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Background: Spinocerebellar ataxias (SCAs) are autosomal-dominant neurodegenerative diseases that are clinically and ge-
netically heterogeneous. SCAs are characterized by a range of neurological symptoms. SCA12 is an autosomal-
dominant (AD) ataxia caused by a CAG repeat expansion mutation in a presumed promoter region of the gene
PPP2R2B in a non-coding region on chromosome 5g32. This study sought to determine changes in different
positions in a single Uyghur SCA12 pedigree by measuring the apparent diffusion coefficient (ADC) and frac-
tional anisotropy (FA).

Material/Methods: A single Uyghur pedigree was collected and was confirmed to possess SCA12 by genetic diagnosis, among
which 13 cases were patients and 54 cases were “healthy” individuals. Five patients were presymptomatic and
15 individuals selected as a control group were examination in the same time. DTl was performed on a 1.5T
scanner, with b=1000 s/mm? and 15 directions. ADC and FA were measured by regions of interest positioned
in the corticospinal tract at the level of the pons (pons), superior peduncle (SCP), middle cerebellar peduncle
(MCP), cerebellar cortex (CeC), cerebral cortex (CC), and cerebellar vermis (CV) white matter.

Results: Compared with the controls, the ADC was significantly elevated in the CeC, SCP, CC, and CV regions in SCA12
patients. The FA significantly decreased in the CC region in SCA12 patients and the CC and CV regions in SCA12
presymptomatic patients. The course of the disease, SARA score, and ADC values in CV showed highly positive
correlations.

Conclusions: SCA12 pedigree patients exhibited microstructural damage in the brain white matter. The damage in white
matter fiber may first occur in the CC and CV regions in SCA12 presymptomatic patients. The ADC values in
the CV region could reflect disease severity in SCA12 patients.
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Background

Spinocerebellar ataxias (SCAs) are autosomal-dominant neu-
rodegenerative diseases that are clinically and genetically het-
erogeneous. SCAs are characterized by a range of neurological
symptoms, including loss of balance and motor coordination,
which are caused by progressive dysfunction of the cerebellum
and its afferent and efferent connections. Clinical diagnosis of
specific subtypes is difficult because of the overlap of pheno-
types among genetic subtypes and the variability in clinical fea-
tures found within distinct genetic subtypes. SCA12 is an auto-
somal-dominant (AD) ataxia caused by a CAG repeat expansion
mutation in a presumed promoter region of the gene PPP2R2B
in a non-coding region on chromosome 5g32. Srivastava et al.
[1] determined that SCA12 is very rare, accounting for only 6.5%
of all AD cases. Pathogenesis is likely caused by repetition, am-
plification, and mutation of CAG, which can affect the transcrip-
tion of the promoter. The structure of 1 shear transcription of
PPP2R2B or other types of genetic expression can change the
conformation and functions of the adjusting subunit of protein
phosphatase 2A to strengthen chondriokinesis, thereby result-
ing in neuronic pathology. An action tremor is a prominent fea-
ture in SCA12, and is often the presenting neurologic sign. Action
tremors then gradually develop into ataxia gait, head tremor, hy-
pokinesia, abnormal eye movements, and tendon hyperreflex-
ia; in patients with dementia, mood disorders may occur [2-6].

Atrophy of both the cerebral cortex and cerebellum has been
reported on either computed tomography (CT) or brain mag-
netic resonance imaging (MRI) images from SCA12 patients
in a North American kindred and Indian SCA12 patients.
Generalized cerebral cortical atrophy is accompanied by mod-
erate ventriculomegaly. Basal ganglia and brainstem structures
are relatively preserved. The vermis of the cerebellum appears
more atrophic than the cerebellar hemispheres. No focal sig-
nal abnormalities in grey or white matter have been reported
in SCA12 brain images [6].

Neuropathology of the SCA12 proband revealed atrophy of
the cerebral cortex and cerebellum plus mild pontine atrophy.
Microscopic examination of this SCA12 brain demonstrated
moderate-to-marked Purkinje cell loss and atrophy of the cere-
bellar granule cell layer. Neuronal intranuclear inclusions were
found in dopamine neurons of the substantia nigra, Purkinje
cells, and rare motor cortical neurons.

