because of movement related artefacts
(scans from 6 subjects), presence of significant white matter abnormalities indicating co-existent
microvascular disease (2 subjects) and technical issues in the acquired imaging files (3 subjects)

Table 1 shows the demographic and clinical features of the study participants, including the scores of
the disease-specific rating scales used. The proportion of women in the healthy volunteer group was
significantly higher (P=0.006) compared to the patient groups. The three groups had similar age
(P=0.07) and no significant difference was noted among the PD and PSP groups with regard to duration
of motor symptoms at the time of recruitment to the study.

Table 2 shows the magnetic susceptibility from the various ROIs in parts per billion and the respective
P values. Patients with PD showed significantly higher mineralization in the substantia nigra while it
was similar to healthy volunteers in all other ROIs. The mineralization in all the ROIs, including
substantia nigra, was significantly higher in PSP patients when compared to healthy volunteers or PD
patients. Figures 3 and 4 show representative images from healthy volunteer, patient with PD and
patient with PSP.

Figure 3: SWAN images showing the magnetic susceptibility in the caudate nucleus, putamen and
globus pallidus , in a healthy volunteer (first image), patient with PD (second image) and patient with
PSP (third image). Brighter signals indicate higher magnetic susceptibility
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Figure 4: SWAN images showing the magnetic susceptibility in the substantia nigra and red nucleus ,
in a healthy volunteer (first image), patient with PD (second image) and patient with PSP (third image).
Brighter signals indicate higher magnetic susceptibility

We examined whether age correlates with mineralization in any of the ROIs in our healthy volunteer
group. None of the ROIs (Caudate nucleus- R <0.01 P=0.98; Putamen- R=0.17, P=0.42; Globus
Pallidus- R=-0.09, P=0.67; Substantia nigra- R=0.11, P=0.59; Red Nucleus- R=0.12, P=0.54) showed
any significant correlation with age.

The correlation of mineralization in the ROIs, with age, duration of disease and disease-specific rating
scales in the two patient groups are shown in table 3. The mineralization of the substantia nigra showed
a moderate degree of correlation with the duration of PD and the Unified Parkinson’s disease rating
scale motor scores. In patients with PSP, the mineralization of the deep gray nuclei correlated with the
PSP-RS scores; the correlation was strongest for the mineralization of the red nucleus.
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Table 1. Demographic and clinical features of study participants (Mean + SD)

Healthy Volunteers | Patients with PD | Patients with PSP
Gender (Male: Female) 10:16 20:6 20:7
Age (Years) 59.5 +3.6 60.3£7.0 62.6 £5.5
Duration of motor symptoms (Months) | NA 28.2+14.4 26.4 £7.3
UPDRS, part 11 NA 135+3.6 NA
UPDRS, part 111 NA 254+7.0 NA
UPDRS, part 111, axial score NA 54+25 NA
UPDRS, part I11, TRIB score NA 20.0+4.38 NA
PSPRS, History NA NA 135+4.0
PSPRS, Mentation NA NA 5316
PSPRS, Bulbar NA NA 32+16
PSPRS, Ocular Motor NA NA 76+28
PSPRS, Limb Motor NA NA 6.5+2.6
PSPRS, Gait and Midline NA NA 129+4.1
PSPRS, Total NA NA 49.0+134

NA- Not Applicable PD- Parkinson’s disease; PSP- Progressive Supranuclear Palsy; PSPRS-
Progressive Supranuclear Palsy Rating Scale.
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Table 2. Magnetic susceptibility values from the ROIs from the three groups of study participants.

HV

Patients with PD

Patients with PSP

P value

Caudate nucleus

40.8 +8.3

420+9.7

56.9+12.1

<0.0001*

HV Vs PD 0.9**

HV Vs PSP <0.001**
PD Vs PSP<0.001**

Putamen

40.1+11.8

404 £11.1

64.1+18.6

<0.0001*

HV Vs PD =0.9**
HV Vs PSP <0.001**
PD Vs PSP <0.001**

Globus Pallidus

105.8 +11.6

1075+ 210

135.0+32.1

0.0001*

HV Vs PD=0.9**
HV Vs PSP =0.004**
PD Vs PSP=0.004**

Substantia Nigra

85.2+14.9

110.8 +20.5

1443 + 30.1

0.0001*

HV Vs PD=0.007**
HV Vs PSP <0.001**
PD Vs PSP =0.005**

Red nucleus

80.9 +20.7

80.3+25.8

127.3+£35.1

0.0001*

HV Vs PD=0.9**
HV Vs PSP <0.001**
PD Vs PSP<0.001**

HV- Healthy volunteers; PD- Parkinson’s disease; PSP- Progressive supranuclear palsy