Diffusion tensor imaging (DTI) refers to the use of water mole-
cule diffusion anisotropy of nerve fibers in multiple directions
on a diffusion-sensitive gradient. DTl detects each individual el-
ement of water molecular diffusion anisotropy, and reflects the
fine structure of cerebral white matter fiber tracts of damage
through the obtained fractional anisotropy (FA) and apparent
diffusion coefficient (ADC) values. DTI provides a non-invasive
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method of showing living brain white matter nerve fiber ac-
cess, reflects the diffusion of water molecules, and provides a
quantitative description of organization by diffuse anisotropy.
DTI has potential for broad clinical application. ADC mainly re-
flects the diffusion speed of water molecules without indicat-
ing the direction of movement. When nerve degeneration oc-
curs, nerve cell loss and myelin depigmentation increase the
movement of water molecules. Therefore, the rate of diffusion
of water molecules increases, and anisotropy decreases. The
FA value can reflect the consistency of nerve fibers, structur-
al tightness, and integrity of microstructure. ADC and FA val-
ues obtained from DTl have gained widespread acceptance as
sensitive indicators to quantify microstructural damage of gray
and white matter in neurodegenerative diseases. ADC and FA
values have recently been used in the study of SCAs. The eval-
uation of deep cerebellar nuclei (DCN) using DTl can serve as
a simple imaging biomarker of cerebellar disease.

As of this writing, reports on SCA12 using DTl analysis are
rare. In this study, changes in ADC and FA in SCA12 were in-
vestigated to determine whether they cause damage to white
matter. Significant correlations of ADC and FA with disease
course and clinical scores were also determined. By detecting
different types of micro-damage in brain white matter struc-
ture in the presymptomatic patients and a control group of a
large Uighur SCA12 pedigree using DTI, morphological markers
were found to have an important function in early judgment
of the morbidity situation of presymptomatic patients and the
quantitative assessment of the severity of disease in patients.

Material and Methods

Data

Participants were Uyghur patients and their family members
preliminarily diagnosed with SCA based on the Harding stan-
dard. Data from 1 Uyghur pedigree were collected, among
which 13 cases were patients and 54 cases are “healthy” in-
dividuals from Xinjiang. The study used the tracking investiga-
tion method and selected 1 Uyghur pedigree using the follow-
ing criteria: (1) with pedigree analysis, the genetic mode of the
disease in the family are autosomal-dominant inheritance; (2)
chronic progressive disorder of cerebellar ataxia was the main
clinical manifestation; (3) imaging changes in the cerebellum
and brainstem atrophy as the main features.

Exclusion criteria: Other diseases that can cause cerebellar
ataxia, like multiple sclerosis, cerebellar tumor, inflammation,
and cerebral vascular diseases.

The diagnosis was genetically confirmed by means of poly-
merase chain reaction (PCR) of the gene expansions, agarose
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Table 1. The clinical characteristics and SARA rating for 13 cases with SCA12.

Patient No. Iv-1 -5 Iv-7 -8 1-10 11-18 Iv-4 IV-9  IV-21 IV-11 IV-14 IV-16
Gender Female  Male Female Male Female Male Male Male Male Male  Female Female Female
Age at present 48 61 47 54 59 55 42 41 41 44 38 48 43
Onset age 44 53 42 53 48 40 40 39 33 42 36 41 40
Cf)urse of 4 8 5 1 11 15 7 2 8 2 2 7 3
disease
CAGRepetition 45 59 53 51 50 54 49 49 48 50 52 50 50
times
Unstable . ) .

X = Serious + + + Serious = + + + + Serious =
walking
Alalia = Obvious + + + Obvious = = + + + + =
Tremble in . . . . . . .

- Mild  Obvious Moderate Moderate Without Obvious ~ Mild Moderate Moderate Moderate ~ — Obvious  Mild

upper limbs
Dysphagia = + = = = With = = = = = + =
Diminution of _ + _ _ _ _ _ _ _ _ _ _ _
vision
Nystagmus
and slow eye = Obvious + = = = = = + = + Obvious =
movement
O.rthostanc = Obvious + + + Obvious = = + + + Obvious -
dizziness
Amyotrophy - - - - - - - - - - - - -
Muscular . .
tension Normal Enhanced Normal Normal Normal Active Normal Enhanced Normal Normal Normal Active Healthy
Tendon reflex Enhanced Active EnhancedEnhanced Enhanced Active Normal Active Enhanced Active Enhanced Active Healthy
Pathological . e - L . e . e . L e .
reflex Negative Positive Positive Positive Positive Positive Negative = Positive Negative Positive Positive Negative
Sensory _ + _ _ _ _ _ + _ _ _ _ _
disturbance
Intelligence

L + = = + + = + = = + + —
declining
SARA grade 9 28 25 12 32 35 5 19 15 12 23 28 11
(marks)

CAG - indicates cytosine adenine guanine.

gel electrophoresis, and T carrier molecular cloning technology,
to be combined with digestion identification and other tech-
niques as described elsewhere. The genetics-based diagnosis
of SCA12 patients, including 7 male patients and 6 female pa-
tients, with average disease onset age of 43.00+6.56 years old
and the mean course of the disease was (6.92+4.82) years. In
5 presymptomatic patients (2 male, 3 female), average age at
disease onset was (31.12+2.56) years old. The control group in-
cluded 15 healthy Uyghur individuals without blood relationship
and with average age of 35.65+3.75 years. Five presymptom-
atic patients with SCA12 and 13 other patients were scanned
as part of a locally approved multicenter study. We obtained

written informed consent from all participants, in accordance
with institutional guidelines and with the Helsinki declaration.

The clinical characteristics of the patients are given in Table 1
and 2. We also enrolled 3.15 age-matched controls (7 male and
8 female, age 38.36+3.46 years) without a history of neurolog-
ic disturbances, with normal results on brain MR imaging, who
did not smoke, drink, or take medications that act on the CNS.

The protocol of the study was approved by the medical Ethics
Committee of the First Affiliated Hospital of Xinjiang Medical
University (Approval No. 20090822007).
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Table 2. Encephalatrophy grading in different position.

Encephalatrophy gra

Patient  Duration of
No. disease Frontal Parietal Temporal  Occipital Midbrain Pons Cerebellum
lobe lobe lobe lobe oblongata
SCA12-1 15 2 2 0 0 1 3 1 3
Cscat22 11 o T 0 T T 2 3 3
scA123 s o O o 0o 1 o 2
ScA124 s 1 o 0 o o 1 o 1
ScA125 7 o T T o o 0o o 1
ScA126 7 T o o o o 1
scA127 s 1 o 0o o o o o o
scAiz8 4 1 o 0 o o o o o
scA129 s o o 0o o o o o o
sca120 2 0 o 0o 0 o o o o o
scat211 2 o 0o 0 o o o o o
sca1212 2 o o 0 o o o o o
sca1213 1 o 0o 0 o o o o o
MRI To increase accuracy, a high-definition positioning FLAIR fig-

On the day of scanning, patients were assessed by a senior
neurologist using the Scale for the Assessment and Rating of
Ataxia (SARA), which quantifies the degree of neurologic im-
pairment, with scores ranging from 0 (no ataxia) to 40 (most
severe ataxia) (Table 1).

We used an Achieva 1.5T double-gradient magnetic resonance
scanner (Philips) and an 8-channel head coil SENSE. The scan-
ning methods employed included conventional scan and DTI
scan. The conventional scanning line used the conventional
spin-echo sequences for TIWI and T2WI. DTI cross-sectional
scan levels were consistent with conventional MRI, and diffu-
sion-weighted single-excitation SE-EPI sequences were used.

DTI

DTl was performed with a twice-refocused, single-shot,
spin-echo echo-planar sequence, using 15 directions and
b=1000 s/mm?2. The following conditions were used in DTI: TR,
2644 ms; TE, 55.0 ms; NEX, 1; 256x256 matrix; FOV, 230x230
mm; thickness, 6.0 mm; and no intersection gap.

Original data were collected in a post-processing workstation
and a post-processing “dispersion” software package was used
to establish the ADC and FA values. Transverse bitmap T1WI
and T2WI were used as a reference, and placed in regions of
interest (ROIs). The approximate ROl was selected in the con-
tralateral corresponding parts. The ROI size was about 7 mm.

ure was selected. A FLAIR map matching positioning was then
employed to outline the ROI area in the bilaterally symmet-
ric cerebral hemisphere. ADC and FA were measured with pla-
nar circular ROIs positioned on the DTI color maps jointly by 2
neuroradiologists blinded to patient identity, clinical data, and
structural imaging. The FA and DC values were determined in
each ROI, and were subsequently measured 3 times. The data
were then averaged. ROl was positioned mainly in the following
regions: the corticospinal tract (CST) at the level of the pons
(pons), superior peduncle (SCP), middle cerebellar peduncle
(MCP), cerebellar cortex (CeC), cerebral cortex (CC), and cere-
bellar vermis (CV) white matter.