*P value in ANOVA / Kruskal Wallis test; ** P value in post-hoc Bonferroni test/ Dunn’s pairwise

comparison.
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Table 3: Correlation of mineralization with demographic features and disease specific rating scales in

patients.
Caudate Putamen Globus Substantia Red nucleus
Nucleus Pallidus Nigra
PD
Age (Years) R=0.27 R=0.35 R=-0.12 R=0.12 R=-0.20
P=0.18 P=0.07 P=0.55 P=0.57 P=0.32
Duration of motor R=-0.09 R=0.01 R=0.39 R=0.50 R=-0.08
symptoms (Months)
P=0.67 P=0.96 P=0.06 P=0.01 P=0.71
UPDRS, part Il R=-0.03 R=0.09 R=0.19 R=0.39 R=-0.21
P=0.90 P=0.68 P=0.35 P=0.05 P=0.30
UPDRS, part 111 R=-0.04 R=0.06 R=0.22 R=0.43 R=-0.14
P=0.84 P=0.78 P=0.27 P=0.03 P=0.51
UPDRS, part Il axial | R=-0.25 R=-0.13 R=0.25 R=0.27 R=-0.19
score
P=0.22 P=0.54 P=0.22 P=0.19 P=0.34
PSP
Age (Years) R=-0.02 R=-0.02 R=0.16 R=-0.02 R=0.24
P=0.90 P=0.92 P=0.44 P=0.92 P=0.22
Duration of motor R=0.06 R=0.32 R=0.14 R=0.37 R=0.64
symptoms (Months)
P=0.76 P=0.10 P=0.50 P=0.05 P<0.001
PSPRS, History R=0.05 R=0.42 R=0.29 R=0.41 R=0.81
P=0.79 P=0.03 P=0.15 P=0.04 P<0.001
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PSPRS, Mentation R=0.07 R=0.28 R=-0.05 R=-0.11 R=0.25
P=0.71 P=0.16 P=0.81 P=0.57 P=0.20
PSPRS, Bulbar R=-0.08 R=0.46 R=0.41 R=0.33 R=0.83
P=0.69 P=0.02 P=0.03 P=0.09 P<0.001
PSPRS, Ocular Motor | R=-0.09 R=0.08 R=0.13 R=0.31 R=0.50
P=0.67 P=0.66 P=0.5 P=0.12 P=0.008
PSPRS, Limb Motor | R=0.02 R=0.24 R=0.16 R=0.76 R=0.62
P=0.92 P=0.22 P=0.42 P<0.001 P<0.001
PSPRS, Gait and R=0.02 R=0.40 R=0.35 R=0.44 R=0.85
Midline P=0.93 P=0.04 P=0.08 P=0.02 P<0.001
PSPRS, Total R=0.007 R=0.40 R=0.29 R=0.49 R=0.85
P=0.97 P=0.03 P=0.13 P=0.009 P<0.001

Key observations and Conclusions:

We found that the mineralization (as indicated by magnetic susceptibility values in QSM) of the
substantia nigra differs significantly between those with neurodegenerative Parkinsonian disorders and
healthy volunteers, with higher degree of mineralization in those with Parkinsonism. Among those with
Parkinsonism, the mineralization of substantia nigra was more in those with PSP, compared to PD. The
mineralization values in other deep gray nuclei (Caudate nucleus, Putamen, Globus Pallidus and Red
Nucleus) were similar between healthy volunteers and PD, while it was significantly more in PSP in all
these ROIs, compared to the other two groups. The mineralization of the substantia nigra showed a
moderate degree of correlation with the duration of PD and the Unified Parkinson’s disease rating scale
motor scores. In patients with PSP, the mineralization of the deep gray nuclei correlated well with the
clinical severity as assessed by PSP-RS scores; the correlation was strongest for the mineralization of
the red nucleus. Our findings suggest that quantitative susceptibility mapping techniques could be used
for differentiating PD from PSP and could also monitor progression of these conditions.
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