Statistical analysis

Six different positions of the ADC and FA values were mea-
sured in 3 groups (patients, presymptomatic patients, and
control group). Data were inputted using SPSS$19.0 software.
A normal distribution of the obtained data was shown using
the normality test and distribution curve. Differences among
the 3 groups in 6 different positions of the 2 indicators (ADC
and FA values) were examined and the Kruskal-Wallis H test
was used for the 3 groups and the Wilcoxon test was used
for multiple-comparison. For SCA12 patients, multiple linear
correlation analysis was used to determine any correlations
in the CAG repeat frequency, duration, SARA score, and dif-
ferent position between the ADC and FA values. Data are ex-
pressed as mean #* standard deviation. The significance lev-
el was set at P<0.05.
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Figure 1. MRI scanning of head for the proband.

Results

MRI

The standard for the evaluation of encephalatrophy degrees
is: 0 stands for normal brain structure, 1 is for mild encephal-
atrophy (deepening anfractuosity and thinning gyrus), 2 is for
moderate encephalatrophy (more obvious deepening of an-
fractuosity, thinning gyrus with obvious shrinking, and mild
expansion to the ventricle), and 3 is for serious encephalatro-
phy (anfractuosity deepening to alba, thinning gyrus with ob-
vious shrinkage, and obvious expansion in the ventricle and
cistern) (Table 2).

To summarize the MRI manifestations of patients with SCA12:
9 cases had cerebral cortex shrinkage in the frontal lobe, pa-
rietal lobe, and other parts; 12 cases exhibited shrinkage in
the CV, overall shrinkage in the cerebellar hemispheres char-
acterized by deepening and widening of anfractuosity in the
epencephalon cortex and thinning of gyrus; and 7 cases had
brainstem atrophy, including volume shrinkage in pons and

CLINICAL RESEARCH

medulla, expansion of the pons forebay, and other character-
istics (Figure 1).

DTI

The Kruskal-Wallis H test was used in the 3 groups. Based on
the different positions of ADC values, no statistically signif-
icant difference was found in the positions of the MCP and
CST pons among the 3 groups (P>0.05). By contrast, the po-
sitions in the SCP, CeC, CC, and CV white matter were found
to be significantly different among the 3 groups (P<0.05). The
Wilcoxon test was used for multiple-comparison. The results
showed a statistically significant difference in the positions of
the SCP, CeC, CC, and CV white matter between the patients
and normal group (P<0.05). ADC values in the patients were
higher than those in the normal group, and the position of CV
white matter was significantly different between the patients
and presymptomatic patients (P<0.05).

The Kruskal-Wallis H test was used in the 3 groups. Based on
the different positions of FA values, significant differences in
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Table 3. Results from post hoc comparisons for ADC, FA between patients, presymptomatic patients and controls with SCA12, the

comparison results between three groups.

Patients Control

0.465+0.027

0.420+0.081

0.45240.021 6.25

Patients-control Pre-control Patients-pre

CST(pons) — indicates corticospinal tract at the level of the pons; SCP — in the superior peduncle; MCP — middle cerebellar peduncle;
CeC —in the Cerebellar Cortex; CC — in the Cerebral Cortex; CV — in the Cerebellar vermis white matter. Pre — indicates Presymptomatic
patients. n.s. — not significant. Values are expressed as mean +SD. * P=.05; ** P=.01; *** P=.001.

the positions of the SCP, CC, and CV were observed among
the 3 groups (P<0.05). The Wilcoxon test was used for mul-
tiple-comparison. The results show that the position of the
CC was significantly different between the patients and nor-
mal group (P<0.05). FA values in the patients were lower than
those in the normal group. Significant differences in the posi-
tions of the CV and CC were observed between the presymp-
tomatic patients and normal group (P<0.05). FA values in the
presymptomatic patients were lower than those in the nor-
mal group in the CV.

Randomized differential analysis was employed in the 3 groups.
The results show that the positions of the CST (pons), SCP,
MCP, CeC, CC, and CV white matter were significantly differ-
ent based on the 2 indicators (ADC and FA values) among the
3 groups (P<0.05).

Correlation analysis showed that the SARA score was correlated
with ADC in the CV white matter (r=0.72, P<0.05). Disease du-
ration was correlated with ADC in the CV white matter (r=0.71,
P<0.05) (Table 3, Figures 2, 3).

Discussion

DTI revealed disease-specific DCN changes in cerebellar de-
generation. These changes mediate virtually all cerebellar out-
flows along with the vestibular nuclei. Quantitative assessment
of the DCN may be invaluable to diagnosis, staging, and prog-
nosis in neurodegenerative diseases with cerebellar involve-
ment. DTl evaluation of the DCN can serve as a simple imaging
biomarker of cerebellar disease [7-10]. Sajjadi et al. showed
that neurodegenerative disease is identifiable in a single sub-
ject with DTI [11]. Neuroimaging evidence of microstructural
changes consistent with neurodegeneration has been found
in patients with familial essential tremor [12].

DTI reveals disease-specific DCN changes in cerebellar degen-
eration. The method used in this study should be applied to
SCA3 and Friedreich’s ataxia, which may show significant den-
tate involvement. Based on the aforementioned studies, it is
important to use DTI for quantifying the microstructural dam-
age to white matter in neurodegenerative diseases caused by
SCA12 [13-16].
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Figure 3. Scatterplot of ADC (A) and FA (B) measurements. For each ROI, the columns are presented in the following order: patients
with SCA12, presymptomatic patients with SCA12, and controls.

The detection of SCA12 subtypes of microstructural damage in in grey or white matter have been reported in SCA12 brain
cerebral white matter using DTI has not been reported in de- images. In the present study, some differences in ADC values
tail. O’'Hearn et al. reported that no focal signal abnormalities in the CV of the patients and presymptomatic patients [6,17]
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were found. Moreover, the presymptomatic patients and con-
trol group exhibited differences in the positions of the CeC
and CC. FA values of the presymptomatic patients and control
group decreased in the CV region, which may indicate the on-
set of symptoms in patients with pre-existing microstructural
damage in cerebral white matter of the CV [17-19]. Thus, the
detection of DTI changes in the assessment of the structur-
al damage in white matter of the CV may be used as relative-
ly objective morphological markers to assess the outcome in
presymptomatic patients.

Mandelli et al. [19] reported that DTI does not differ between
SCA1 and SCA2. However, strongly significant differences were
found between the 2 subtypes compared with the controls, and
correlations with clinical scores were detected. Compared with
the controls, ADC significantly increased in the MCP and hemi-
spheric white matter in SCA1, and in all regions under consid-
eration in SCA2. Reports on other subtypes of white matter
damage using DTl detection are rare [20-23].

The results in our study show that the course of the disease
and ADC values of CV were highly positively correlated (r=0.71).
SARA score and ADC values of CV also showed a highly posi-
tive correlation (r=0.72). Damage in the brain white matter fi-
ber structure of the CV could reflect the severity of damage of
SCA12 nerve pathology. This finding was consistent with the
report of O’Hearn et al., who found that the CV appears more
atrophic than the cerebellar hemispheres. Thus, our results sug-
gest that neurodegenerative pathology of CeC and CV white
matter structures may have a key function in disease onset.

Further studies are necessary to assess the function of FA
and mean diffusivity changes in the differential diagnosis of
SCA12, which may present similar clinical signs at disease on-
set. Although the degree of atrophy was not measured quan-
titatively, visual assessment performed in clinical practice
was determined to be adequate for the purpose of the pres-
ent study. Although a certain margin for rating subjectivity re-
mained, blinding prevented bias [24-26].
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Diffusion tensor tractography is an excellent tool for imaging
individual white matter tracts. However, the technical limita-
tions of this method should be considered, particularly prob-
lems concerning fiber crossing, delineation of tracts using
manually drawn ROIs, and distortion of axonal and neuronal
architecture in neurodegenerative diseases; these limitations
make it difficult for the tracking algorithm to follow the fi-
bers over longer distances or changes in direction [19,27,28].

Conclusions

DTl is useful in differentiating patients with SCA12, but has lim-
itations when used in the presymptomatic patients and con-
trols because of the substantial overlap among the 3 groups.
The strongly significant differences and correlations with clin-
ical scores suggest an important function in combination with
structural imaging characterizing the phenotypes, and provide
a quantitative measure of disease severity.

Data

Data from a single Uyghur pedigree were collected, among
which 13 cases were patients and 54 cases were “healthy”
individuals from Xinjiang.
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